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Headline Results 
 The Ascension Island MPA Region sea surface temperature (SST) will rise in all scenarios. 

While the models tend of overestimate the historical data, there is a clear warming signal in 
the region. The multi model mean SST rises by 0.9 degrees in SSP1-2.6 (2040-2050) relative 
to 2000-2010 and by 1.2 degrees in SSP5-8.5 over same time period.  

 The dominant current in the region, the Atlantic Equatorial Undercurrent (AEU) shows a 
range in behaviours, depending on the model. The CMIP6 ensemble forecast a weakening of 
the AEU in the future in all scenarios – with a greater weakening in the higher emission 
scenario.  

 There is not a significant agreement between the models on the future change in salinity in 
the region, but the ensemble mean indicate a more saline sea in the future.  

 The mixed layer depth (MLD) is forecast to become increasingly shallow in the future, with 
larger changes in the scenarios with more anthropogenic driving.  

 The mean decadal pH will continue to decline from 8.05 in 2000-2010 to between 7.94-7.97 
in 2040-2050, meaning that the Ascension Island MPA surface water will become more 
acidic.  

 There is no agreement between the CMIP6 ensemble on the oxygen concentration at 500m. 
Models forecast significant changes in both directions. 

 There is no agreement in the CMIP6 ensemble on the change in surface chlorophyll in the 
future. Some models show a significant rise in chlorophyll concentrations, and other show a 
slight decline. 

 The mean integrated primary production is forecast to decline in the region. 
 The nutrients, nitrate and phosphate, are forecast to decline in the MPA region in the 

surface layers.  
 In the variables studied here, the shape of the seasonal cycle is not projected to breakdown 

between 2000-2010 and 2040-2050. However, in most cases, there will be a shift away from 
its current value, and in general that shift is distributed more or less evenly throughout the 
year.  

  



  

Abstract 
We construct a marine climate change assessment for the Ascension Island marine protected area 
and the wider equatorial and southern Atlantic region. This includes local projections of 
temperature, salinity, mixed layer depth, pH, nutrients, chlorophyll concentration, oxygenation and 
primary productivity and an evaluation of the Atlantic Equatorial Undercurrent and associated cold 
tongue.  

To do this we used data from a multi-model ensemble of Earth system models from the sixth 
Coupled Model Intercomparison Project (CMIP6), which represent the state of the art in climate 
modelling. By using a large ensemble of CMIP6 earth system models instead of single bespoke 
regional model climate projection, we can provide a comprehensive estimate of projected trends 
that is not biased towards a single model and show as wide a range of modelled projections as 
possible. 

CMIP6 data project that the MPA region will become warmer, more saline, more acidic, with less 
nutrients, less chlorophyll and less primary production. In most cases, these changes are more 
extreme in the future scenarios that are associated with the stronger emission of greenhouse gases 
and more significant climate change.  

 

Introduction 
Ascension Island is a volcanic island in the equatorial Atlantic Ocean. It is 7 degrees south of the 
equator and about 1000 miles West of the African Coast. The island has a population of 800 and it is 
governed as part of the British Overseas Territory of Saint Helena, Ascension and Tristan da Cunha. 
In 2019, the island’s entire exclusive economic zone was designated to be a marine protected area 
(MPA), protecting approximately 440,000 square kilometres of the central Atlantic from fishing and 
mineral extraction. This makes the Ascension Island MPA one of the largest protected areas in the 
ocean. Despite this, little is known about the climate forecast for this specific region. In this report, 
we have generated the first forecast for the marine physics and biogeochemistry region using data 
from the coupled model intercomparison project (CMIP6). 

Figure 1 shows a map highlighting the MPA and the wider region. The local currents near the island 
are influenced by the effects of the Atlantic Equatorial Undercurrent (AEU), which flows eastwards 
along the Equator. The AEU is measured at the approximately 23 degrees west, between 3 south and 
3 north, as shown on figure 1.  

 

 



  

 
Figure 1: The Ascension Island marine protected area, the Atlantic Equatorial undercurrent transect 
and the study area. 

 

The climate is classified as a hot desert climate according to the Köppen climate classification. The 
sea temperature is warm, and the central Atlantic is particularly saline when compared with the 
global sea surface mean salinity. The island itself borders the South Atlantic gyre and the wider MPA 
(away from the relatively small influence of the island) has relatively low primary production, 
chlorophyll, and other indications of biological activity. The sea floor in the region is approximately 
3000m deep throughout most of the MPA.  

The isolated nature of Ascension Island makes it challenging to monitor in situ, and the local 
circulation patterns make it challenging to generate a bespoke local marine model. For this reason, 
we focused on using readily available global scale models. 

 

CMIP6 
The data that were used to generate this analysis come from the Sixth Coupled model 
intercomparison project (CMIP6), [Eyring 2016]. CMIP6 is an international collaborative project 
which allows modelling groups from around the world to share their climate model output datasets. 
To participate, models are required to meet a certain set of standards – both in terms of scientific 
model quality, but also in terms of data formatting. This means that the model outputs have a 
shared format, making intercomparison easier, but also that they all meet the minimum quality 
requirements, such as a relatively low drift in the air-sea flux of CO2 and global volume mean ocean 
temperature.  



  

Within CMIP6, each model will typically include multiple simulations of the past, present and future. 
The historical simulations cover the years 1850-2015. The year 2015 is the transition year from 
historical to future as that was when the CMIP6 forcing was set out, based on the most up the date 
data at that time. As we are unable to forecast whether humanity will change or continue its current 
path, multiple future scenarios are also available [O’Neill 2016], ranging from enhanced fossil fuel 
use in the SSP5-8.5 scenario, to sustainable development in the SSP1-2.6 scenario.  

These future scenarios are named according to five Shared Socioeconomic Pathways (SSP1, SSP2, 
SSP3 etc…) and an estimated value of the radiative forcing at 2100 (1.9, 2.6, etc…). Each of the SSP 
pathways cover a different policy relevant scenario that link to broader characteristics of the global 
future, such as changes to population, GDP, and urbanisation. The five SSP scenarios are: SSP1: 
Sustainability, SSP2: Middle of the Road, SSP3: Regional Rivalry, SSP4: Inequality, SSP: Fossil Fuel 
Development. The second number of the scenario name is the radiative forcing in the year 2100 is 
the amount of extra human activity driven Watts of heat added to each square meter of the earth’s 
surface in the year 2100. For instance, the scenario SSP1-1.9 is the Sustainable pathway SSP1 with 
approximately 1.9 Watts of greenhouse effect added to every square meter of the Earth’s surface in 
the year 2100. For SSP1-1.9, this number gradually builds up to 1.9 W m-2 over the 21st century and 
the time development of the radiative forcing for each scenario is shown in the bottom right pane of 
figure 2. To further complicate matters, the actual radiative forcing of a given model is an emergent 
property of the model, and models may diverge from the named 2100 radiative forcing value. 

