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Origins of this work - Comprehensive 
Test Ban Treaty Organisation (CTBTO)



Origins of this work - Prototype 
Operational Wildfire Smoke Modeling

Catalonia Alaska



Our goals

• Run models on equal footing
• Display/evaluate results in 

common framework
• Comparison tools based on single 

data format
• Research and operational 

applications



Single intermediate data 
format

HYSPLIT

FLEXPART

PUFF

Other

.

.
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h2srs

f2srs

p2srs

o2srs

SRS 
postprocessing
programs

• srsVis
• srsAdd
• srsAccum
• srsScale
• …



The common data format –
Requirements

• Simple format
• Easy to understand and 

manipulate
• Suitable for wide range of outputs 

– forward, backward, regional, 
global

• Efficient storage



The common 
data format –

Source
Receptor 

Sensitivity 
(SRS)

-152.20  61.30 19920819 01 19920819 04 1.51E+09    28  1  1 0.05 0.05 "ERU_000001" 
-172.00  51.00  801  401
61.35  -152.00   -1   3.2000000E+01
61.65  -151.95   -3   8.2758456E-07
61.70  -151.95   -3   7.2541312E-07
61.60  -151.90   -3   1.0454189E-04
61.65  -151.90   -3   1.7524986E-04
61.70  -151.90   -3   4.6090435E-06
61.55  -151.85   -3   1.1887410E-04
61.60  -151.85   -3   2.0116019E-03
61.65  -151.85   -3   9.5033952E-04
61.55  -151.80   -3   1.0933746E-04
61.60  -151.80   -3   6.1254893E-04
61.50  -151.75   -3   5.0170982E-04
61.55  -151.75   -3   1.8973760E-03
61.60  -151.75   -3   1.7860175E-03
61.65  -151.75   -3   3.9825128E-05
61.50  -151.70   -3   3.4984728E-05
61.55  -151.70   -3   9.8084730E-04
61.60  -151.70   -3   1.2435511E-03
61.65  -151.70   -3   1.5727941E-03
.
.
.
55.95  -136.05  -28   6.8677573E-09
56.00  -136.05  -28   8.6501250E-09
56.15  -136.05  -28   3.0768225E-07
56.20  -136.05  -28   8.3457519E-07
56.10  -136.00  -28   2.0645113E-07
56.15  -136.00  -28   4.3991047E-08
56.10  -135.95  -28   6.9917006E-07
56.15  -135.95  -28   1.4898067E-07



SRS Files
• Each SRS file stores a time series of a single entity 

on a 2D horizontal slice
• Simple model with one species and two levels 

would have one SRS file for each level
• Output with ten species on ten levels results in 100 

“basic” SRS files, plus more for depositions
• But… once in SRS format, various SRS-specific 

tools add, combine, etc. to create more complex, 
condensed 2d horizontal slice time series

– Add levels
– Add species
– Add levels and species
– Create cumulative 2d time series
– Future – create vertical profiles, point time series, etc.

• The key is having all model output in common format for 
consistent processing 



SRS Files
• Each file is a 

timeseries of a 2D 
horizontal lat/lon slice

-152.20  61.30 19920819 01 19920819 04 1.51E+09    28  1  1 0.05 0.05 "ERU_000001" 
-172.00  51.00  801  401
61.35  -152.00   -1   3.2000000E+01
61.65  -151.95   -3   8.2758456E-07
61.70  -151.95   -3   7.2541312E-07
61.60  -151.90   -3   1.0454189E-04
61.65  -151.90   -3   1.7524986E-04
61.70  -151.90   -3   4.6090435E-06
61.55  -151.85   -3   1.1887410E-04
61.60  -151.85   -3   2.0116019E-03
61.65  -151.85   -3   9.5033952E-04
61.55  -151.80   -3   1.0933746E-04
61.60  -151.80   -3   6.1254893E-04
61.50  -151.75   -3   5.0170982E-04
61.55  -151.75   -3   1.8973760E-03
61.60  -151.75   -3   1.7860175E-03
61.65  -151.75   -3   3.9825128E-05
61.50  -151.70   -3   3.4984728E-05
61.55  -151.70   -3   9.8084730E-04
61.60  -151.70   -3   1.2435511E-03
61.65  -151.70   -3   1.5727941E-03
.
.
.
55.95  -136.05  -28   6.8677573E-09
56.00  -136.05  -28   8.6501250E-09
56.15  -136.05  -28   3.0768225E-07
56.20  -136.05  -28   8.3457519E-07
56.10  -136.00  -28   2.0645113E-07
56.15  -136.00  -28   4.3991047E-08
56.10  -135.95  -28   6.9917006E-07
56.15  -135.95  -28   1.4898067E-07

