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Science Questions

* How accurate is the current E3SM fire
model in simulating burn area?

* How could machine learning help fire
model parametrization?

BIAS

0.6

0.4 1

‘é'. E ESA EARTH AND ENVIRONMENTAL SCIENCES « LAWRENCE BERKELEY NATIONAL LABORATORY
==



E3SM fire model
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Development of a Machine Learning
Fire Model in E3SM
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Development of a Machine Learning
Fire Model in E3SM
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Critical fire zone
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Development of a Machine Learning
Fire Model in E3SM

Surrogate fire model using

recurrent neural network
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summary

* Machine Learning surrogate fire module produced
high accuracy wildfire burned area

« Parameterization time could be reduced from
~weeks to ~minutes

« Powerful analytic capability with Attention
mechanism
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Simulation experiments

Experiment Sources of carbonaceous aerosol and sulfate

No fire Non-fire sources
Org. fire Non-fire sources + fire emission from the original GFED4s data
Ad;. fire Non-fire sources + fire emission from the optimized GFED4s data

Optimized fire emission

QON - L v b b b b b e e b b

60N TS

- AODpgroneT = BAODofire  Region Fire emission

30N

" scalar («)
AODpgroNeT = BAODjofire
. ‘ SHSA 2.79
LSOW 120W 0W 6w W 0 E GO 90E 108 10E + aAODsire

Li Xu et al.

BERKELEY LAB

‘c'- E ESA EARTH AND ENVIRONMENTAL SCIENCES - LAWRENCE BERKELEY NATIONAL LABORATORY KIH
-




The modeled aerosol optical depth from the optimized fire emission
simulation has better agreement with the MODIS AOD
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Fire aerosols significantly impact aerosol optical depth, induce

strong cooling at surface and cause changes in surface
temperature and precipitation, particularly at tropics

AOD (unitless)

PPT (mm day™)
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Coupled fire emission module in
E3SM

ELM

« PFT-dependent
emission factor for
each species

Gases and primary - Consideration of peat

aerosols fire emission factor in

the equatorial Asia

* Choice of surface or

Surface fire emission

Gases Accumulatio Primary vertical fire emission
SO, n carbon in EAM
SOAG SO, BC
Primary OM
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The coupled fire emission simulation
- instantaneously emits the fire-associated carbonaceous aerosols into the

atmosphere
- produce a day-to-day variability of aerosol optical depth and aerosol radiative
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summary

» Adjusted fire emissions better represent observed
AOD during fire peak season in tropical fire regions.

* Fire aerosols induce the strong surface cooling
through both scattering and absorption of sunlight.

* Fire-associated aerosols species are
iInstantaneously emitted into the atmosphere.
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Thanks!
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Model Settings

Minimum leaf sample: [3,6,9]

Decision Tree Maximum depth: 150
Minimum leaf sample: [3,6,9]
Random Forest Number of trees: [20,30,40]
Gradient
Boosting Learning rate: 0.01
Decision Tree Maximum depth: [3,4,5]
(GBDT) Number of trees: 100

Learning rate: 0.001
Batch size: 32
Tow hidden layers with 10 and 5 neuro units

MLP Optimizer: SGD
Maximum iteration: 10,000
SVM Kernel: ['rbf’,’linear’]

Learning rate: 0.001
Batch size: 32
Hidden dimension: 16
Sequence length: 12
AttnLSTM Optimizer: SGD
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