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doi:10.1038/nature13857, 2014

The Northern hemisphere anomaly [2007-2011] is explained by a slowing down 
of the atmospheric circulation in the lower stratosphere, ultimately leading to a 

change in the balance between the chlorine sources and reservoirs

Hydrogen chloride (HCl)

Smooth 
evolution in the 
troposphere
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Information from another long-lived 
stratospheric tracer is used to remove 
dynamical effects: the trend is then found 
close to the expected value of -0.5%/yr in the 
whole range (red vs blue curves), statistical 
uncertainty is also reduced.

Alternatively and when sufficient vertical 
information is available, one can use 
measurements in the mid- and/or upper 
stratosphere; here again, the trend is closer 
to the expected value and the uncertainty 
significantly lower (error bars).

Bernath & Fernando, JQSRT, 
217, 2018; ACE-FTS dataStolarski et al., ACP, 18, 2018; 

MLS data

20 km

30 km
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Froidevaux et al., ACP, 15, 
2015; GOZCARDS data set

HCl rate of change as a 
function of altitude and 
latitude, from the 
GOZCARDS merged 
satellite data set: more 
consistent and robust 
trends are derived in the 
upper stratosphere, for all 
latitude bins
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Ø Fourier Transform Infrared 
(FTIR) instruments

Ø operated year-round 
under clear-sky conditions

Ø interferograms ó (FT) 
broadband high-resolution 
IR solar absorption spectra

Narrow spectral ranges, or micro-windows are 
analyzed with the SFIT-4 retrieval software, 

implementing the OEM method (Rodgers, 2000)

Ø Area of the lines
=> total columns

Ø Shape of the lines 
=> concentration 
profiles
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Leading Eigen Vectors of the averaging kernel matrix

The red Eigen 
vector indicates 
that we can 
distinguish 
between HCl partial 
columns below and 
above ~23 km 
(where it crosses 
the “zero line”)
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Partial column time series of HCl above and below 23 km

The 2007 minimum 
is absent from the 
“upper” time 
series; overall, the 
year-to-year 
variability is lower 
in mid/upper 
stratosphere and 
we observe a more 
monotonous 
decrease of HCl

Non parametric estimation of the HCl trends (green) 
and their corresponding confidence bands (95%; red)
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Partial column time series of HCl above and below 23 km
A 2°x2.5° simulation 

was performed with 

the 3-D CTM BASCOE 

model, driven by ERA-

Interim, with lower 

boundary conditions of 

Meinshausen et al. 

(GMD, 10, 2017).

Agreement btw the 

FTIR and BASCOE time 

series is good, albeit a 

systematic bias of 20% 

for the  mid-upper 

stratospheric columns
Non parametric estimation of the HCl trends (green) 

and their corresponding confidence bands (95%; red):
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++ We use a bootstrap method 

(“autoregressive wild bootstrap”) applicable 

to correlated data sets

++ A linear function combined with a 3-term 

Fourier series is used

Relative rates of change (%/yr) for the HCl partial 

column time series above and below 23 km
• We note a very 

good  agreement 

for the FTIR and 

BASCOE trends

> 23 km

• The rates of 

change are 

consistent with 

ACE-FTS, MLS and 

in situ surface 

findings (-0.5%/yr)

• The trends for the 

lower stratosphere 

are much more 

noisy and less 

consistent/robust
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FTIR [1997-2018]
> 23 km
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FTIR [1997-2018]
> 23 km
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