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offline training

Goals of this study

 Implement baseline ML model in CTM: fast inference
 Gather insight from the use of smallest black box

chemistry solver

chemistry transport model using
operator splitting approach

...

...

ML inference
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aiming to retain physical consistency, and possibly interpretability



Case studies

e.g., Carbon bond 5 (59 species, 156 reactions) [2]
...complex chemistry will follow

stiff system
no T dep.

no photolysis

POLLU mechanism 20 species, 25 reactions [1]

toy mechanism
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[1] Verwer, Jan G. SIAM Journal on Scientific Computing 15.5 (1994): 1243-1250 
[2] Yarwood, Greg, et al. Final report to the US EPA, RT-0400675 8 (2005): 13



Baseline model
Simple neural network:

fully connected multilayer perceptron

input
features

target
features

small hyperparameter tuning
on limited search space*

identify best configuration 
using 80% of dataset

test the tuned model on 20%
*: optimizer hyperparameters

# neurons per layer
# hidden layers
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Data generation

B
C

A
predict

predict

dataset design choice:

∆c

c
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Baseline model: performance x: ground truth 
y: model output

1:1 line
linear regression

c
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toy mechanism test set

 ~1 million parameters to capture the system

POLLU mechanism
no performance



∆c

Baseline model: performance x: ground truth 
y: model output

1:1 line
linear regression
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toy mechanism test set

model struggles for low concentration changes: customizing the loss function?

POLLU mechanism
no performance



Baseline model + soft constraints
1. penalty for weighted sum of concentration changes ≠ 0

2. penalty for final concentration values < 0

search space:
optimizer hyperparameters

constraints’ weights
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input
features

loss determination
target

features

molar weights
&

stoichiometry

weights
ɑ, β



      with soft constraints

Soft constraints: performance
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toy mechanism test set

∆c

x: ground truth 
y: model output

1:1 line
linear regression

∆c



Next steps
Significant data reduction: optimize dataset generation 
Data pre-processing: how to handle properly different 

concentration ranges 
Generalizability: assess out-of-distribution performance
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