There are many future scenarios within CMIP6, and each modelling group chooses which scenarios 
they use to produce simulations. In this work, we choose to focus on the four “Tier 1” scenarios, 
SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5 that were prioritised in CMIP6. Figure 2 from Riahi (2017) 
show details on the conditions used to drive environmental change in these scenarios. The main 
drivers are changes in atmospheric carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and 
aerosols.  

 
Figure 2: summary of the CMIP6 future forcing scenarios, both the Greenhouse gas emissions, and 
Aerosol and air pollutant forcings for several scenarios are shown. This is figure 5 from Riahi 
(2017). 

 



  

In addition to including multiple scenarios, CMIP6 models may produce more than one simulation 
for each scenario. This allows them to account for uncertainty in the climate at the start of the 
historical period in 1850. Despite our distance from the year 1850, the climatic conditions at the 
start of the model simulation in 1850 can have a significant impact on the present and future climate 
projected by the models. However, there is nearly no scientific data about the state of the climate in 
1850, so we cannot perfectly recreate the state of the climate at that time. For this reason, models 
usually include several possible starting points to cover as wide of a set of behaviours as possible. 
For instance, 19 different historical simulations were produced with the UKESM model, each one 
using slightly different starting conditions. 

After producing one or more historical simulations, each of which has different starting conditions in 
1850, multiple future scenarios can branch from each historical simulation from the year 2015. It is 
up to the modelling centre to choose how many simulations they produce for each future scenario, 
and which historical simulation that they use as a starting point for their future projections. For 
instance, UKESM1 produced simulations of at least five future scenarios and made between five and 
eight simulations per scenario.  

This means that there is a wide variability in the number of ensemble members between models. To 
balance models that contributed to CMIP6 with many simulations like UKESM and models that only 
include one ensemble member, we choose to apply the “one model – one vote” weighting scheme. 
This means that for each given model, we take the average of all simulations in each scenario, and 
then take the average of that set of single model ensembles means. Thus, the multi-model mean in 
this analysis is actually a mean of means. We make no effort to bias the results in terms of model 
quality or historical performance – every model is given the same weight in the multi-model mean. 

The central Atlantic region in CMIP6 literature 
It's also important to place regional climate change impacts in the wider global context. The most 
recent Intergovernmental Panel on Climate Change Sixth Assessment Reports (Eyring 20201, Fox-
Kemper 2021, Lee 2021) use a combination of the historical observational record and modelling 
datasets like CMIP6 to summarise the best of our knowledge about the Earth's Climate. The ocean 
surface temperature is projected to increase from 1995–2014 to 2081–2100 on average by 0.86 °C in 
SSP1-2.6 and by 2.89 °C in SSP5-8.5. The upper ocean has become more stably stratified since 1970 
over the vast majority of the globe due to surface-intensified warming and high-latitude surface 
freshening. There is high confidence that many ocean currents will change as a result of changing 
wind stress. The Agulhas current is projected to intensify, while the Gulf Stream will weaken. The 
Atlantic Meridional Overturning Circulation, an indicator of the current of the Northern Atlantic, is 
very likely to decline over the 21st century in all scenarios. It is virtually certain that global mean sea 
level will continue to rise through 2100. The global mean sea level will rise by 2050 between 0.18m 
and 0.23m relative to the period 1995–2014. In addition, it is virtually certain that the uptake of 
anthropogenic CO2 was the main driver of the observed acidification of the global ocean. 

A recent overview of the performance of CMIP6 models in the tropical Atlantic (Ritcher 2020), allows 
some insights into the model’s performance in this region. Notably, relative to the previous 
intercomparison (CMIP5), CMIP6 includes a few models with very small biases in the mean state and 
variability of the tropical Atlantic. The equatorial Atlantic warm sea surface temperature and 
westerly wind biases have been mostly eliminated in these models. Furthermore, interannual 
variability in the equatorial and subtropical Atlantic is quite realistic in several CMIP6 models, which 
suggests that they should be useful tools for understanding and predicting variability patterns. 



  

Further details about these models are available in this publication, and it offers a good explanation 
of the challenges of modelling this region.  

 

Hardware and software tools 
This analysis was performed on the Centre for Environmental Data Analysis’s (CEDA) JASMIN 
computing system. JASMIN is a globally unique data intensive supercomputer for environmental 
science. Over 160 science projects are currently supported on JASMIN, covering topics ranging from 
climate science and oceanography to air pollution, earthquake deformation and analysis of wildlife 
populations. JASMIN supports the data analysis requirements of the UK and European climate and 
earth system modelling community. It consists of multi-Petabyte fast storage co-located with data 
analysis computing facilities, with dedicated light paths to various key facilities and institutes within 
the community. 

The size of the full CMIP6 data is so large that no data centre can host it in its entirety. Our analysis 
was limited to the data locally available on JASMIN at the time the analysis ran. When needed, we 
made requests to expand the data availability, however not all requests were successfully completed 
in time to be included in this report. This problem was compounded by JASMIN, CEDA and BADC 
staff shortages throughout the covid19 pandemic of 2020-2022.  

Furthermore, we have excluded some models because their outputs were not strictly adhering to 
the CMIP6 standard formats, making them fundamentally incompatible with our software analysis 
framework.  

To perform the analyses, we used the Earth System Model Evaluation Toolkit, ESMValTool (Righi 
2020). ESMValTool is a software toolkit that was built to facilitate the evaluation and 
intercomparison of CMIP datasets. It is freely available, python-based, and built by a team of experts 
with standardised best coding practice (code review, documentation, open discussions etc.). 
ESMValTool is built with a set of modular and flexible tools that allow it to quickly set up and 
develop analyses like this one. These tools include quick ways to standardize, slice, re-grid, and apply 
statistical operators to datasets. ESMValTool is hosted on github and all the code we used here will 
be made available upon publication. 

 

Methods 
The methodology in this report is split into two parts. Most indicators were analysed in a common 
framework, except the AEU, which required a separate frame. These two analyses are described 
separately here. 

