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Goal and Motivation
To develop a fast method to simulate the evolution of the stratospheric ozone layer and its coupling to the
climate system. We are building a fast emulator of complex atmospheric-ocean global climate models (see
schematic figure to the left) using The MAGICC simple climate model1,2 + A novel semi-empirical module
that describes the key processes governing stratospheric ozone.
With this method it will be possible to simulate the evolution of the ozone layer for a wide range of ozone
depletion substances and greenhouse gas emission scenarios, and also conduct ensembles of simulations to
cover the uncertainties related to climate simulations. Here we use the four RCP (Representative
Concentration Pathways) scenarios RCP2.6, RCP4.5, RCP6 and RCP8.53 to study the return of stratospheric
ozone to 1960 levels.

+ 𝜀𝑖 (1)

The fit coefficients α, β, δ, γ and ε are derived by
fitting the equation to chemistry climate model
output for each latitude, where the subscript i
refers to latitude indices. More specifically daily
mean SCO and EESC’ calculated from three
dimensional EMAC output, and CO2 following the
RCP8.5 emissions scenario were used to derive
the fit coefficients.

where t is the day of the year, s is the number of
steps per year and M is the number of Fourier pairs
in which the fit coefficients are expanded.
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Figure 3. Daily SCO
calculated with coefficients obtained from
Eq. 1, trained on EMAC data following the RCP8.5 scenario (red line)
and stratospheric column ozone calculated from EMAC output (blue
line). Here M in Eq. 2 is set to 4 for ε and 2 for the other coefficients.

Radiative Forcing
We use a similar technique to determine the
functional dependence of radiative forcing (RF) on
SCO’:
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The coefficients σ, η, υ, and ρ are derived by fitting
Eq. 3 to SCO’ and corresponding RF obtained from
the ozone database generated by Cionni et al.4.
The SCO’ are averaged over three zones: 90-60◦,
60-30◦ and 30-0◦ (over both hemispheres).
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Figure 2. SCO for October of three selected years as obtained from the
EMAC simulations based on the RCP8.5 scenario. Top figure shows
1960, middle figure 2000 and bottom figure 2080.
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Interactive Stratosphere in MAGICC
Currently in MAGICC radiative forcing from
stratospheric ozone changes depends only on EESC.
Here we implement an interactive stratosphere as
follows:
• Coefficients obtained from Eq. 1 are used to
calculate SCO’ (Fig 3) within MAGICC. The global
annual CO2’ and EESC’ required by Eq. 1 are
provided by MAGICC.
• Coefficients obtained from Eq. 3 are used to
calculate RF from SCO’ within MAGICC. Annual
SCO’ required by Eq. 3 is calculated within
MAGICC, as described above.
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In MAGICC, key parameters are calibrated for 19
different atmosphere-ocean general circulation
models (AOGCMs). With 10 carbon cycle parameter
sets for each one of the AOGCM parameter sets, we
are able to run 190 ensemble members for any one
RCP emissions scenario. We have done a
probabilistic study of the return of SCO to 1960
levels (Fig. 4).
• SCO returns earlier to 1960 levels under the
RCP8.5 scenario than under the RCP2.6 scenario.
• SCO returns around 2020 to 1960 levels in the
northern hemisphere.
• SCO returns to the 1960 levels at the earliest
2050 (RCP8.5) in the southern hemisphere.

Number of simulations

𝑆𝐶𝑂𝑖 =

′2
𝛽𝑖 𝐶𝑂2

α2𝑘−1 sin

𝑡
α𝑘 cos(2π𝑘 )
𝑠

SCO [DU]

Stratospheric Ozone
A regression model, using a least squares fit, has
been used to determine the dependence of
Stratospheric Column Ozone (hereafter referred
to as SCO) on CO2’ (where the prime stands for the
anomalies w.r.t. 1960) and equivalent effective
stratospheric chlorine anomalies (EESC’), as
follows:
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Figure 1. Schematic figure over climate models.

Probabilistic study of return of SCO to 1960 levels
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To match the seasonal variations of SCO the
coefficients are expanded in a Fourier series, i.e.,
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Figure 3. Annual mean SCO anomalies w.r.t. 1960 calculated within
MAGICC under the RCP2.6 (top) and RCP8.5 (bottom) scenarios .

Figure 4. Probability density functions of the return of SCO to 1960
levels for 190 MAGICC simulations based on RCP2.6, RCP4.5, RCP6
and RCP8.5 emission scenarios.

Outlook
• The coefficients for RF have been determined by
training Eq. 3 on ozone and RF values from Ref. 3.
These coefficients need further evaluation and
are not presented here. The coefficients will be
used to calculate the RF from SCO’ in MAGICC.
• We will investigate if we can get a better
representation of SCO in the polar regions using
a stratospheric model called SWIFT (SemiEmpirical Weighted Iterative Fit Technique).
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