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• Continental scale. 

• Off/on to test the difference before/after. 

• Emissions into a pristine(ish) environment, should 
enhance the impact owing to cloud susceptibility issues. 

• Low altitude source as per anthropogenic emissions. 

• Emissions into clouds typical of those influenced by 
anthropogenic pollution (not just stratocumulus). 

The 2014-15 fissure eruption at Holuhraun:  

is a great test for challenging the representation of ACI in GCMs.  

We know that GCMs provides  

a wide range of ACI forcing ... 



Some GCMs response to Holuhraun eruption: 

HadGEM3-

UKCA 

HadGEM3-

CLASSIC 

NCAR-CAM5.3 

CAM5.3-Oslo 

MODIS 

from Malavelle et al. (2017) 

Key findings: i) Models have good skill in representing the strength of Twomey 

effect, but ii) strong LWP response however is not supported by observations 



Expected outcomes for the Holuhraun experiment 

• How state of the art GCMs capture aerosol indirect effects on this 

particular event ? 

 

• Test models using configuration as close as possible to CMIP6. 

 

• Provide guidance on estimate of ERF_ACI and climate sensitivity. 

Could we expect surprises?  
e.g. current version of HadGEM3  

(i.e. ‘quasi CMIP6’) 

HadGEM3-UKCA  

(circa 2016) i.e. version used 

in Malavelle et al., 2017. 

Current HadGEM3-UKCA  

(2018) i.e. close to the version 

to be used for CMIP6. 

MODIS AQUA 

(note ΔrE= {2014 – Clim} here) 

The Twomey effect  

is now much lower  

compared to MODIS. 



What will we be looking at: 

1 Chem 

Aerosols 
Clouds 

2 ACI 

metrics 

3 
Process  

evaluation 

1 Chemistry, Aerosols & Clouds – 

(2D & 3D monthly means)  
• Evaluation of chemistry-aerosols 

models (e.g. sulfate formation, 
removal), volcanic plume transport, to 
be linked with the Trajectory 
Experiment (D. Partridge) and cloud 
mean changes 

2 ACI metrics – (2D, 3hourly)  

• Cloud susceptibilities following the 
Indirect Experiment (Ghan et al., 2016, 

PNAS). Are susceptibilities during 
Holuhraun comparable to global 
susceptibilities? 

3 Process evaluation – (2D, 6hourly)  

• Are the differences between climate model 
simulated LWP response related to differences 
in the onset of precipitation formation? (e.g. 

Michibata et al., 2016 ACP; Jing et al., 2017, JGR). 

Required Diagnostics organised in 3 packages: 
 

1 - MON_DIAG_PKG –  180+2 months (disentangle natural variability) (Mandatory)  

2 - ACI_DIAG_PKG – 2 months with eruption + 2 months from control. (optional)  

3 - PROCESS_DIAG_PKG –2 months with eruption + 2 months from control. (optional) 



What’s next for the ‘Holuhraun ACI Experiment’ 

• Approximately 15 models (not all independents) expected 

to engage - Simulations completed or ongoing: 
- Hadgem3-UKCA (Exeter) 

- ECHAM6.3-HAM2.3 (Oxford) 

- ECHAM6.3-HAM-P3 (ETH) 

- CAM5.3-Oslo (Oslo) 

- CAM6-NCAR (NCAR) 

- MIROC-SPRINTARS (RIAM) 

• Expected submission of model outputs by end of 2018: 
There is obviously flexibility with dates and new participants are 

welcome to join. 

• Analysis of the model outputs to start beginning of 2019  

• First summary of the results to be presented at the next 

AeroCom meeting (October 2019). 

Timetable 



Resources for the experiment 

https://drive.google.com/drive/folders/1kDjywuf-
5DND2kiiQw3hsPav9SQka2uO 

Exp. protocol and list of diagnostics finalised - Resources accessible online: 

Data server created @Exeter to provide long term storage of model outputs. 
- We expect 150-200 Go of outputs per model if all diagnostics are provided.  

- Data will be available to the AeroCom community. 

 

Questions and help can be addressed  

to Florent Malavelle: f.malavelle@exeter.ac.uk 

 

Thanks! 

mailto:f.malavelle@exeter.ac.uk


Removed slides 



1 – Chemistry & Aerosol evaluation  
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• HadGEM3 captures the surface peak in SO2 and SO4 

measured at these two Scandinavian sites around 10-Sep. 

 

• Background SO2 seems to be too high. Too much contribution 

from anthropogenic sources?  

Evaluation of the plume lifecycle will also be performed 

in a Lagrangian framework in coordination with the  

Trajectory experiment (D. Partridge) 

The plume of SO2 is well-represented in coarse model (here HadGEM3) despite the resolution 
and crude emissions estimates. 

HadGEM3 IASI 
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2 – ACI metrics for each models 

Ghan et al., PNAS (2016) 

• What most GCMs tend 

to do 

• What is suggested from 

observations during 

Holuhraun. 

e.g. ‘Canonical’ 1st/2nd 

Indirect effects at the 

global scale: 

How much can we learn from Holuhraun ? 

Can it help constraining ACI overall ? 

 

• Are the susceptibilities during Holuhraun 

similar to global susceptibilities? 

 

• Can we better characterize where the 

diversity in the causal chain from Emissions 

to ERF_ACI originates?  



3 – Process evaluation 

Systematic evaluation of models 

against observational constraints on 

precipitation efficiency needed: 
 

• It is unclear why climate models 

strongly differ in their LWP response to 

aerosol perturbations. 

 

• It is therefore essential to derive 

robust observational constraints on the 

processes driving this response.  

 

• We hypothesise that differences in the 

climate model simulated LWP 

response might be attributable to 

differences in the onset of precipitation 

formation (as small-scale evaporation-

entrainment feedbacks are not 

represented).  

from Jing et al., JGR (2017) 

A-Train Climate Models 

• Global Models are biased towards too 

much rain. 

 

• Global Models tend too form rain too 
efficiently (e.g. Michibata et al., ACP 2016) 



Additional slides 



Turning off dependence on 

CDNC in Autoconversion … 

Three GCMs, all use KK200. Yet the 

LWP response differ but why:  

 

• Is just an autoconversion tuning 

exercise ? probably not … 

  

• Are models missing crucial physical 

feedbacks? (e.g. Sato et al., 2018; 

Nature Comm.) 

 

• Are models capturing warm rain 

process rates and cloud regimes 

correctly? (e.g. Suzuki et al., 2011; JAS) 

3 – Process evaluation 



Simulation design … 



EMEP surface sites 

AERONET station 



Note for Participants – Fill the spreadsheet 