CMIP6 bulk properties analysis 
We performed an ensemble analysis for the following variables: temperature, salinity, mixed layer 
depth, oxygen concentration at 500m, pH, nitrate, phosphate, chlorophyll and primary production. 
The multi-model ensemble analysis was generated using the method described here. We include 
every model and ensemble member in the JASMIN/BADC computing system that satisfied the 
following conditions: 

 Data available at run time on JASMIN over the full-time range (1850-2015 or 2015-2100) 
 Monthly Ocean data available (Omon)  



  

 An associated cell area metadata (also called FX file), which contains the area of each model 
grid cell in square meters is available 

In all cases, the “latest” and “natural grid” versions of the dataset at the moment of the analysis was 
selected. 

For each variable we analysed the time evolution of the average value in the Ascension Island MPA 
area, the average monthly climatology, the average and projected change in the depth profile, and 
the spatial distribution and projected change in the wider tropical Atlantic region. The time series is 
provided for the whole duration of the CMIP6 simulations (1850 to 2100) while the others 
information is provided for two 10 years periods, one representing the current state (2000-2010) 
and one representing the mid-century climate (2040-2050). Where observational data were 
available, we compared those with the analysis results.  

Unless otherwise specified, surface model outputs are used in the analysis. The average time series, 
monthly climatology and vertical profile for the Ascension Island MPA are calculated using model 
outputs from a square region of 6 degrees across (roughly 660 km). As shown in Figure 1, the 
selected region is slightly largely larger than the real MPA (a circle of 640km diameter) but given the 
models resolution this is the best representation for the MPA. We used a square area instead of a 
circular one, but we do not believe that the small difference in area should affect the results, as they 
are averaged over the entire region. However, we did not test this hypothesis.  

In all panes, we use the “one model – one vote” scheme to calculate the weighted averages of the 
individual ensemble members. We do not de-drift the historical or future simulations against the 
pre-industrial control run.  

Where available, observation-based data products are also included in the analysis. We prioritised 
existing Obs4MIPs data because of its availability on JASMIN and because its format makes it 
compatible with ESMValTool. Obs4MIP is a limited collection of observational datasets that has been 
pre-processed to resemble modelled CMIP datasets in terms of their formatting, grids, and 
interpolated to facilitate comparison against climate models. Please see table 1 for details on the 
observational datasets.  

In the absence of Obs4MIPs data, we use other observational data sources. Similarly, not all 
observational datasets are available as a time series. When they are, we add time series 
observations for the region. If not, the observation data is added as a block where the time range (x 
axis) shows the time period to which the observations refer to, and the range along the data axis (y 
axis) shows the minimum and maximum values observed within the region.  

  



  

 

Field Dataset Reference 
Sea Surface Temperature WOA 2018 Locarnini 2018 
Surface Salinity WOA 2018 Zweng 2018 
Mixed Layer Depth IFerMER 2008 de Boyer Montégut et al., 2004  
Oxygen concentration at 
500m 

WOA 2018 
 

Garcia 2018B 

Surface pH GLODAP 2016 Olsen 2016 
Surface Nitrate WOA 2018 

 
Garcia 2018A 

Surface Phosphate WOA 2018 
 

Garcia 2018A 

Surface Chlorophyll 
 

ESACCI-OC (2022) Sathyendranath 2019 

Integrated Primary 
Production 

Eppley-VGPM-MODIS 
2018 

Behrenfeld 1997 

Atlantic Equatorial 
Undercurrent 

https://doi.org/10.52
81/zenodo.4478285 

Brandt 2021 

TABLE 1: The observational datasets used in this analysis and their references. These references are 
available in the bibliography, below.  

 

Atlantic equatorial undercurrent analysis 
To evaluate the historical and future properties of the AEU, we focussed on three key aspects: the 
state and trend in the annual average flow, the changes in the monthly climatology, and the change 
in depth profiles. One historical (1950-2015) and four SSP scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0, 
SSP5-8.5, 2016-2100) were analysed. We limited this analysis to ensemble members for which both 
historical and at least one future scenario data were present.  

The mean annual AEU flow is estimated from each ensemble member by calculating the annual 
mean zonal (East-West) velocity values along a transect at longitude 23° West, between 3° South 
and 3° North and between the surface and 400m depth. This transect (shown in figure 1) was chosen 
because it encompasses the whole AEU extension in latitude and depth and the longitude of 23°W 
allows for comparison with long-term moored observations from Brandt et al. (2021).  

The annual mean AEU flow values were obtained by taking the area-weighted sum of only the 
positive (West to East) velocity values in the transect area. To generate the monthly climatology, the 
monthly mean AEU flow values for present day (2000-2010) and future (2040-2050) periods were 
extracted from the dataset and averaged over each month. 

The depth velocity profiles for present day and future periods were derived from annual averaged 
velocity data as the average of the two grid cells closest to the equator, which represent the location 
of maximal velocity. Similarly to the bulk analysis, we used the “one model – one vote” weighting 
scheme.  

 



  

Results 
The results of each individual analysis in the bulk properties are shown first and the AEU analysis is 
below.  

The multi-model mean for the period 2000-2010 and 2040-2050 and the standard deviation of the 
ensemble of single model-means is shown in table 2. The standard deviation is calculated as a 
measure of the spread of the single model means but doesn’t include variability in the time 
dimension. Table 3 shows the number of models and total number of CMIP6 ensemble member for 
each field for each scenario.  

 

 Historical 
(2000-2010) 

SSP1-2.6  
(2040-2050) 

SSP2-4.5  
(2040-2050) 

SSP3-7.0 
(2040-2050) 

SSP5-8.5  
(2040-2050) 

Sea Surface 
Temperature, oC 

26.88 ± 0.55 27.82 ± 0.43 27.93 ± 0.43 28.06 ± 0.42 28.09 ± 0.42 

Surface Salinity, PSU 35.64 ± 0.43 35.79 ± 0.48 35.8 ± 0.42 35.69 ± 0.49 35.79 ± 0.43 
Mixed Layer Depth, m 34.33 ± 9.89 33.91 ± 8.53 32.09 ± 8.13 33.05 ± 9.29 32.92 ± 8.68 
Oxygen concentration 
at 500m, mmol m-3 74.23 ± 34.3 76.69 ±27.4 75.59 ±28.4 75.7 ±28.5 76.26 ± 27.9 
Surface pH 8.05 ± 0.01 7.97 ± 0.02 7.96 ± 0.01 7.95 ± 0.01 7.94 ± 0.01 
Surface Nitrate,  
mmol m-3 0.15 ± 0.16 0.035 0.034 0.033 

0.061 ± 
0.063 

Surface Phosphate, 
mmol m-3 0.0026 0.0022 0.0021 0.0020 0.0020 
Surface Chlorophyll,  
mg m-3 

44.77 ± 56.3 50.35 ± 51.9 49.86 ± 51.5 49.86 ± 51.5 39.72 ± 56.0 

Integrated Primary 
Production, mol m-2 d-1 

0.035 ± 
0.009 

0.030 ± 
0.011 

0.030 ± 
0.011 

0.031 ± 
0.011 

0.030 ± 
0.010 

Atlantic Equatorial 
Undercurrent, Sv 

16.28 ± 
1.96 

15.75 ± 
1.99 

15.15 ± 
1.56 

14.88 ± 
1.63 

14.70 ± 
2.04 

Table 2: The multi-model mean the standard deviation of the ensemble of single model-means for 
each variable in the study. These values are calculated from the mean and standard deviation of the 
individual model ensemble means for the periods 2000-2010 in the historical period and 2040-2050 
in the future scenarios. Fields with only a single model contributing do not include a value for the 
standard deviation.  

