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Summary of project objectives
(10 lines max)

The integration, testing and tuning of components in EC-Earth 3 are representing a major effort in the
development of the model in the framework of this project. During the third phase of the project, main
objectives were to tune different versions and configurations of the model and to finalize features and
forcing necessary for CMIP6.

Summary of problems encountered (if any)
(20 lines max)

We did not experience major technical problems with the computing environment.

Summary of results of the current year (from July of previous year to June of current

year)
This section should comprise 1 to 8 pages and can be replaced by a short summary plus an existing

scientific report on the project
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Model development

Significant work has been performed since the beginning of this special project for developing EC-Earth v3 (based on IFS
cy36r4 and NEMO 3.6), with aim to reach a well-tuned Earth-System-Model, suitable for performing CMIP6 simulations
and addressing a wide range of scientific questions. Almost 200 issues have been opened and addressed on the EC-Earth
development portal, accompanied by the necessary numerical experiments, since the beginning of this SP in 2015. A tight
schedule of model releases has been followed in the past months including EC-Earth 3.2.1 in December 2016 (used for
AMIP tuning) and EC-Earth 3.2.2 in March 2017 (used to test and tune the coupled model). Resources provided by this SP
have been essential to achieve this goal, with a final, greatly improved, release of EC-Earth v3 suitable for CMIP6 and
other projects planned for this summer.

In particular owing to the need to keep to this deadline, in the past few months it has been necessary to perform a large set
of AMIP and coupled numerical simulations with the model using the project resources. The simulations which have been
performed include long coupled model runs both at standard (T255L.91/ORCA1), high (T5111.91/0RCA025) and low
(T159L620RCA1L75) resolutions, over decades and hundreds of model years respectively. In particularly AMIP tuning of
the standard and high-resolution versions of the model and long coupled runs at standard resolution (needed to investigate
and fix energy conservation issues between the atmosphere and the ocean) had a consistent impact on the use of resources.
Still, the use of the resources of this SP has allowed to reach solutions for all these issues.

The bulk of the tuning work was dedicated to testing of parameter combinations with central tuning targets in the radiative
and heat flux balances at the TOA and between the ocean and the atmosphere. Also, global mean temperatures and
precipitation and evaporation has been considered. As a result, we have well-balanced atmosphere standalone
configurations, which currently serve as the base for further coupled tuning, which involves solving issues of ocean
circulation, ocean temperature and sea ice cover.

Another important component of the SP usage was the implementation and testing of CMIP6 forcing functions into the
different components and configurations of the ESM. Below we show selected exampled of specific tuning and testing
work.

Albedo of the Greenland ice sheet

The importance of albedo parameterization for the
surface mass balance of the Greenland ice sheet in EC-
Earth has been tested by Helsen et al. (2016). The albedo
of the surface of ice sheets changes is a function of time,
due to the effects of deposition of new snow, ageing of
dry snow, bare ice exposure, melting and runoff.
Currently, the calculation of the albedo of ice sheets is
highly parameterized within the Earth System Model EC-
Earth, by using a constant value for areas with thick 050 0ss 0.0 06 o7 078 080 oss 0%
perennial snow cover. This is an important reason why
the surface mass balance (SMB) of the Greenland ice
sheet (Gr1S) is poorly resolved in the model. The purpose
of this study was to improve the SMB forcing of the
Gr1S, by evaluating different parameter settings within a
snow albedo scheme. The resulting SMB is downscaled
from the lower resolution global climate model
topography to the higher resolution ice sheet topography
of the GrIS, such that the influence of these different
SMB climatologies on the long-term evolution of the
GI1S is tested by ice sheet model simulations (Fig. 1). C
This results in an optimised albedo parameterization that #* * =2 -o® 0w om S0 08 w0 esowmooeE e

i . i i i Figure 1. Average JJA albedo (1990-2012) from EC-Earth for the "Sto" scheme (a), "Cph" scheme
Fal’l be l:lsed. in future EC-Earth simulations with an (b) and the "Utr-8" scheme (c). Difference with JJA albedo from RACMO2 (Van Angelen et al., 2014)
interactive ice sheet COITIpOHEIlt, is shown in (d-f). Albedo is only shown for the ice sheet surface type, i.e. grey land area is outside the

ice sheet domain in EC-Earth.
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Implementing of primary biological aerosol particles (PBAP)

