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Motivation: Exposure Bias
Standard loss causes errors to
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Experimental Results : Quantitative Results and Qualitative Examples

| foundation models struggle with regional accuracy. It stems from (1) Data used by global
models has an error rate 59.5% higher than localized data and (2) Standard objective
functions tend to over-predict pollution, leading to frequently and unnecessary alerts.

accumulate over long horizons.

Method: Temporal

Accumulation Loss.
Supervises auto-regressive

East Asia Pollution  Global Training
Exposure (>60%) Data (<15%)

East Asia has >60% of severe pollution e e T
exposure but <15% of global training data. === s E e e RS

single-step snapshots.
Penalizes cumulative errors to
ensure temporal consistency
and stability across

long-horizon forecasts.
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OBS CMAQ Lrpa =2 Lpa (m=4) | Overall | +12h +24h +36h +48h +60h +72h +84h +96h +108h +120h ‘/S FT W|th CMAQ'OBS

Aurora Air Pollution [10] 1606 | 4882 4007 1775 1500 404 401 116 172 046 105  establishes physical consistency
v X X X 5074 | 6153 5383 5157 4987 4879 4847 4815 4776 4168 4765  andsolves the "long-horizon ’ _
v v X X 5440 | 62.56 5889 5673 5442 5226 5186 5136 5136 5141 51.38 " e, 9
v v v X 57.65 | 65.89 6199 6052 5758 5548 5475 5404 5376 5344 3334 collapse™ of global models. V
v v X v 5990 | 67.53 6448 6183 6039 5905 5823 5744 5694  s6s4 s621 v AQI-Aware Rewards:

(+9.16) (+6.00) (+10.65) (+10.26) (+10.52) (+10.26) (+9.76) (+9.29) (+9.18) (+8.86) (+8.56) . . 4 4
shifting from MSE to y=// |
Config Binary Metrics AQI (4-class) Metrics Class-wise AQI rewards © &

Model Reward CR| Acc FI Prec FAR Bias| Acc Fl-macro Fl-weighted Fl-micro|Good Mod. Bad V.Bad aligns the model with 3 pe
Aurora — - |68.93 16.06 68.40 224 0.13|34.03 2343 28.91 3403 4249 3682 1146 296  public health priorities
FAKER-ATIr gp7 - - 169.62 59.90 49.69 32.86 1.52144.03 41.59 43.63 4403 |38.46 47.79 4492 35.18

v'Curriculum Rollout:

FAKER-Airgro MSE X [74.50 4844 6190 10.54 0.64[43.73 3757 4236 4373 |5024 4609 3393 2004 GRPO with CR solves the |
FAKER-Airgrpo ~ AQL X |7140 5628 5212 24.19 1.17[4226 4075 4194 4226 |49.19 40.05 3942 3435
FAKER-Airgrro  AQl v |7451 5672 57.98 17.32 0.96 (4516 4190  44.66 4516 |50.92 4490 41.80 29.98

"decision-cost mismatch”

v’ Aurora (Baseline):

Rapidly loses mesoscale spatial structure at long horizons, failing to capture

critical high-pollutior
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v FAKER-AIr SFT: Successfully restores coherent spatial patterns and transport dynamics across extended horizons,

overcoming baseline ¢

v'FAKER-Air GRPO:

D

orade operational rel

egradation.

runes false alarm artitacts while strictly preserving high-pollution cores, achieving decision-

lability.

[ Stage 1: Robust SFT]

forecast trajectories rather than

via Group Relative Policy Optimization
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Methods: FAKER-AIr

(a) SFT: Supervised Finetuning

§ 4.1

LTA: Temporal Accumulation loss

.
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Earth System
Encoder - Backbone - Decoder
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[ Stage 2: Operational Alighment via GRPO ]
Motivation: Decision-Cost Mismatch - MSE is cost-symmetric, but real-world risks are asymmetric
Method: Group-Relative Policy Optimization.

1. AQI Class-wise Reward: Applies asymmetric penalties to align predictions with operational priorities
2. Group Ranking: Optimizes the policy by comparing multiple trajectory rollouts and reinforcing the best.
3. Curriculum Rollout (CR): Gradually increases the rollout horizon to stabilize optimization.

Curriculum Rollout
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