  



  

Field Historical SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 
Sea Surface 
Temperature 

33 (131) 25 (110) 24 (68) 22 (116) 25 (77) 

Surface Salinity 31 (116) 22 (68) 23 (68) 20 (73) 22 (60) 
Mixed Layer Depth 28 (115) 9 (50) 19 (72) 7 (58) 8 (45) 
Oxygen concentration 
at 500m 10 (71) 8 (52) 8 (42) 8 (68) 8 (39) 
 Surface pH 13 (49) 8 (32) 7 (22) 8 (47) 7 (22) 
Nitrate 10 (24) 1 (16) 1 (5) 1 (16) 7 (11) 
Phosphate 1 (16) 1 (16) 1 (5) 1 (16) 1 (5) 
Surface Chlorophyll 5 (76) 4 (43) 4 (32) 4 (50) 3 (29) 
Integrated Primary 
Production 

14 (29) 11 (34) 11 (35) 11 (33) 8 (12) 

Atlantic Equatorial 
Undercurrent 

24 (77) 19 (61) 21 (55) 19 (66) 21 (60) 

Table 3: The number of contributing models is shown first, and the total number of contributing 
ensemble members is shown inside brackets.  

 
Results Part 1: CMIP6 bulk properties analysis 
In this section, we include the results of each individual analysis in the bulk properties.  

Temperature 
Figure 3 shows the Ascension Island MPA sea surface temperature. While the models tend of 
overestimate the historical data, there is a clear warming signal in the region in all scenarios. In 
addition, the surface warms similarly in all scenarios by 2040, but there is a more significant 
divergence between the four future scenarios towards the end of the future analysis period in 2050, 
which becomes even more significant towards the end of the century. The climatology pane shows 
that the seasonality remains intact. The profile pane and profile difference panes show that the 
warming occurs throughout the water column – not just the surface layers, although warming is 
more intense in the surface and subsurface layers than at greater depths. The surface map panes 
show that while the temperature rise is greatest at the equator in all future scenarios, the sea 
surface temperature rises everywhere in the region.  

 



  

 
Figure 3: The CMIP6 ensemble temperature analysis for the Ascension Island MPA. The top left 
pane shows the MPA sea surface temperature in the historical period (blue) and multiple future 
scenarios (green, yellow, orange, red). Each model’s range between the smallest and largest 
ensemble member at each point in time is shown separately as an overlapping semi-transparent 
coloured band. The observational data is shown as a black line. The black and pink vertical bars 
indicate the times where the historical and future periods are extracted in the other panes. The 
top right pane shows the monthly climatology. The profile and difference panes show the depth 
profiles and the difference against the historical depth profile. The lower six panes show the 
historical period, the observational dataset, and the difference between the four future scenarios 
and the historical model ensemble mean. 

 

Salinity 
Figure 4 shows the CMIP6 ensemble analysis for salinity in the Ascension Island MPA region. This 
figure shows that the model ensemble captures observational surface salinity in the region, but 
many models underestimate historical behaviour, as does the ensemble mean. In the future period, 
the annual mean salinity rises in all scenarios. In the years 2040-2050, the change in salinity is similar 
in all future scenarios however there are more significant differences in salinity between scenarios 
by the end of the century. Note that there is a discontinuity in the ensemble mean between the 
historical and the future scenarios at the year 2015. This is because the historical and future 
scenarios contain a slightly different set of models, as shown in table 3. The annual cycle of surface 
salinity in the MPA remains intact, but SSP5-8.5 shows a more significant rise. In the depth profile, 
the SSP5-8.5 and SSP2-4.5 scenarios seem to more closely follow the historical behaviour than SSP1-



  

2.6 or SSP3-7.0. In the wider region, the distribution of sea surface salinity is strongly influenced by 
coastal effects off the Western African Coast.  

 

 
Figure 4: The CMIP6 ensemble salinity analysis for the Ascension Island MPA. The top left pane 
shows the salinity in the historical period (blue) and multiple future scenarios (green, yellow, 
orange, red). Each model’s range between the smallest and largest ensemble member at each 
point in time is shown separately as an overlapping semi-transparent coloured band. The 
observational data range is shown as a black box. The black and pink vertical bars indicate the 
times where the historical and future periods are extracted. The top right pane shows the 
monthly climatology. The profile and difference panes show the depth profiles and the difference 
against the historical depth profile. The lower six panes show the historical period, the 
observational dataset, and the difference between the four future scenarios and the historical 
model ensemble mean. 

 

Mixed Layer Depth 
Figure 5 shows the CMIP6 ensemble analysis for the mixed layer depth. The model data here uses 
the “mlotst” CMIP6 field, which is the mixed layer depth calculated instantaneously on the model 
timestep and uses a density criteria of 0.125 kg m-3 according to the CMIP6 protocol for the 
instantaneous model fields. However, the observational data used are from de Boyer Montégut 
(2004) where MLD was calculated from water density with a fixed threshold criterion of 0.03 kg m-3. 
This means that the observations and model ensemble are not strictly compatible here and should 



  

only be used to estimate differences in patterns. The model ensemble mean is comparable to 
observations but does not capture minimum MLD observed.  

In the climatological pane, a small shallowing of MLD is observed between June and November in all 
future scenarios relative to the historical period. As this is a 2D dataset, there are no depth profile 
panes. In the 2D maps, only slight differences between scenarios can be seen in the MPA region, 
though the impact in the wider region is more significant, especially away from the equator. 
Unfortunately, the observational data seem to struggle from an uneven distribution in this field and 
interpretation is not straightforward – nevertheless, it is included for completeness. 

 
Figure 5: The CMIP6 ensemble mixed layer depth analysis. The top left pane shows the mixed 
layer depth in the historical period (blue) and multiple future scenarios (green, yellow, orange, 
red). Each model’s range between the smallest and largest ensemble member at each point in 
time is shown separately as an overlapping semi-transparent coloured band. The observational 
data range is shown as a black box. The black and pink vertical bars indicate the times where the 
historical and future periods are extracted. The top right pane shows the monthly climatology. 
The lower six panes show the historical period, the observational dataset, and the difference 
between the four future scenarios and the historical model ensemble mean. 

