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 Andreas Zahn and the IAGOS team 

“IAGOS-based” approach for improving 

atmospheric process understanding / quantification 

IAGOS data based improvement of atmospheric processes ? 

● No case studies 

● Categorization of IAGOS-data … to stastically evaluate 

 Occurrence frequency of processes (phenomenon, chemical fingerprint) 

 Together with strength/magnitude assessment of importance 

 … „which process matters“? 

● Assessment of (process-related) performance of models and impact on radiative budget 
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Example 1: H2O relative to mid-latitude tropopause 

35 – 80°N, (227 ± 20) hPa 

summer (JJA) summer (JJA) 

TTL 

air LCP at ~15 km 

1-2 weeks 

before sampling 

WCB 

air LCP at 11 km  

just before / 

during sampling 

background 

stratospheric air 

LCP at >16 km  

≥ 3 months 

before sampling 

Zahn et al., Processes controlling H2O in UTLS, JGR, 2014 

Where a model does a good job, 

where a bad one, and why? 

5-d back 

~11 km 
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Example 2: impact of biomass burning in UT (CO, acetonitrile) 

BB plume identification  

CO > CObackground(month, lat) + 4σ(month, lat) AN > ANbackground(winter, NH) + 4σinst(flight)     

Munich to 
San Francisco  

19.08.2014 
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μ = 182±34 pptV 

μ = 282 pptV 

South America, DJFM 

μ = 188±37 pptV 

μ = 296 pptV 

Africa, DJFM 

~42% 
~35% 

~8% 

 
   Percentage of sampled BB  

Occurence frequency of BB in UT  (2012 – 2016) 

North America, JJAS 

μ = 293 pptV 

μ = 162 pptV 
global, annual BB percentage 
2006 – 2008: ~5% (mainly Asia) 
2012 – 2016: ~9% 
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Example 3 
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… dynamical complexity of extratropical TP region 

flight 

track 

dynamical 

tropopause 

(2 PVU) 

block 

stratospheric air 

WCB 

outflow 

anti- 

cyclone 

WCB 

outflow 

deep 

convection 

o Approach:  „meteorologically tagging“ for data categorization 

o IAGOS: high representativeness (on 10-12 km) 

 many monitored process-tracers   

L 

L 

H 

O3 

H2O, RH, clouds, 

„fresh“ pollutants 
cirrus 

clouds 
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data-model 

differences 

High-resolution data 
(IAGOS, Julia, …) 

ERA5 

Earth system models 
(ESMs) 

datamet. tagged 

specified dynamics 

free running 

point-by-point 

situation-based 

ΔSD(1..n) 

ΔF(1..n) 

meteorologically 

tagged analysis 

processes 

process 
understanding 
(using CTMs, 

process models) 

Proposal: Assessing Climate Change Projections by Confronting Models  

 with High-Resolution Aircraft Observations (CLIMATO) 

• >>100 Di (PDFs, correlations,…) 

• Different processes in each „macro-process“ 

 (meteorological situation) 

• Specific process models, CTMs,… required 

>56 000 flights 
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radiative impact 

data-model 

differences 

High-resolution data 
(IAGOS, Julia, …) 

ERA5 

Earth system models 
(ESMs) 

datamet. tagged 

specified dynamics 

free running 

point-by-point 

situation-based 

ΔSD(1..n) 

ΔF(1..n) 

meteorologically 

tagged analysis 

radiative impact 
calculations 

(using corrected 
radiative forcers) 

processes 

process 
understanding 
(using CTMs, 

process models) 

Proposal: Assessing Climate Change Projections by Confronting Models  

 with High-Resolution Aircraft Observations (CLIMATO) 

• „ad-hoc“ (RF-corrected) radiative transport calculations 

• Occurence frequency and importance of „macro-processes“ 

• RF-corrected ESM calculations (study of feedbacks?) 

• Better process-quantification  improved climate projections  
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WP 2a 
 

IAGOS 

WP 2b 
 

models 
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WP 3:  Water vapour and 
 cirrus clouds 

WP 4:  Ozone and  
 reactive gases 

WP 5:  Aerosol distribution 
 and composition 

WP 6:  Trace gas transport 
 and distribution 

WP 7 
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WP 1: Management 

CLIMATO 

Assessing Climate Change Projections by Confronting Models with High-Resolution Aircraft Observations 

• EU - Horizon2020 call 

• Submission (1th stage): 27th February … successful 

• 14 European partners  

• Funding: ~55 / ~42% for modellers / IAGOS 

• Submission (2th stage): 4th September 
10 


