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What is Lagrangian Particle Dispersion 
Modelling? 



Particle Dispersion 



Lagrangian vs Eulerian Particle 
Dispersion 

Lagrangian Eulerian 



Lagrangian Particle Dispersion 
Modelling 



Who Cares? 





Time 



• Fortran (1998) 

• Typical particle release 10,000 – 100,000 

 

• Bottlenecks 

– Interpolation of particle position 

– Dispersion / trajectory calculations 

– Multiple particle releases per simulation 



While more hours to simulate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

For each particle Release 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Read In Weather Data 

Interpolate 

Save Data 

Disperse || Track 

Time for another release? 

Convect? 



Maths 

𝑥𝑖 𝑡 + ∆𝑡 = 𝑥𝑖 𝑡 + 𝑢𝑖 𝑡 ∆𝑡 
𝑦𝑖 𝑡 + ∆𝑡 = 𝑦𝑖 𝑡 + 𝑣𝑖 𝑡 ∆𝑡 
𝑧𝑖 𝑡 + ∆𝑡 = 𝑧𝑖 𝑡 + 𝑤𝑖 𝑡 ∆𝑡 

 
𝑢𝑖 = 𝑢 𝑖 + 𝑢′𝑖 
𝑣𝑖 = 𝑣 𝑖 + 𝑣′𝑖 
𝑤𝑖 = 𝑤 𝑖 + 𝑤′𝑖 

 

 

 



  

  



While more hours to simulate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

For each particle Release 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Read In Weather Data 

Interpolate 

Save Data 

Disperse || Track 

Time for another release? 

Convect? 

FLEXCPP 



While more hours to simulate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Read In Weather Data 

Interpolate 

Radioactive 

Disperse || Track 

Time for another release? 

Convect? 

FLEXOCL 

Save Data 

For each particle Release 



Simulation  

Flexpart (Fortran) 
 

FLEXCPP  
(C++ & CUDA & OpenMP ) 

 

FlexOcl (with radioactivity) 
(c/c++ & OpenCL & OpenMP) 

 



Opencl 
 





Single Threaded – Nothing Fancy 
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Simulated Hours 

OpenCL Vs Cuda on Nvidia Gpus 

flexcpp k20c

flexcpp c2075

flexocl k20c

flexocl c2075
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OpenCL Performance Improvement 

k20c difference

c2075 difference
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64 Core AMD 

flexccp

flexocl
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The Power of O2 

flexcpp

flexocl

flexccp

flexocl
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Simulated Hours 

Speed up Normalised to Baseline 

FLEXCPP-K20C

FLEXCPP-C2075

FLEXOCL-K20C

FLEXOCL-C2075

FLEXOCL-fara

FLEXCPP-togian

FLEXOCL-togian

FLEXCPP Baseline

FLEXOCL-Xeon Phi
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Speedup Vs Fortran - 96 Hours 

Speedup
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Simulator Performance 
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Multi-Platform Comparison 

FLEXCPP-K20C

FLEXCPP-C2075
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FLEXCPP - AMD Multicore



0

50

100

150

200

250

300

350

400

450

6 12 24 48 96 192 384

Ti
m

e
 (

s)
 

Simulated Hours 

Multi-Platform Comparison 

FLEXCPP-K20C

FLEXCPP-C2075

FLEXOCL-K20C

FLEXOCL-C2075

FLEXCPP Baseline

FLEXOCL-Xeon Phi

FLEXOCL - AMD Multicore

FLEXCPP - AMD Multicore





More Sophisticated Model 

• Deposition: 

– Wet 

– Dry 

 

• Convection 



どうもありがとうございました 

質問 