 
Oxygen Concentration at 500m  
The oxygen concentration at 500m is shown in figure 6a. The 500m depth range was selected 
because the observational minimum oxygen sits at 500m in the MPA. In the time series, there is little 
agreement between models in either the historical or future times series. Indeed, there appears to 
be two diverging categories of behaviours. Some models project a strong decline and others an 



  

increase. The two behaviours seem to cancel each other out in the ensemble mean resulting in a 
small change in oxygen at 500m in the MPA However, this small change is an unlikely outcome, as 
very few models project it. 

The oxygen at depth is particularly sensitive to how the hydrodynamic of the area is represented, 
particularly stratification and circulation. High oxygen concentration is an indication of waters that 
have been recently in contact with the atmosphere (usually called “young”) and lower oxygen 
indicates that waters have been trapped below surface for a longer period (usually called “old”). This 
may explain the strong difference in the historical period: models with higher concentrations of 
oxygen are likely to simulate current structures that includes younger waters at 500m depth, and the 
opposite for those with low oxygen concentration. 

In addition, it can be seen in the spatial distribution panes of figure 6a that the MPA sits between a 
region to the South where the oxygen concentration at 500m decreases and another region where it 
rises in the North. This means that the overall model mean is particularly sensitive to the placement 
of these two regions in the multi-model mean, the intensity of change in the two regions, but also 
the distribution of changes in the contributing individual models.  

Figure 6b shows a single model ensemble for the IPSL-CM6A-LR model. This model was chosen 
because it the only model whose historical mean for the MPA sits within the observational range 
from the WOA dataset. (Note that the IPSL-CM6A-LR-INCA model also sits within the observational 
range but did not provide any future SSP scenario data.) The IPSL-CM6A-LR model ensemble shows a 
decline in oxygenation for all future scenarios for the region. However, the spatial distribution of the 
oxygenation at 500m does not closely reproduce the spatial distribution of the observed oxygen 
data. It does not reproduce the oxygen minimum seen around the Eastern South Atlantic region. 

 



  

 
Figure 6a: The Oxygen concentration at 500m depth in the CMIP6 multi model ensemble. The top 
left pane shows the dissolved oxygen concentration at 500m in the historical period (blue) and 
multiple future scenarios (green, yellow, orange, red). Each model’s range between the smallest 
and largest ensemble member at each point in time is shown separately as an overlapping semi-
transparent coloured band. The observational data range is shown as a black box. The black and 
pink vertical bars indicate the times where the historical and future periods are extracted. The top 
right pane shows the monthly climatology. The profile and difference panes show the depth 
profiles and the difference against the historical depth profile. The lower six panes show the 
historical period, the observational dataset, and the difference between the four future scenarios 
and the historical model ensemble mean. 

 



  

 
Figure 6b: The Oxygen concentration at 500m depth in the IPSL-CM6A-LR CMIP6 single model 
ensemble. The top left pane shows the dissolved oxygen concentration at 500m in the historical 
period (blue) and multiple future scenarios (green, yellow, orange, red). The range between the 
smallest and largest ensemble member at each point in time is shown separately as an 
overlapping semi-transparent coloured band. The observational data range is shown as a black 
box. The black and pink vertical bars indicate the times where the historical and future periods are 
extracted. The top right pane shows the monthly climatology. The profile and difference panes 
show the depth profiles and the difference against the historical depth profile. The lower six 
panes show the historical period, the observational dataset, and the difference between the four 
future scenarios and the historical model ensemble mean. 

 

pH 
Figure 7 shows the multi-model CMIP6 pH analysis for the MPA region. This is an indication of ocean 
acidity, where the lower the value of pH, the more acidic the water. Ocean acidification occurs when 
anthropogenic carbon dioxide in the atmosphere is absorbed by the surface waters and converted to 
carbonic acid. In the surface pH time series, there is a very tight agreement between models, but 
also between the models and the observations. Similarly, there is a very tight grouping for model 
forecasts. This is expected as the surface pH in oceanic waters is strongly linked to the atmospheric 
carbon dioxide concentration, and the atmospheric carbon concentration is a defining variable for 
the different emission scenario and is the same between all models. We do see some divergence in 
the depth profile, as this is less strongly linked to the forcing and is more influenced by physics in a 
similar way to oxygen at 500m shown in figures 6a and 6b. The pH in the MPA is projected to 
decrease until the end of the century in all scenarios, with some models projecting some recovery at 
the end of the century in the low emission scenario, SSP1-2.6. It is important to note that by mid-



  

century the climatological seasonal cycle of pH will be completely below the minimum pH in present 
day. 

 

 
Figure 7: The surface pH in the CMIP6 multi model ensemble. The top left pane shows the annual 
mean surface pH in the historical period (blue) and multiple future scenarios (green, yellow, 
orange, red). The range between the smallest and largest ensemble member at each point in time 
is shown separately as an overlapping semi-transparent coloured band. The observational data 
range is shown as a black box. The black and pink vertical bars indicate the times where the 
historical and future periods are extracted. The top right pane shows the monthly climatology. 
The profile and difference panes show the depth profiles and the difference against the historical 
depth profile. The lower six panes show the historical period, the observational dataset, and the 
difference between the four future scenarios and the historical model ensemble mean. 

 

Nutrients (nitrate and phosphate) 
Figures 8a and 8b show the CMIP6 ensemble nitrate and phosphate analysis, respectively. However, 
the phosphate CMIP6 ensemble only included one model dataset, the UKESM1 model. Not only does 
the UKESM1 includes both phosphate and nitrate, but it’s also the UK’s primary Earth System Model 
contribution to CMIP6. As JASMIN is a UK based computational service, UKESM1 data is more likely 
to be present on JASMIN than models from other countries.  

In the ensemble figure 8a and in table 3, we can see that for this variable there are many more 
models contributing to the historical data than to the future scenarios. Nevertheless, a decline in 
surface nitrate can be seen in all models individually.  



  

A similar decline can more easily be seen the UKESM surface phosphate in figure 8b. Changes in 
nutrient profile over the depth are generally small, except for intermediate waters where decrease 
of up to 4 mmol m-3 are projected, likely associated to changes in stratification. Due to the open 
ocean – low nutrients nature of the area, the absolute change in surface nutrient concentration 
shown in the surface map is small, however the change predicted by the models is about 50% in 
relative term. 

