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Mongolia’s forests represent a substantial and largely unmonetised carbon stock. Yet forest carbon narrative has been shaped almost entirely by afforestation: the national Billion Tree Program and related reforestation initiatives have attracted significant international attention as a carbon sequestration opportunity. This emphasis, while valuable, overlooks a parallel and equally important opportunity, reducing emissions from the loss and degradation of existing forests through fire risk management. Wildfire is the primary threat to Mongolia's forest, capable of releasing decades of sequestered carbon within a single event. Spatially explicit deforestation risk modelling is therefore not merely a scientific exercise: it is the analytical foundation for quantifying, verifying, and ultimately trading avoided emission reductions from existing forests in international carbon markets. This study presents the application of an open-source spatial risk modelling tool to Mongolia's closed-canopy forest cover, using Global Forest Change (GFC) satellite data for three reference periods: 2010, 2018, and 2023.
The tool implements a binomial logistic regression with an intrinsic Conditional Autoregressive (iCAR) spatial random effect, estimated via Bayesian Markov Chain Monte Carlo (MCMC) sampling. The iCAR component explicitly captures spatial autocorrelation in deforestation probability across user defined neighbourhood structure, which standard logistic regression and machine learning models cannot do. GFC data at 30×30 metre resolution (pixel area = 0.09 ha) defined binary forest cover change across a 13-year historical calibration period (2010–2023). A balanced sample of 10,000 deforested and 10,000 forested pixels was drawn by stratified random sampling. The plugin's default candidate variable set comprised: distance to rivers, roads, forest edge, and settlements; protected area status; altitude; and slope, all sourced from global open datasets. Additional Mongolia-specific variables were prepared and tested: MODIS fire hotspot presence (time-stratified: 2010–2017 for period 1; 2018–2023 for period 2), burnt area (binary presence), and global population density (untransformed continuous values). 
Two model configurations are reported and compared. The primary model retained only distance to river alongside the iCAR spatial random effect, with all other default and additional variables dropped automatically. The alternative model was run without the fire hotspot, burnt area, and population density variables, retaining the same default variable set. Table 1 presents the model comparison statistics.
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	Parameter
	Primary model (with fire/pop)
	CI 95% (primary)
	Alternative model (without fire/pop)
	CI 95% (alternative)

	Intercept
	−2.18
	−2.47 to −1.78
	−1.69
	−1.92 to −1.43

	Distance to river
	−0.135 ✓
	−0.232 to −0.048
	−0.012 ✗
	−0.084 to +0.048

	Vrho (spatial variance)
	21.9
	19.3 to 25.0
	5.53
	2.96 to 8.59

	Residual deviance
	12,695
	12,600 to 12,800
	11,300
	10,300 to 12,400


✓ = credible interval does not cross zero (significant); ✗ = credible interval crosses zero (not significant)
In the primary model, distance to river is a statistically significant predictor (CI: −0.232 to −0.048). In the alternative model run without fire-related variables, the same coefficient becomes non-significant, with its credible interval crossing zero (CI: −0.084 to +0.048). This demonstrates that river proximity does not independently drive deforestation risk in Mongolia: rather, it is a spatial proxy for fire-mediated human access. A distinctly Mongolian dynamic underlies this finding. Winter timber harvesting and other forest resource extraction follow frozen rivers as the primary access routes into otherwise inaccessible mountainous terrain. Proximity to a river therefore represents accessibility in winter, the season of active forest use, not agricultural or settlement pressure as it would in tropical REDD+ contexts. This interpretation has a direct management implication: the development of year-round road infrastructure into forested areas could reduce reliance on frozen river access, making forest use more controllable and monitorable, and thereby reducing risk.
Despite limitations, the iCAR risk map produced by the tool provides an actionable foundation for Mongolia's engagement with carbon markets. Mongolia's current carbon finance activity is concentrated in afforestation under the Billion Tree Program, but this study argues for a complementary and equally important second track: avoided emissions from deforestation risk reduction. Every hectare of standing forest protected from fire represents a verifiable emission reduction that can be quantified against a credible baseline, validated through the risk map framework, and traded under Verra's VM0048 methodology (module VMD0055; tool VT0007) or the ART-TREES jurisdictional standard. The tool was specifically designed to meet these methodological requirements: it produces the benchmark risk map, supports validation against alternative models, and enables proportional allocation of activity data to project areas, the three core technical requirements for carbon credit issuance under VM0048. A dual-track carbon strategy, afforestation credits alongside avoided deforestation credits from fire management, would more fully monetise Mongolia's forest sector contribution to its Nationally Determined Contribution under the Paris Agreement.

