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Constraining Arctic Forcing Uncertainty 
 

Recommendations to 
improve understanding of 

Arctic aerosols and 
reduce the uncertainties: 

  
Sensitivity tests on 

removal 
processes/resolution 
during transport. 

 
Updated emission 

inventories (missing 
sources). 

 
Model evaluation 

(AOD) against local 
observations. 



Evaluation of GCM representation of aerosol properties  
 

Turnock et al., 2015, ACP: Annual mean 
sulfate aerosol mass concentrations (μg S m-3) 
from lowest model level (HadGem3-UKCA). 

Mann et al., 2014, ACP: Summer multi-model  
mean simulated size distributions versus  
DMPS/SMPS measurements.  

Provides: 
 

 Easy interpretation 
 Evaluation of model 

aerosol climatology 
Highlights regions of 

major discrepancy for 
model improvement 
 Efficient to produce 

 

Commonly applied methods 



Co-locate model output 
to observations at target 

measurement station: 
• Spatially 

• Temporally (3hr 
resolution) 

• Instrumentation size 
grid 
 

Provides: 
 Easy interpretation 
 Time resolved 

information of 
discrepancies. 

 

One step further … 

Partridge et al., 2016 (in-prep). ECHAM-HAM simulated aerosol size 
distribution versus Zeppelin DMPS/SMPS measurements (2006). 

Evaluation of GCM representation of aerosol properties  
 



Run GCM over 
observation 
time period. 
Convert GCM 

meteorological 
output to 
HYSPLIT 

format (ARL). Calculate 
trajectories on 

re-analysis 
data (e.g. 

GDAS) 

Calculate 
trajectories on 

model data 
(nudged /free 

running) 

Evaluate 
transport 

characteristics: 
re-analysis versus 
nudged and free 
running model 

output 

 Vertical transport 
 Horizontal transport 
 Meteorological        

characteristics  
      during transport 

Evaluation of GCM representation of aerosols  
+ transport/sources/sinks using a trajectory framework 

STEP 1: Evaluation of GCM transport representation using 
Lagrangian air mass trajectories (HYSPLIT4) 

Presenter
Presentation Notes
Briefly, an ARL packed data file consists of a series of fixed length records, one for each meteorological variable. The records are arranged in time series, with surface fields followed by upper air fields. Each record contains a 50 byte ascii header that provides information about the date, time, variable, and packing constants. This is followed by the packed binary data, one byte per grid point. Each byte represents the difference in value between that point and the previous grid point. A group of records at the same time is preceeded by an index record that describes all the variables, levels, and grid information for that time period.



Proof of concept: Mt Zeppelin transport climatology on 
reanalysis and GCM data using HYSPLIT4 trajectory model  

• Percentage of trajectories crossing each grid. 2006-2009, one trajectory every three hours 
(ca 10000 trajectories per plot). 

 
• Successfully transformed GCM meteorological output onto required HYSPLIT format 

ERA-Interim Reanalysis wind fields ECHAM-HAM nudged to ERA-Interim 



Observed or 
modelled data The average value 

for each grid point is 
calculated, revealing 
potential source 
regions 

• Measured/modelled quantity 
extracted from the data with 
hourly resolution. 

  
• For every measured/modelled 

value, a trajectory is calculated  

Each trajectory 
endpoint is assigned a 
value corresponding 
to observed 
concentration 

STEP 2: Linking aerosol source areas to observed 
concentrations at receptor station (Zeppelin, Arctic) 



Relative source contribution of aerosol particle conc.: 
N(Dp=250:630nm) cm-3 [2006-2009] to Svalbard 

Reanalysis + Observations GCMs (Nudged to ERA-Interim) 
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ERA-Interim + ZEP DMPS, 2006:2009 

Accum1: N(Dp=70:250nm) cm-3  Aitken: N(Dp=20:70nm) cm-3  Nuc: N(Dp=10:20nm) cm-3  

ECHAM6.1-HAM2.2 (Nudged to ERA-Interim), 2006:2009 

Accum1: N(Dp=70:250nm) cm-3  Aitken: N(Dp=20:70nm) cm-3  Nuc: N(Dp=10:20nm) cm-3  Advantage of this framework is that it allows for an apparent potential source 
analysis using real observations versus GCM simulated output. 

 
• Facilitates tracing the aerosol evolution during transport to investigate 

the role of sources, dynamical processes and sinks on the aerosol 
properties in the model.  

 
• Pinpoint where, why and when the models underperform in their 

representation of aerosol properties for efficient improvement. 



AeroCom Aerosol GCM Trajectory Experiment 

 
 No model development required, only post-processing of model output into required format. 
 
 Extend the evaluation framework to a larger group of GCMs and measurement stations 

within the ACTRIS measurement framework having long-term continuous aerosol data. 
 

 One GCM simulation at high temporal resolution (3hr) provides data for repeating analysis 
for any station. (Diagnostics required: 3D wind fields, surface meteorology, aerosol lognormal 
parameters (N1, R1, GSD1, MMRSS etc.). 

• Are the models capable of reproducing observed flow patterns in the atmosphere and hence 
the role of aerosol emissions, processes and timescales? Evaluate influence of transport via 
nudged/free-running simulations against ERA5 reanalysis. 

 
• How do the different models represent source-receptor relationships for simulated aerosol 

properties? How does this compare to experimentally derived relationships, for e.g. BC, sea 
salt measurements? 

• What is the role of sink mechanisms for 
aerosols in the different models, e.g. 
precipitation?  

 



AeroCom Trajectory Data submission 
 



AeroCom Trajectory Data submission 
 



Current Participants 
 NorESM: Annica Ekman: Stockholm University; Hamish Struthers: 

NSC 
 
CAM: Hailong Wang; Steve Ghan: PNNL 

 
HadGEM: Daniel Partridge; Florent Malavelle; Jim Haywood: 

University of Exeter, UK Met Office 
 
ECHAM-HAM: Philip Stier: University of Oxford; Ulrike Lohmann: 

ETH 
 

Interested in participating?  
Contact me for a copy of the documentation: 

d.g.partridge@exeter.ac.uk  

mailto:d.g.partridge@Exeter.ac.uk


View from Zeppelin mountain, May 2nd 2006:  
Aerosol sources: record 2006 agricultural 

forest fires in Eastern Europe. 



 
 
 
 
 
 
 

Sources of BC to Zeppelin, Svalbard 
ERA-Interim Reanalysis wind fields + 

PSAP BC measurements ECHAM-HAM nudged to ERA-Interim 



Conversion requirements 
  Converting to grid-point horizontal winds for spectral and/or vorticity-divergence 

formulations. 
 
 Re-gridding to a consistent uniform grid for those using staggered, Gaussian or 

irregular grids. 
 
 Converting from NetCDF to GRIB unless native GRIB output is supported. 
 
 Getting the correct hybrid coefficients into the GRIB file to describe the vertical 

coordinate. 
 
 Ensuring the GRIB parameters used are correctly matched to those expected by 

grib2arl. 
 
 Ensuring the units for these parameters are consistent with those expected by 

grib2arl. 

ARL Packed Data Format Overview 
Consists of a series of fixed length records, one for each 
meteorological variable. The records are arranged in time 
series, with surface fields followed by upper air fields. Each 
record contains a ascii header that provides information about 
the date, time, variable, and packing constants. This is followed 
by the packed binary data, one byte per grid point.  
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