. . . . . . . . .

FLEXPART August 1992 Mount Spurr eruption – Species 5, Level 4



Adding vertical levels for 
integrated column values

srsAdd

.

.



Adding multiple species in vertical levels 
for total integrated mass values

srsAdd

.

.

Species 1

srsAdd

.

.

Species 2

srsAdd

.

.

Species n

.  .  . srsAdd



HYSPLIT writes time-averaged deposition ouput:

… ……

… … …

srsAccum re-arranges the SRS time series to accumulated ouput:



srsScale
• Useful for unit changes, global 

adjustments, etc.

srsScale 1.0E-3



Storage of SRS Files
• ASCII (makes editing 

easier)
• Sparse format
• Efficient for typical 

plume features
• Easily gzipped, and our 

utilities work naturally 
with zipped or unzipped 
SRS files



Primary tasks for 
implementation

• Visualisation and evaluation tools 
that use SRS format as input

• Conversion routines from native 
model output to SRS format



Test Case and Strategy
• Find a data-complicated case with 

multiple species and vertical levels
• Take one event that we understand, 

have data for, and meet certain 
criteria
– Affected air space
– In vicinity of populated area plus airport
– Complex topography
– Multiscale



Mt Spurr, August 1992
• Location/time description

– Start: 00:42 UTC 1992-08-19
– End: 04:10 UTC 1992-08-19
– Total duration: 3.5 hours
– Max plume height: about 14km
– Location: -152.2539  61.2989
– Summit: 3374m MSL

• Ash
– Density 2.6E03 kg/m3

– Total mass emitted: 3.35E10 kg
– Mass flow rate: 2.72E6 kg/s
– 10 size classes (from 3 to 1536 

μm) and fractions of each

(www.avo.alaska.edu)



Methods
• Primary emphasis at early stage is to test and 

refine the processes for model intercomparison
• Find input data that works with all models – not 

easy
• Set up models in identical ways – not easy
• Run models to generate output in native format
• Convert native outputs to the standard SRS format 

for fields of interest, process and combine as 
necessary

• Produce visuals with software tools based on the 
SRS format inputs



Common Input Data

• January 1979 –
December 2010

• 0.5 degree GRIB 
2

• 6 hourly

http://rda.ucar.edu/pub/cfsr.html



CFSR Data Selection

FLEXPART 
and 
WRF 
presets



Ingesting CFSR
• Retrieve FLEXPART presets (GHT, U, V, W, 

T, RH – doesn’t have precip, but can 
probably be added in)

• FLEXPART
– Straightforward.  Read in directly like GFS

• HYSPLIT
– Convert to ARL format using HYSPLIT tool api2arl

• Needs to be compiled against ECMWF grib-api
• Doesn’t seem to work with grib-api v9+

• PUFF-UAF
– cnvgrib from GRIB2 to GRIB1
– gribtonc from GRIB1 to netCDF



Setting up
• All model runs are computed on a global 

grid
• Need to understand specifics of model to 

set up emissions and various run-time 
parameters.  Try to do as consistently as 
possible

• Each model has its own way of defining the 
output grid, and it’s been possible to do 
this consistently with FLEXPART, HYSPLIT 
and PUFF-UAF



Execution
• FLEXPART – serial execution 

(FLEXPART-WRF supports parallel)
• HYSPLIT – often took us up to 20 

times longer than FLEXPART, but 
supports MPI execution (we are in 
correspondence with HYSPLIT group 
about performance)

• PUFF – serial execution, very quick 
(so far, results are preliminary)



Output to SRS Format –
general process

• Inventory data availability, 
projections, directions, 
nesting, etc.

