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Abstract

This research analyzes greenhouse gas (GHG) emission sources and carbon sinks of
maize (feed corn) and Arabica coffee production systems in highland areas, and develops
carbon balance strategies through community participation. A participatory, area- based
approach was applied, integrating geospatial analysis and life cycle assessment (LCA) under a
cradle-to-first buyer boundary, with targets and indicators defined for nine pilot communities

in northern Thailand.

Baseline results for 2025 show that the maize system emits an average of 4,380
keCO,eq/ rai/ year, dominated by Scope 1 emissions (75% ), followed by Scope 3 (23%) and
Scope 2 (2%). Key sources include chemical fertilizer production, transportation, pesticide
production, crop residue burning, and fuel use for tillage. Soil carbon stocks (0-30 cm) range
from 7.94 to 9.32 tons/rai and do not differ among soil management systems. Carbon
sequestration declines with increasing slope, resulting in a positive net carbon balance (+1.19

tCO.eq/rai/year), indicating a net-emission system.

The Arabica coffee system emits an average of 5,440 keCO,eqg/rai/ year, with Scope 1
accounting for 76%, Scope 3 for 19%, and Scope 2 for 5%, mainly from nitrogen fertilizer use.
Shade-grown and agroforestry coffee systems show high sequestration potential, with average
soil carbon stocks of 18.83 + 2.72 tons/rai and biomass carbon sequestration of 6.31 + 1.15
tCO.eq/ rai. Carbon sequestration is negatively related to slope and positively related to
elevation, yielding a sequestration-to-emission ratio of 6.5:1 and a net carbon sink of —29.92

tCOzeq/rai/year.

Carbon balance strategies for upland areas should be guided by land-use zoning based
on topography. Maize systems should prioritize eliminating residue burning, returning
processed crop residues to soils, and improving nitrogen and energy efficiency, while Arabica
coffee systems should promote shade-grown and intercropping practices to enhance carbon
permanence and reduce high-emission activities. These actions should be supported by MRV
systems and linkage to voluntary carbon markets to enable a transition toward low-carbon

upland agricultural landscapes.

Implementation in six pilot communities reduced emissions by 1.6-2.3 tCO,eqg/rai/year
and increased carbon sequestration by 5.2-5.8 tCO,eq/ rai/ year, achieving very good to
excellent performance (88.6-98.4 points) with over 90% community participation. These
findings demonstrate that highland communities can transition toward a sustainable low-
carbon society with appropriate technological and participatory support, consistent with SDGs
13 and 15 and Thailand’s carbon neutrality target for 2050.

Keywords: Highland areas Greenhouse gases Carbon credits Geographic information systems

Circular economy
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