Long-term data sets of ozone derived
from observations
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Motivation
The New Zealand Earth System Model (NZESM) is designed to simulate how our climate will change over the coming decades. These projections enable policy-makers to plan for changes in
diverse aspects of climate including its impact on agriculture and resources such as water and power. NZESM is complex and requires high fidelity in all of its components. In this project, we
constructed global observation-based records of ozone and other gases that absorb or emit solar radiation, such as water vapour. To do that, we used measurements of these gases from
multiple satellite-based instruments that cover the target observation period (1979 to 2016). These global observation-based records of ozone and other gases are essential to evaluating the
ability of NZESM to correctly simulate changes in the stratosphere, which are known to affect surface climate.

Satellites and temporal coverage

Figure 1: Temporal coverage of the different data sources used to create
the BSVertOzone (red) and BSVertWater (blue) databases.

We have constructed long-term (19792016) vertically resolved databases of
ozone and water vapour by combining
measurements from multiple satellites
(Figure 1). The databases consist of
mean monthly zonal means (5º latitude
zones). While ozone concentrations
are provided both in number density
and mixing ratios on 70 altitude (1 to
70 km) and 70 pressure levels, water
vapour is only provided in mixing ratios
and in the stratosphere. Offsets and
drifts between different sources are
removed
through
inter-satellite
comparisons.

Bias and drift correction










Each measurement from a selected satellite instrument is adjusted with respect to a
‘gold standard’ (Figure 2).
For ozone, SAGE II measurements are chosen as standard above 15 km, ozone
soundings below 15 km, while AURA MLS data are chosen as the gold standard for
water.
SLIMCAT CTM simulations are used as a transfer standard for adjusting measurements
to the standard.
Homogenization is then a sequential process where adjusted measurements are added
to the standard before the measurements of the next instrument are adjusted.
Uncertainties on the monthly mean zonal means are calculated with a combined error
propagation and bootstrapping.

Monthly mean zonal mean water vapour
Figure 5 shows the monthly mean zonal mean water concentrations at four different
pressure levels and latitude bands after the homogenisation has been applied to the full
data set. The data sets are compared with the SWOOSH database (Davis et al. 2016),
showing:
 Good agreement but some differences up until 2005 (when AURA MLS measurements
become available) in the Southern mid-latitudes are apparent. These differences are
most likely caused by differences in the homogenization approach and data sources.


Figure 2: Monthly mean zonal mean ozone mixing ratios from different data sources (color coded as shown in the legends) at
182hPa between 25°N and 30°N. Left panel: Unadjusted time series and right panel: adjusted, bias corrected, time series. The
standard to which the measurements were adjusted to are the ozonesonde measurements at this level.

All measurements used in SWOOSH and BSVertWater were adjusted to AURA MLS
data.

Monthly mean zonal mean ozone
Figure 3 shows the monthly mean zonal mean ozone concentrations at 182 hPa between
25ºN and 30ºN, before and after the homogenisation has been applied to the full data set.
Regression-model based methods are used to gap-fill the ozone data set to create a filled,
global, zonal mean monthly mean database. Different tiers of data set are generated that are
better suited to test different aspects of NZESM simulation of ozone (Hassler et al. 2018).
Comparisons of BSVertOzone with the SWOOSH database (Davis et al. 2016) shows:


Overall good agreement but some
differences in the lower stratosphere of the
Southern mid-latitudes are apparent. These
differences are most likely caused by
differences in the homogenization approach
and data sources.



While all measurements used in SWOOSH
were adjusted to SAGE II data at this
pressure
level,
measurements
in
BSVertOzone were adjusted to ozone
soundings.

Figure 5: Comparisons between SWOOSH (blue), BSVertWater (orange) for four different latitude bands and pressure levels.

Simplified recommendations for SAGE II ozone
While space-based measurements provide consistent, global, long-term measurements of
radiatively active trace gases, they are indirect (based on optical properties of their targets)
and therefore confounded by non-target gases and particulate matter. As a result, our ability
to accurately detect small, but important, changes in concentrations of constituents, such as
ozone, is challenged by measurement uncertainties. Since space-based measurements of
stratospheric composition started, a plethora of ‘generally accepted’ screening methods have
been developed, tailored to each measurement system and to each anticipated use of the
data. These methods are often inconsistent, ad-hoc, and untraceable, and seldom revised
even after significant revisions to the data themselves.
As SAGE II measurements are the longest continues time series of ozone (20 years of
measurements performed by one instrument), they are widely used in trend analyses.
Artifacts, outliers and inconsistencies in the observations lead to uncertainties in the trend.
We have developed new and simplified SAGE II ozone data usage rules which are based on
how the measurements were made. This new approach results in a more robust elimination
of potentially erroneous data. The number of screening rules reduced from 12 to two (Fig. 6).

Figure 6: Ozone number density as measured by SAGE II at 24 km between 55°N to 65°N (left) and 5°S to 5°N (right). Data that are
removed by the set of ‘old’ and new rules are shown in orange. The set of new rules remove a higher number of erroneous data.

Figure 3: Monthly mean zonal mean ozone mixing ratio at
182hPa between 25°N and 30°N as calculated from all data
sources before (orange line) and after (blue line) the
homogenization process has been applied to the source data.

Figure 4: Comparisons between SWOOSH (black line),
BSVertOzone Tier 0.5 (blue line) and BSVertOzone Tier 1.4
(red line) for three different latitude bands and three
different pressure levels as indicated.

Summary


The BSVertOzone database is unique within the collection of available vertically resolved
ozone datasets as it includes ozone profile measurements that cover the troposphere
and the lower/mid stratosphere.



Offsets and drifts between the measurements from different instruments are quantified
and accounted for in this database, and uncertainties on MMZM covering all processing
steps
are
provided.
The
ozone
database
is
freely
available
at:
https://doi.org/10.5281/zenodo.1217184



The BSVertWater database is unique in a sense that uncertainties were propagated from
the individual measurements to the final data product, e.g., a monthly mean zonal mean
value.



Similar to BSVertOzone and BSVertWater, we constructed a stratospheric data set of
nitric acid (HNO3), which can be used to evaluate NZESM simulations.
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