• Write SRS header 
information

• For each timestep, and 
specified level, species, 
etc, find lat, lon, value of 
positive entries and write 
this, plus timestep
number, to SRS file

-152.20  61.30 19920819 01 19920819 04 1.51E+09    28  1  1 0.05 0.05 "ERU_000001" 
-172.00  51.00  801  401
61.35  -152.00   -1   3.2000000E+01
61.65  -151.95   -3   8.2758456E-07
61.70  -151.95   -3   7.2541312E-07
61.60  -151.90   -3   1.0454189E-04
61.65  -151.90   -3   1.7524986E-04
61.70  -151.90   -3   4.6090435E-06
61.55  -151.85   -3   1.1887410E-04
61.60  -151.85   -3   2.0116019E-03
61.65  -151.85   -3   9.5033952E-04
61.55  -151.80   -3   1.0933746E-04
61.60  -151.80   -3   6.1254893E-04
61.50  -151.75   -3   5.0170982E-04
61.55  -151.75   -3   1.8973760E-03
61.60  -151.75   -3   1.7860175E-03
61.65  -151.75   -3   3.9825128E-05
61.50  -151.70   -3   3.4984728E-05
61.55  -151.70   -3   9.8084730E-04
61.60  -151.70   -3   1.2435511E-03
61.65  -151.70   -3   1.5727941E-03
.
.
.
55.95  -136.05  -28   6.8677573E-09
56.00  -136.05  -28   8.6501250E-09
56.15  -136.05  -28   3.0768225E-07
56.20  -136.05  -28   8.3457519E-07
56.10  -136.00  -28   2.0645113E-07
56.15  -136.00  -28   4.3991047E-08
56.10  -135.95  -28   6.9917006E-07
56.15  -135.95  -28   1.4898067E-07



Output to SRS format
• FLEXPART 

– Binary header file plus binary timestep files 
in a complex, sparse format

• Need to consider multiple species, levels, 
depositions, forwards, backwards, nested

– Currently using the evolving pflexible to 
extract necessary fields and then create 
SRS file for specified level, species, etc.

– Have created flexout2srsm.py to deal with 
most of this



Output to SRS format

• HYSPLIT 
– Header and all timestep values in a single 

binary file. 
– Need to consider multiple species, levels, 

depositions, forwards, backwards, nested
– Have modified HYSPLIT Fortran programs 

conc2ctbt and conc2asc to create a much 
more general and SRS-oriented conc2srs
(should be part of HYSPLIT distro now)



Output to SRS format

• PUFF 
– Header and all timestep values in a single 

netCDF file.  When PUFF is run this format 
needs to be specified. 

– Need to consider multiple species, levels, 
fallout, etc.

– Have created a crude puff2srs.py to 
generate the SRS file from netCDF output.



Snapshot of Species 5 Concentration 
and Winds, 5000m MSL

FLEXPART HYSPLIT Meteorology



Deposition (Fallout) of Species 5

FLEXPART HYSPLIT

Todo: Convert 
observed fields to 
SRS format and 
incorporate in the 
system



Simple SO2 Case – total integrated 
column concentration

FLEXPAR
T

HYSPLIT

PUFF



Simple SO2 case – cumulative deposition

FLEXPAR
T

HYSPLIT

PUFF



Closing Thoughts
• A lot can be automated, but there 

are many degrees of freedom to 
consider

• The user of these tools needs to 
understand what’s in the model 
output
– E.g. HYSPLIT requires that you run with a 

model level 0 to get deposition, and 
doesn’t differentiate between wet and dry, 
and outputs by timestep, not cumulatively



Next
• FLEXPART-WRF, WRFChem, other models
• Bigger picture – operational, ensembles, 

emergency response
• Add more visuals (vertical cross sections 

and profiles)
• Add quantitative evaluation and 

intercomparison.  Grid to grid and temporal
• Package in a more user-friendly way
• Seek funding to drive all this!



Multi-model Concentration Multi-model Fallout

The Vision – facilitating multi-model and multi-configuration comparisons


