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6 Results: PM, . Forecasting

3 days 9 days Sudden 3 days 9 days Sudden
AirPhyNet 23.80 27.20 38.50 43.80 49.20 71.50
Air-DualODE 23.04 25.20 39.24 42.04 48.20 72.24
DLinear 22.57 24.50 38.45 42.57 47.10 73.45
PatchTST 22.69 25.25 39.12 42.10 47.80 74.12
S-Mamba 23.12 25.15 39.85 43.12 47.15 75.85
Fredformer 21.45 26.48 38.25 41.60 47.48 73.25
TimeMoE 21.68 25.32 36.54 41.85 47.50 71.54
AeroChem (ours) 21.95 24.08 34.50 42.74 46.80 68.80

Robs,t — SOftplus(Rbase> (1 + 6 Tzut)

Physics model T e @ Virtual Measurement Branch - S-Mamba
; g 4{ Fuse outputs ]—> 5‘7 — long-horizon drift Encodes long-range history into probabilistic virtual observations that adapt to the rollout.
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Process Branch - Universal Differential Equation

( - \ prior Differentiable simulator: graph diffusion + wind-driven advection + meteorology-gated reaction.
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@ Neural Kalman Fusion - closed-loop correction
Fuses the UDE prior with virtual observations; the posterior state is fed back to the UDE.

e HanoiAir: A New Regional Dataset
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= Pollutants: PM, ., PM,,, O, and precursors NO,, SO,, CO, NO, NO,

2.59
= Meteorology: temperature, pressure, solar radiation, humidity, wind

= Emissions: hourly-downscaled inventories (NO,, VOC, SO,, NH,, primary PM,, )

= Northern Vietnam, from the Northern Centre for Environmental Monitoring; also
evaluated on KnowAir (355 stations, 2016—2023)

e Theory: Bounded vs. Exploding Error
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Mean of 5 runs. Bold / underline = best / second best.
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ﬂ Ablation: Feedback Matters Most
9-day MAE increase vs. full AeroChem (%)
® KnowAir = HanoiAir
w/o Kalman (open loop) —M +47.4%
Late fusion (output-level) _+27_8% +40.4%

w/o physics terms
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