Treatments of emissions of primary biological aerosol particles (PBAP) were implemented in the global Earth System
model EC-Earth. These emission schemes were improved to account for the strong peaks of PBAP concentrations in
connection to precipitation events, which has been measured recently. The model is now able to treat the emission of
bacteria, spores (Fig. 2) and pollen in dependency of precipitation, 10m wind speed, relative humidity, season, vegetation
type, vegetation cover, and leaf area index. Sensitivity studies on the degree of detail of the PBAP emission
parameterization were conducted. The resulting concentration fields of the three PBAP were compared between the
different sensitivity setups and, more generally, to the rare available measurements. The model is applied for a set of
sensitivity studies concerning the degree of detail of the enhanced PBAP emission parameterizations. The global
simulations were conducted for one year (2006) with a 3°x2° horizontal resolution.
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Figure 2. Modelled bacteria (upper) and spores (lower) number concentration without (left) and with emission
additionally triggered by precipitation (middle), and relative difference between both.
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Tuning of the Atlantic Meridional Overturning Circulation (AMOC)

The Atlantic Meridional Overturning Circulation (AMOC) after implementation of the latest NEMO versions in EC-Earth
3.2 appeared to be much too weak at a level of about 9 Sv, while 17 Sv are the observational target for recent climate
conditions. The problem was found in both low resolution (T159L620RCA1L75) and standard resolution
(T255L910RCALY75) configurations, while the high resolution configuration (T511L.91/ORCAO025) shows a higher
AMOC.
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Intensive testing was carried out to find solutions for the problem of a too weak AMOC. This included mixing
parameterization, runoff and ice calving descriptions, sea ice parameterizations and dynamic parameterizations with repect
to coastal currents. Solutions appear to be related to ocean mixing underneath the top mixed layer. Recent configurations
do now show an AMOC of 13-15 Sv (Fig. 3), which is subject to further improvement.
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Other testing and tuning activities

Further simulations under the SPNLTUNE account have been carried out to

- implementing and testing CMIP6 stratospheric ozone and aerosols: the EC-Earth code has been modified to read the
CMIP6 data sets and remap them to the IFS grid. Testing these implementation required running the model for few years
with the old and new forcings and to compare the results. Additional small runs tested the robustness of the code with
different setup (random start date, various run length, etc).

- prepare ERA-20C 1950 initial conditions: data sets were retrieved through MARS requests, modified to account for EC-
Earth land characteristics (e.g. orography). Spin up runs of 20 years were needed to stabilize the soil moisture. This was
done at standard and high resolutions.

- configure the AMIP-reader for fixed year application

- test and merge atmospheric nudging functionality

- test and merge aerosol forcing for GCM configurations (MACv2-SP)

- testing and syncronizing trunk and tuning branches

- implementing and testing a new description of Secondary Organic Aerosol (SOA) formation from monoterpenes and
isoprene.

- A new particle formation was improved by a scheme taking into account both monoterpenes and sulfuric acid.

- testing and tuning of the low-resolution of the new EC-EARTH versions, i.e. v3.2.1/3.2.2 in the T159L620RCA1L75
configuration. Tuning was started based on parameters obtained from previous AMIP tunings at standard resolution
T255L910RCAL75, and continued by coupled simulation tuning at low resolution. Central tuning targets were the

radiative balances at TOA and at the interface between ocean and atmosphere for recent climate. Tuning details of the
experiments and the corresponding namelists are summarised on the EC-Earth portal.

List of publications/reports from the project with complete references
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Summary of plans for the continuation of the project
(10 lines max)

The EC-Earth consortium will apply for a new SP.
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