 
Figure 8a: The surface nitrate concentration in the CMIP6 multi model ensemble. The top left 
pane shows the annual mean surface nitrate in the historical period (blue) and multiple future 
scenarios (green, yellow, orange, red). The range between the smallest and largest ensemble 
member at each point in time is shown separately as an overlapping semi-transparent coloured 
band. The observational data range is shown as a black box. The black and pink vertical bars 
indicate the times where the historical and future periods are extracted. The top right pane shows 
the monthly climatology. The profile and difference panes show the depth profiles and the 
difference against the historical depth profile. The lower six panes show the historical period, the 
observational dataset, and the difference between the four future scenarios and the historical 
model ensemble mean. 

 



  

 
Figure 8b: The surface phosphate concentration in the UKESM1 single model ensemble. The top 
left pane shows the annual mean surface phosphate in the historical period (blue) and multiple 
future scenarios (green, yellow, orange, red). The range between the smallest and largest 
ensemble member at each point in time is shown separately as an overlapping semi-transparent 
coloured band. The observational data range is shown as a black box. The black and pink vertical 
bars indicate the times where the historical and future periods are extracted. The top right pane 
shows the monthly climatology. The profile and difference panes show the depth profiles and the 
difference against the historical depth profile. The lower six panes show the historical period, the 
observational dataset, and the difference between the four future scenarios and the historical 
model ensemble mean. 

 

Chlorophyll 
Figure 9 shows the CMIP6 ensemble mean chlorophyll analysis. Like the other marine 
biogeochemistry fields in the report, there is some divergence between model behaviour in the 
timeseries, where some models forecast a decline and others a rise in future surface chlorophyll in 
the MPA. The ensemble mean does not capture the present seasonal cycle seen in the observations 
here. In addition, the models project that the shape of the seasonal cycle of surface chlorophyll will 
change, from a single peak shape occurring late in the year, to a two peaks shape, one in around 
March and one between September and October. Looking at the spatial distributions, the ensemble 
means do a fairly respectable job at reproducing the historical observations. In the future, the 
ensemble mean shows a small gradual increase, but this is that the result of combining several 
models projecting a decrease in Chlorophyll and some projecting a strong increase. 

 



  

 
Figure 9: The surface chlorophyll concentration in the CMIP6 multi model ensemble. The top left 
pane shows the annual mean surface chlorophyll concentration in the historical period (blue) and 
multiple future scenarios (green, yellow, orange, red). The range between the smallest and largest 
ensemble member at each point in time is shown separately as an overlapping semi-transparent 
coloured band. The observational data time series is shown as a black line. The black and pink 
vertical bars indicate the times where the historical and future periods are extracted. The top 
right pane shows the monthly climatology. The profile and difference panes show the depth 
profiles and the difference against the historical depth profile. The lower six panes show the 
historical period, the observational dataset, and the difference between the four future scenarios 
and the historical model ensemble mean. 

 

Integrated primary production 
Figure 10a shows the CMIP6 ensemble integrated primary production analysis. Like similar fields, 
there is a divergence between models in their historical and future behaviour. The multi-model 
mean does closely match the observational mean over the recent historical past. However, the 
upwards or downwards trend is small in all models relative to the inter-model variability. The bulk of 
the observational climatology is captured in the ensemble mean of the historical period, with the 
caveat that the model bloom extends later in the year than in the observational record. In the wider 
region, all scenarios show a decrease in integrated primary production over the central Atlantic 
region, with the largest changes closer to the equator in SSP3-7.0 and SSP5-8.5. In the models, the 
primary production is influenced by nutrient availability (linked to the mixed layer depth), as well as 
linked to temperature and light. It is important to note that while the projected seasonal cycle of 
chlorophyll showed two equally important peaks, here the early peak is much smaller than that 
occurring later in the year. Relative to the chlorophyll in figure 9, the analysis of the integrated 



  

primary production benefits from a larger number of models, as shown in table 3. This means that its 
results can be considered to be a better representation of the CMIP6 projections as a whole.  

Figure 10b shows a single model analysis for the MPI-ESM1-LR model for the integrated primary 
production analysis. This model was selected as a highlight because of the diversity in the wider 
CMIP6 ensemble and because it is the most successful model at reproducing the historical 
observations. It can be used as a reference for a single instance of the analysis. This model forecasts 
a clear decline over the historical and future periods in the long time series, the climatology, and the 
spatial distribution. 

 
Figure 10a: The Integrated Primary Production in the CMIP6 multi model ensemble. The top left 
pane shows the annual mean depth-integrated primary production in the historical period (blue) 
and multiple future scenarios (green, yellow, orange, red). The range between the smallest and 
largest ensemble member at each point in time is shown separately as an overlapping semi-
transparent coloured band. The observational data time series is shown as a black line. The black 
and pink vertical bars indicate the times where the historical and future periods are extracted. The 
top right pane shows the monthly climatology. The lower six panes show the historical period, the 
observational dataset, and the difference between the four future scenarios and the historical 
model ensemble mean. 

 



  

 
Figure 10b: The Integrated Primary Production in the MPI-ESM1-LR single model ensemble. The 
top left pane shows the annual mean integrated primary production in the historical period (blue) 
and multiple future scenarios (green, yellow, orange, red). The observational data time series is 
shown as a black line. The black and pink vertical bars indicate the times where the historical and 
future periods are extracted. The top right pane shows the monthly climatology. The lower six 
panes show the historical period, the observational dataset, and the difference between the four 
future scenarios and the historical model ensemble mean. 

 

  



  

Part 2: Atlantic Equatorial Undercurrent Analysis 
The analysis of the Atlantic Equatorial Undercurrent is shown in Figure 11. Pane a of figure 11 shows 
the time evolution of the mean annual AEU flow in the historical and future scenarios, compared 
with observational estimates for the 2005-2019 period from Brandt et al. (2021). The average value 
of the AEU flow during the historical period is 16.3 Sv and ranges between 12.8 Sv and 21.5 Sv. This 
is well within the range of values reported in the literature, between 14.0 and 18.0 Sv (Hormann and 
Brandt 2007, Brandt et al. 2021). Little change is detected in the AEU flow during the historical 
period, but all future scenarios display a decrease in mean annual flow. The decrease is minimal in 
the more moderate climate change scenarios, for instance -0.07 Sv/decade in SSP1-2.6. More 
prominent changes are seen in the stronger climate change scenarios, -0.3 Sv/decade in SSP5-8.5. In 
the high emission scenario, SSP5-8.5, the AEU decreases by 6.1% by 2050 and by 14.2% by 2100. In 
all scenarios, the bulk of the change in the AEU flow happens in the second half of the century (see 
also Table 4). 

