
Creating Global, Gap-Free Stratospheric 
Datasets for Montreal Protocol Assessments
Sandip Dhomse & Martyn Chipperfield (Uni. Leeds, UK)

Aim: To construct good quality observation-based data for 

the envi. monitoring & chemical model evaluations

• CFC11 V2 : https://doi.org/10.5281/zenodo.18145730
• CFC12 V2 : https://doi.org/10.5281/zenodo. 18147392
• CH4  V2    :  https://doi.org/10.5281/zenodo.18197333  
• N2O V2    :  https://doi.org/10.5281/zenodo.18197444
• HCl  V2     :  https://doi.org/10.5281/zenodo.18184430
• HF  V2      :  https://doi.org/10.5281/zenodo.18184779
• HNO3 V2 :  https://doi.org/10.5281/zenodo.18199002
• O3 V2      :  https://doi.org/10.5281/zenodo.18199586
• H2O V2   :  https://doi.org/10.5281/zenodo. 18199962
• COF2 V2  :  https://doi.org/10.5281/zenodo. 18201786
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• Main objective is to 
improve our 
understanding about 
sources/sinks/radiative 
forcing from 
Halocarbons and GHGs

• We need good quality 
profile data to improve 
those estimates
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TCOM- TCOMCAT CTM and Occultation 
Measurement Based Data 
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CFC11 - XGBoost Performance for all 5 latitude bins
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Comparison with SPARC data 
(Hegglin et al., 2021)

CFC-11
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CFC-12
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HNO3
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Methane
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HF
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HCl



Methodology
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• ACE observations are divided in 5 latitude bins (two polar, 
two mid-lats and tropics)

• Model output is sampled at ACE-measurement 
collocations

• Model output fields are interpolated at ACE vertical grids 
(1 km resolution)

• Target (y) – ACE CFC11 or CFC12 measurements at given 
level and latitude bins

• Feature Matrix (or X) – TOMCAT tracers such as 
measurement errors, O3, CH4, HNO3, N2O, NO2, CFC11, 
CFC12, CFC113, ….., PV, temp, latitude, measurement time  
(total 26)
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Micro-windows used to retrieve CFC11 & CFC12



Feature Importances - SHpol
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• Basic chemistry/transport is good
• Some transport-related variables are also important
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Summary and Outlook
• We use machine learning algorithm to estimate biases in chemical model output w.r.t. occultation 

instrument measurements.  

• Bias-corrected, daily, global zonal-mean gap-free data at 1 km vertical resolution (5-50 km) are publicly 

available for 2000-2023.

• XGBoost (and other regression model) performance or correction estimates are better for high latitudes but 

not significant in the tropics (ACE viewing geometry means fewer measurements in the tropics)

• Updates of following data sets are released  (V2.0)

➢ O3 (v2.0) https://zenodo.org/records/18199586

➢ H2O (v2.0)  https://zenodo.org/records/18199962

➢ CH4 (v2.0)  https://zenodo.org/records/18197333

➢ N2O (v2.0)  https://zenodo.org/records/18197444

➢ CFC-11 (v2.0)    https://zenodo.org/records/18145730

➢ CFC-12 (v2.0)    https://zenodo.org/records/18147392

➢ HF (v2.0)   https://zenodo.org/records/18184779

➢ HCl (v2.0)  https://zenodo.org/records/18184430

➢ HNO3 (v2.0)   https://zenodo.org/records/18199002

➢ COF2 (v2.0)   https://zenodo.org/records/18201786
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Extra slides

s.s.dhomse@leeds.ac.uk 16



s.s.dhomse@leeds.ac.uk 17

CFC113
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COF2
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COF2
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COClF
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COCl2



Multivariate 
Regression 

• Y - response →  Target – difference between TOMCAT and ACE-FTS 
measurements

• X1, X2, X3 - predictors → Features → Variables that might explain observed 
biases

• Find optimum betas so that we can estimate differences for all the 
gridpoints in TOMCAT CTM
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e.g. Chipperfield, 2006; Dhomse et al., 2015; 2016; 2019; Feng et al., 2011; 2021; Li et al., 2020; 2022…

• Model simulation (ERA5) forced with ECMWF ERA5 reanalysis (2000 - 2025)

TOMCAT – Chemical Transport Model
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A global 3-D 
Off-line 

chemical 
transport 

model (CTM)

Vertical 
motion from 

reanalysis 
(TOMCAT) or 

diagnosed 
heating rates 

(SLIMCAT)

tomcat.leeds.ac.uk/tomcat

https://tomcat.leeds.ac.uk/tomcat/
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