Towards Tracking Wetland Methane Emissions over India Using Multi-Satellite Measurements and Modeling: Part A (Natural Wetlands)
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[G Tracking Wetland CH+«: Why It Matters J [Q Emission Model Framework J [a A Larger, More Realistic Picture J

= Wetland fraction is a weighted blend of Sentinel-2 (0.5), Sentinel-1 (0.25), and MODIS
(0.25) detections, further constrained by the GIEMS-MC global inundation dataset.

= National estimate: ~0.5-2.5 Tg CH. yr'! (2018-2023) across the 18-member ensemble.

= Exceeds WetCHARTS (~0.06-0.5 Tg yr'!), which relies on coarse (0.25°-0.5°), largely
static wetland masks.

* Wetlands are the largest natural CH, source, contributing 20-40% of global methane
emissions.

= CH4 emission responds to climate through three pathways: temperature-dependent
heterotrophic respiration, temperature scaling of CH. production, and precipitation-based
modulation of wetland activity.

= India's wetlands are small, fragmented, and strongly monsoon-driven — poorly captured

by coarse global products. = Aligns closely with an independent atmospheric-inversion estimate (Janardanan et al. 2020,

~2.4 Tg CHa yr'h).

= Lower than the Global Methane Budget's regional estimate (Saunois et al., ~5—6 Tg CH.
yr'') — reflecting a narrower, natural-wetland-only definition.

= Global datasets diverge wildly: GLWD reports 35.2 million ha nationally, vs. 6.5 million ha
(SAC-ISRO Atlas) and 1.3 million ha (Ramsar) — a >25x spread.

= Indian wetlands remain underrepresented in the global CH. budget and are often omitted
from national GHG inventories (UNFCCC submissions) for lack of robust methods. e ~N

Governing equation for wetland CH4+ emissions used in this study
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= 18-member ensemble: 3 global scaling factors x 3 temperature dependencies (q10) x 2
wetland-extent representations.

= Wetlands contribute an estimated ~5—7% of India's national CH4 budget.

National Wetland CH; Emissions, 2018-2023: This Study vs. WetCHARTs
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Fig. 7— CH4 emission estimates by model and year (2018-2023), spanning the full

J Fig. 4 — Flowchart of the proposed methodology for estimating wetland CH« emissions.
18-member ensemble.

[6 Methods: Satellite Wetland Mapping
= Fuse Sentinel-1 SAR, Sentinel-2 optical imagery (5 indices — NDWI, MNDWI, NDVI,
NDTI, NDPI), and MODIS across six ecological zones.

= Seven index combinations tested; Combination 5 (NDWI+MNDWI+NDVI+NDTI, 2-o0f-4
rule) gives the most realistic, balanced detection nationwide.

(@ India's First 1 km Wetland Map (2018-2023) |
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= North — Himalayan floodplains and

high-altitude lakes. Fig. 5 — Satellite-derived wetland map of India at 1 km resolution, with regional insets for

- East — Ganga—Brahmaputra basin and the Ganga—Brahmaputra basin, Assam, and Kerala.

Sundarbans mangroves.

= West — arid-zone salt flats and coastal
lagoons.
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Fig. 8 — Sukhna Wetland (Chandigarh): captured by this method, missed entirely by
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mangroves), the Assam floodplains, Mahanadi
and Godavari—Krishna deltas, and Kerala's
backwaters.

North-East, Islands) to capture their highly uneven distribution. Combination 5 consistently
improved detection over earlier combinations in every zone — most strikingly in data-sparse
regions such as Assam, Kerala, Goa, and the Islands, where coarser products (GLWD) report
little to no wetland area at all.
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= First satellite-constrained, high-resolution (1 km), multi-year (2018-2023) natural-wetland
Emissions follow a pronounced monsoon cycle —

Wetland Area by Zone
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