Brandt et al. (2021) looked at long-term mooring observations and detected a strengthening of the 
AEU by 20% in the 2005-2019 period. They attributed it to multidecadal climate variability that 
characterizes the equatorial Atlantic. This means that while a trend is observed over the 
observational period, the authors did not think it was likely to be caused by human activity, but 
rather it is part of the natural variability of the undercurrent. Whereas there’s no trace of such an 
upwards trend in the historical simulation, we point out how such a variation over such a relatively 
short time span (compared to the centennial timescale here represented) lies within the range of 
the multi-model ensemble and can be easily matched when looking at single ensemble members. In 
fact, as the authors of the study pointed out, the detected change is to be attributed to multidecadal 
variability rather than to long term (climate change related) trends. 

 

 % Change 
(2040-2050 vs 2000-2010) 

% Change  
(2090-2100 vs 2000-2010) 

Trend, Sv/decade 

historical - - -0.07 

SSP1-2.6 -1.8 -3.2 -0.07 

SSP2-4.5 -5.3 -7.6 -0.10 

SSP3-7.0 -6.4 -11.5 -0.15 

SSP5-8.5 -6.1 -14.2 -0.30 
Table 4: Change in the AEU in mid-century and end of century forecasts.  

The annual cycle of the AEU (2000-2010) is shown in pane b of Figure 11, along with the range of 
values reported by Brandt et al. 2021 (2005-2019). The multi-model mean shows a clear seasonal 
behaviour with lower transport in January-June and higher transport during July-December. While 
observations show a similar seasonal pattern, the amplitude of the seasonal difference is much 
higher in the models than in the observations. The models have a peak current more than double of 
the winter minimum while the average peak is about 20% higher than the minimum winter value in 
the observations. 

The depth velocity profile at the equator is shown in pane c of Figure 11. The model velocity profile 
agrees with observations in placing the bulk of the AEU between 50m and 200m depth (Brandt et al. 
2021), with models simulating a smaller peak velocity and a narrower current. A weakening of the 
AEU is observed in the future scenarios, taking place mostly at and below the AEU core. 



  

Panes e and f of Figure 11 show the comparison between the CMIP6 average profile and the AEU 
velocity profile along the AEU transect reconstructed from Brandt et al. (2021) at 23°W. Overall, the 
main features of the AEU are well captured by the models’ average even though the CMIP6 
ensemble average appears to overestimate the latitudinal extension of the current (together with 
smaller peak and depth extension shown also in figure 11 pane c. This is to be expected given the 
coarse resolution of the CMIP6 models and the fact that averaging over many members has the 
effect of smoothing out peak values. 

The remaining panes of Figure 11, panes g, h, i and j show the difference between the mean AEU 
velocity field in the four future scenarios for the years 2040-2050 and the historical ensemble in the 
years 2000-2010. Negative currents flowing from east to west were masked to highlight changes in 
the AEU alone. All scenarios show a weakening of the velocity field between 75m and 200m depth. 
This is partially counterbalanced by an increase in velocity at shallower depths. The future scenario 
that shows the maximum local change is SSP3-7.0, where the peak velocity decreases by around 0.08 
m s-1. This reduction in peak velocity is partly balanced by an increase in velocity in the shallower and 
northward region so that the annual mean current in this scenario by 2050 is close to that projected 
in the higher emission scenario (figure 11, pane a). After 2050, the two scenarios diverge with the 
strongest weakening of AEU being projected in SSP5-8.5. 

 
Figure 11: a) Atlantic Equatorial Undercurrent mean annual flow time series compared with flow 
estimated from observations (2005-2019). Solid lines are historical and scenario averages, shaded 
lines are individual models. b) Monthly mean AEU flow climatology for historical period and four 
scenarios (solid lines), the grey area represents the range of estimates from observations. c) 



  

monthly mean velocity depth profile at the equator for historical and four scenarios, compared 
with observational data (2008-2018), and d) difference between scenario and historical data. e) 
ensemble averaged AEU velocity at 23°W (2008-2015) and f) velocity field reconstructed from 
observations (2008-2018). g), h), i), j) velocity field difference between the four scenarios and the 
historical runs, maps show only eastbound velocity differences. All observational data from Brandt 
et al. 2021. 

 

Discussion 
The CMIP6 data projects that the MPA region will become warmer, more saline, more acidic, with 
less nutrients, less chlorophyll and less primary production. In most cases, these changes are more 
extreme in the future scenarios that include stronger emission of greenhouse gases and more 
significant climate change.  

These results suggest that the response of the MPA region to climate change will follow the 
traditional paradigm of open ocean regions: the increase in radiative forcing (heat) from the 
atmosphere will warm the ocean and increase surface evaporation. This will cause an increase in 
salinity and stratification, resulting in a shallower mixed layer depth. The forecasted decline in the 
Atlantic Equatorial Undercurrent reflects an overall weakening in the wider Atlantic and local current 
systems (Ritcher 2020, Eyring 2021), meaning that less water is being transported into the region at 
any given time. With a shallower mixed layer depth and less transverse currents, there is less mixing 
of deep nutrient rich water, and the average nutrients concentration at the surface is decreased. 
With less nutrients available in the well-lit surface layers, the primary production drops, as does the 
chlorophyll concentration. While we have not investigated it here, a similar drop in secondary 
marine production is also likely. Furthermore, ocean acidification is caused by a higher concentration 
of atmospheric carbon dioxide being absorbed by the surface layers.  

Our analysis of the evolution of the AEU flow indicates a possible substantial weakening of the 
current, depending on the scenario. In the scenarios that show the most intense weakening, the bulk 
of change happens in the second half of the century. This may be an element of concern as the AEU 
is responsible for bringing oxygenated surface water to the tropical subsurface layer (Duteil et al. 
2014, Hahn et al. 2017, Oschiles et al. 2018) and its variability has been linked to cycles of 
compression and expansion of the habitat of tropical pelagic fish (Stamma et al. 2012).  

Decadal and multidecadal variations in oxygen concentration in the tropical Atlantic are well 
documented and are thought to mainly result from the variability in currents redistributing oxygen 
(Brandt et al. 2015, Montes et al. 2016). Much of this variability is natural and linked to climatic 
cycles, and can indeed be substantial, to the point of obscuring the climate change signal if too short 
observation periods are considered, as demonstrated by the comparison of AEU observational flow 
timeseries with our multi-model mean. While it’s hard to predict in which phase will natural 
variability be in the coming decades, the climate change signal will still be superimposed to it. 

