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PLUME FLUX - Q DETECTION SCORE GoPilot - Claude on Amazon Bedrock AgentCore
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GoServer MCP - 150+ geospatial tools
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Marginal Retrieval (mol/m?)

MethaneMapper v1.2 - serverless GPU, scales to zero
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01 Motivation 04 TS2M-S Pipeline 06 Model: CompUNet 08 Detections in the Wild

One shared encoder reads the target and every reference image. Reference features
are pooled per scale (mean or max), concatenated with the target's and projected back
by a 1x1 conv, then decoded by a U-Net.

Methane causes ~80x the warming of CO, over 20 years, and a small number
of oil & gas point sources emit a large share of it. Sentinel-2 sees many of
them: global, every 5 days, 20 m SWIR, free.

The bottleneck is training data, not the satellite.

Radiative transfer ESA SRFs + HITRAN — 57 lookup tables (3 satellites x 19 sun angles)

Plume simulation Gaussian puff + turbulent wind — 25k shapes at 1000 kg/hr

Scene sampling Element84 STAC — S2 L1C target, T-90 x2, T-365 + SCL, 2021-2025 TARGET t,

EL FURRIAL -+ VE ZARZAITINE - DZ TURAIF - SA BLOCK 9 - OM

02 Why Synthetic Data?

Plume insertion Rescale to 500-50,000 kg/hr, rotate, place on valid surface; B11/B12 only

REAL DATA SYNTHETIC DATA (TS2M-S)

Noisy labels: plumes have no crisp edge Exact labels: the inserted concentration is known DETECTED DLUME
Labels Synthetic image - frac map - plume mask - source point - exact flux
Scale: 4,000+ confirmed S2 plumes ~[550k] samples, generated on demand P = pool N refs (mean | max) reskw free e
__~—_concat with target - 1x1 conv
Bias: a few hotspots dominate Backgrounds from 3,095 tiles worldwide i
DIFFICULTY 30% weak - 50% moderate - 20% strong 630 kg/h 200 kg/h
Flux is back-calculated Emission rate is a controlled input
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MethaneMapper retrievals over oil & gas sites in five countries, 2023-2025; flux Q per detected plume.
COVERAGE - REAL vs SYNTHETIC -
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a- Wb - o - Source Synthetic plumes in real S2 scenes UNEP Eye on Methane, S2-confirmed Each plume gets a flux Q from its retrieved column enhancement (mol/m?) and wind:
= " R TRAIN - target + 2 refs INFER - any N refs [method, e.g. IME]. Estimates span 200 kg/hr to 35 t/hr.
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E 10 100 1,000 . Test split TS2M-Synt 6K (held out) TS2M-V2 El Furrial 35,000
- TS2M-S - 3,095 S2 tile; over O&G basins, 9 regions 72% of real plumes come from 3 countries Multi-band Multi-Pass View Ground Truth Methane Plume Likelihood Predicted Methane Fractional Change : 5 1 Zarzaitine 11,000
® TS2M-R - 4,326 confirmed plumes from 570 sources Turkmenistan 45% - Algeria 21% - Iran 6% HMODEL FSEM-R Turaif 5,000
MethaneMapper (synthetic only) 82% 73% 75% 70% UTGA 3,857
) Block 9 '24 3,000
. Same model, trained on real only 42% 35% 38% 30% _
O 3 The PhyS|CS Hassi Messaoud 2,400
Block 9 '23 2,000
: : . . . GC-28 630
CH, absorbs strongly in B12 (~2190 nm) and only weakly in B11 (~1610 nm), f 75%+ of confirmed real Sentinel-2 plume events recovered, with no real Contral SA 200
so a plume darkens B12 relative to B11. We measure the fractional change of data in training. i ' ' '
the band ratio- 100 1,000 10,000 100,000

10 GoPilot in Action

frac=1 - (B]_Z’ / B1 1’ ) / (B]_Z / Bll) frac>0=CH 4 Held-out synthetic sample: multi-pass input - ground-truth plume - predicted fractional change.
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