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Motivation—Chemistry in Atmospheric Models

Host Model

(C Barcelona
Supercomputing
Center
Centro Nacional de Suparcompulacion




Motivation—Chemistry and Related Modules

Host Model

support module

vapor
pressure
model

activity
model

activity
model

Barcelona
Supercomputing
Centro Nacional de Suparcomputacion

@




Design Goals

*  Treat chemistry, partitioning and related processes kinetically as one system to solve
*  Make it flexible

* Usable by modelers and experimentalists

*  Portable between models (chamber, plume, regional, global)

*  Object oriented design

* JSON configuration files
*  Make it efficient

*  Scalable chemical complexity

¢ Condensed data structure

*  Porting to GPUs
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Approach—Integrated Chemistry Module
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JSON Configuration Files

e Readily applied to science models

* Industry standard — lots of free tools available

"name" :

"type" :
"gas-phase species" : "type" :
"aerosol phase" : " "modes/bins" : {
"aerosol-phase species" : "dust" : {
"B : e pen s
Mohasedt s [
- 8
"reactants" : { "name" : " "minimum diameter" :
"03" : {}, "type" : " "maximum diameter
"NO" : {3 "phases" : [ " "scale" : " b

* "functional groups" : { 3
"products" : { "CH2(-OH)" : { "organic matter" :

"NO2" : {} "main group" : " "type" :
et "volume param" : "phases" : [ " "7,
"type" : " "surface param" : "shape" : " -
"A" 3 "geometric mean diameter" :
"B" : "CH2(hydrophobic tail)" : "geometric standard deviation" :
"c "main group" : "
b "volume param" :

"surface param" :
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Object-Oriented Design

Chemistry Module: CAMP
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Aerosol Representations in Chemical Models — Challenges
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Aerosol Representation Abstraction — Approach
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Aerosol Representation Abstraction — Approach
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Aerosol Representation Abstraction — Approach
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Results with different aerosol representation assumptions

*  Box model scenario
e CBO5 gas-phase chemical mechanism + two-product Isoprene SOA formation
* 24hintegration, photolysis on and emissions on first 12h
* Three cases with different aerosol representation: modal, binned, particle resolved

*  Fixed size distribution parameters modal and binned cases
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Porting to GPUs

* Solving chemical mechanisms --.
involve repeated calculations - _

of contributions from Condensed Data
s Structure
hundreds or thousands of
individual reactions
e Approach: simultaneously
solve for multiple grid cells by
spreading reaction calculations

across GPUs

GPUs
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GPU results

== CPU multi-cell == GPU Deriv GPU Block-cells LS + GPU Deriv
25.00
g 20.00 ) 16.77
e Near 30% of the : 875 47 1548 — s i
. S 150011_501‘124:23-—1-0j70_’1ﬂ4”’ 11.06 1139 106 11.69
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has been translated to GPU: g
e F(y) function g 50
e Linear solving process &
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Number of cells

Configuration: simple mechanism with similar initial concentrations among cells
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Chemistry Module — Overall Workflow

* Change the chemical mechanism
without recompiling

{

"reactants" : {

"03": {},

* Vary mechanism complexity based on i ”‘: :t{"}_
conditions/location - heto
* Compare mechanisms in real time Load input fil 1 BT
* Use same mechanisms across models (MONARCH,  intomode i B e
PartMC, etc.) changing only Acrosol objects
Representation JSON
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