Oxygen Minimum Zones (OMZ) are regions where the oxygen concentration drops below 80 mmol 
m-3. Judging only on the results of this multi-model study, it is difficult to determine whether the 
MPA will develop into an OMZ at 500m, as several models are already significantly below this value, 
but this behaviour is not seen in the observational dataset. Those models that best match the 
observational data project a decline in the annual mean oxygen concentration at 500m, but the 
decline does not approach the OMZ cut-off value of 80 mmol m-3, therefore, it is unlikely that the 
Marine Protected Area will develop an OMZ at 500m. 

 



  

 

 

Most of the SSP scenarios do not diverge before the year 2050 in this region, but the direction of 
travel in the year 2050 is significant and can point to a wide range of different climate futures in the 
second half of the century. It is a feature of each of the forcing scenarios that they are not expected 
to diverge in the first half of century. This choice reflects the inertia and challenge of changing our 
current socio-economic energy system.  

 

Limitations 
The analysis presented here have few limitations that can be categorised into methodological 
limitations, model and data limitations and scientific limitations. 

Methodological limitations 
In contrast to our original plan, we are not able to provide 5-95 confidence ranges for these time 
series as there was not a sufficient number of models. Instead, we have shown the range of each 
modelled ensemble as its own shaded area. This allows a higher granularity and makes the figure 
easier to understand that if we simply showed a multi-model mean and the 5-95 percentile range.  

Individual models often show clear behaviour, but the subtleties are sometimes lost when we look at 
the mean of a diverse group of models. This effect can be seen in the oxygen, integrated primary 
production and chlorophyll figures. Individual models show rises and falls, but the range of the inter-
model variability overwhelms the minor differences. In some cases, a single model with a substantial 
change can overwhelm the consensus of the other models, for instance in the chlorophyll analysis.  

Model and Data limitations 
CMIP6 models typically have a resolution around 1 degree by 1 degree. This means that the area 
around the Ascension Island MPA is a grid of approximately 6x6 or 7x7 pixels. Ascension Island itself 
is not represented in these models, so it can not accurately capture local sub-grid-scale circulation 
patterns. In addition, we assumed a square MPA instead of a circular one. However, we do not 
believe that the small difference in area should affect the results.  

As shown in table 3, the number of models and ensemble members varies significantly between 
analyses and scenarios. It is beyond the scope of this report to weight model behaviour according to 
their skill, but future studies could objectively judge models according to their historical 
performance and use this to determine how to weight the final mean. Alternatively, looking at each 
model’s internal structure and design decisions could help with subjective judgements of model 
performance. For instance, future studies may choose to focus only on models that have sufficiently 
complex marine biogeochemistry models.  

We were limited to the data that was available on JASMIN through its connection to BADC. This may 
not include all data from all CMIP6 models. In addition, several models whose data was present 
were not accessible due to technical problems, non-standard formatting, missing years, or similar. 
Similarly, we were limited by the scarcity of the observational record in the region.  

While we made every effort to maximise datasets, it may be possible to include additional models, if 
the data were to become available on JASMIN or elsewhere. Alternatively, this work could be 
revisited in a few years when data from the next round of the CMIP project, CMIP7, becomes 
available. 



  

 

Scientific limitations 
These analyses have raised several instances where model forecasts diverge, for instance in 
chlorophyll or oxygen. Some models forecast a rise and other forecast a fall. It is not within the 
scope of this report to examine in detail the model design decisions that led to this rise or fall in the 
region. However, it may be possible in future work to unpick these results and determine which 
forecasts may be more reliable.  

One aspect that this study highlighted was the significant divergence between marine 
biogeochemistry models in CMIP6 in this region. CMIP6 is not built to study the marine ecosystem, 
and as such the range of models is fairly limited to relatively simple and moderate complexity 
models. A bespoke high-resolution model of the region using a state-of-the-art complexity marine 
ecosystem model, such as ERSEM (Butenschön 2016), would allow a more in-depth analysis of the 
behaviour in the MPA. 

Within the real-world Ascension Island marine protected area, fishing was stopped in 2019. This 
means that one would naively expect there to be more fish there in the future. However, the 
authors are not aware of any CMIP6 model that explicitly include either fish or fishing behaviour. 
This is in part due to the relative simplicity of the CMIP6 marine biogeochemistry models. In 
addition, the format and forcing for ScenarioMIP was decided in 2016, and the MPA was not 
formally created until 2019. This means that any positive or negative feedbacks that may occur due 
to the existence of the MPA will not be included in this analysis.  

Beyond these results, it may be possible to expand this work to include additional fields in the 
future. CMIP6 contains a lot of data and there may be more data available beyond what was shown 
in this report. For instance, a future study could look at a higher time resolution such as weekly or 
daily data. It could include atmospheric datasets like wind, air temperature, cloud coverage or dust 
deposition. It could expand the ocean analysis by including sea level rise, water density, currents 
inside the MPA, silicate, phytoplankton, or zooplankton biomass. Beyond that, more complex 
analyses beyond a study of bulk properties and currents may also be possible, for instance a study 
on emergent properties such as phytoplankton community structure, stoichiometry or the Carbon to 
Chlorophyll ratio (de Mora 2016). 

Future expansions of this work could generate a bespoke hydrodynamic model of the region, which 
would allow a significantly more in-depth analysis of the MPA. Similarly, a 1D water column model 
could be generated for the MPA, but use a more complex marine BGC model, such as ERSEM. 
Alternatively, it could be possible to use CMIP6 data to drive an offline fish model for the MPA. 

 

Conclusions 
We investigated the Ascension Island Marine protected area in CMIP6 data for the historic period 
and several future scenarios. The CMIP6 data project that the MPA region will become warmer, 
more saline, more acidic, with less nutrients, less chlorophyll and less primary production. In most 
cases. These changes are more extreme in the future scenarios that are associated with the stronger 
emission of greenhouse gases. However, even in the most sustainable projections, there is still 
evidence that these changes will likely occur.  



  

Most of the multi-model ensemble mean future projections do not diverge significantly before the 
year 2050 in this region, but the direction of travel in the year 2050 is significant and can point to a 
wide range of different climate futures in the second half of the century.  

 

Data Availability 
The data generated through this report is available in a mix of netcdf and csv formats. The bulk fields 
are included individually, where each multi-model ensemble mean is included as a separate csv file 
for the timeseries, climatology and profile field. Each multi-model ensemble mean 2D map is 
included as a separate netcdf file.  

The AEU data is available as netCDF files containing multi-model mean, standard deviation, 
minimum and maximum for yearly and monthly average flow values as well as yearly vertical 
velocity profile at the equator and full velocity field at 23°E, between 3°S and 3°N and between the 
surface and 500m depth. 
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