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Figure 32. Upper tropospheric ethane trends from observations, the model (Model: sum of all 

sectoral emissions) and model optimization (Model_opt: sum of all optimized sectoral emissions; 875 

sector abbreviation ends with “opt”: individual optimized sectoral emission),  and climatology and 

model optimization for (a) the whole NH; (b) North America; (c) Asia; and (d) Europe. Light 

shadows indicate trend analysis uncertainty.  
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Figure 3. Sectoral contribution to ethane trends for the (a) upper troposphere and (b) stratosphere 

in 2006-2016. 885 
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Figure 4. Observed trends and Omodeled optimized (“opt”) geographical sector contribution 

(emissions originated from EUR, ASI, NAM, and ROW) to NH upper tropospheric ethane trends 890 

for (a) the whole NH; (b) North America; (c) Asia; and (d) Europe. Light shadows indicate trend 

analysis uncertainty. “Model_opt” indicates the sum of all optimized emission sectors. 
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Figure 5. The observed (a) ethane; (b), methane; (c) and propane mole fractions (gray dots) and 

trends (blue lines) for the whole NH upper troposphere. Light shadows indicate trend analysis 

uncertainty.  
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Figure 5. Observations and optimized model simulations for ethane mixing ratios at two ground 905 

stations (MLO, HPB). 
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Figure 6. Stratospheric ethane trends from observation, model (Model: sum of all sectoral 

emissions) and model optimization (Model_opt: sum of all optimized sectoral emissions; sector 
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abbreviation ends with “opt”: individual optimized sectoral emission),  and climatology and model 915 

optimization for (a) the whole NH stratosphere; (b) North America; (c) Asia; and (d) Europe. Light 

shadows indicate trend analysis uncertainty. 

 

 

Figure 7. Observed trends and modeled optimized (“opt”) Optimized geographical sector 920 

contribution (emissions originated from EUR, ASI, NAM, and ROW) to stratospheric ethane trends 
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for (a) the whole NH stratosphere; (b) North America; (c) Asia; and (d) Europe. Light shadows 

indicate trend analysis uncertainty. “Model_opt” indicates the sum of all optimized emission 

sectors. 
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Figure 8. The observed (a) ethane, ; (b) methane; (c)  and propane mole fractions (gray dots) and 

trends (blue lines) for the whole NH stratosphere. Light shadows indicate trend analysis uncertainty. 
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