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Grasslands cover 71.8% of Mongolia’s territory (112 million hectares), supporting
71 million livestock and contributing 30% to the national GDP through pastoral
economies. National reports indicate that 60% of these grasslands are degraded, with|
75% affected by desertification due to overgrazing, climate change, and infrastructure
development. However, there is no specific research-based assessment to verify these
estimates. Traditional monitoring methods, which rely on qualitative observations and,
limited field surveys, lack the precision, spatial coverage, and temporal frequency)|
needed for effective land management. This dissertation addresses these challenges by
developing a novel multi-satellite remote sensing framework that integrates
high-resolution PlanetScope (3.125 m) and low-resolution Visible Infrared Imaging
Radiometer Suite (VIIRS) (375 m) imagery to enable accurate, scalable, and weekly
biomass monitoring across Mongolia’s diverse grasslands. The research focuses on
desert, dry steppe, and mountain grasslands, using spectral harmonization to align
satellite data, offering a robust solution for sustainable management.

The primary objectives are to:

(1) Develop a biomass estimation model using PlanetScope imagery.

(2) Adapt the model to VIIRS imagery utilizing Spectral Harmonization with Spectral
Band Adjustment Factors (SBAFs).

(3) Estimate and monitor grazing impacts by comparing grazed and ungrazed
orasslands.

(4) Enable large-scale, weekly biomass mapping across Mongolian grassland.

The study was conducted in three representative sites: Olon-Ovoo Bag (desert,
Dalanjargalan Soum), Lkhumbe Bag (dry steppe, Tumentsogt Soum), and Jargalant
Bag (mountain, Mungunmorit Soum). These sites, selected in collaboration with
Yamaguchi University and the Botanic Garden and Research Institute, Mongolian

Academy of Sciences (BGRI-MAS), span Mongolia’s ecological diversity, 83% of

Mongolian grassland area.
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The methodology integrates field and satellite data. Field campaigns (2020-2023)
collected aboveground dry biomass (ADB) from 85 plots (1 m?) using standardized

clipping and drying protocols, alongside surface reflectance (ASD FieldSpec) and
oeolocation (Garmin Etrex). Satellite data included 343 PlanetScope images
(geometrically corrected using ground control points and radiometrically corrected),
VIIRS SDR data (converted to surface reflectance), and Hyperion EO-1 imagery for
spectral harmonization. Preprocessing made the data more reliable by fixing location
errors, converting it to surface reflectance, and adjusting the values for grassland
areas.

The biomass estimation model used PlanetScope’s normalized difference vegetation
index (NDVI) through linear regression with field data. Separate models for desert, dry,
and mountain grasslands yielded R? values of 0.65, 0.82, and 0.80, respectively, with a
combined R? of 0.62 and root mean square error (RMSE) of 35.28 g/m?. The regression
equation, y = 309.72x + 8.5032 (y = biomass, x = NDVI), outperformed a combined
model, reflecting ecological variability. To extend this to VIIRS’s coarser resolution,
SBAFSs, derived from Hyperion data, aligned spectral bands (e.g., red: 600—680 nm for]
PlanetScope vs. 650—680 nm for VIIRS), reducing red-band discrepancies from 6.2% to
4.8%. This enabled the adaptation of the model to harmonized VIIRS data (P375, 375 m
resolution), allowing biomass estimation at a national scale.

Biomass mapping revealed ecological insights. PlanetScope estimated mean ADB|
(2020—2024) as 49 g/m? (desert), 110 g/m? (dry), and 136 g/m? (mountain). Harmonized
VIIRS estimates were 54 g/m? (+10.5%), 122 g/m? (+9.6%), and 134 g/m? (-1.9%), withl
an overall RMSE of 11.6 g/m?, R? of 0.92, and mean difference of 10.74%. Bag-level|
comparisons showed strong agreement, especially in mountain grasslands. Weekly
five-year mapping indicated a national mean biomass of 71.4 g/m?, peaking at 78 g/m? in|
2024, reflecting seasonal and regional trends.

Time-series analysis (2020-2023) quantified grazing impacts. Desert grasslands
exhibited severe degradation, with biomass declining from 62 g/m? to 33 g/m? and an
increasing grazed—ungrazed gap (trend slope = 0.12), indicating overgrazing. Dry and
mountain grasslands were more stable (slopes = 0.06 and 0.03), suggesting resilience.
These trends align with national reports of 60% grassland degradation, underscoring
the need for targeted management.

The framework’s strengths include combining PlanetScope’s high resolution with

VIIRS’s frequent coverage, enabling scalable monitoring across the Mongolian
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grassland. It supports Mongolia’s 26% pastoral households by optimizing grazing and
informs policies to combat degradation. Globally, it contributes to carbon monitoring, as
ograsslands cover 38% of the terrestrial land. Limitations include NDVI’s sensitivity to
soil background, VIIRS’s coarser resolution (10.5% error in desert), and limited ground|
surveys (85 plots). Future work will focus on advanced harmonization using alternative
hyperspectral sources or Al-driven methods, developing a weekly cloud-based and|
mobile monitoring platform, and extending the framework to other Central Asian
orasslands.

This dissertation’s novelty lies in its pioneering integration of high-resolution
PlanetScope and low-resolution VIIRS for grassland biomass, using SBAF's to overcome
spectral and resolution disparities. The proposed methodology is scalable, cost-effective,
and transferable to other semi-arid grassland regions, offering a blueprint for
sustainable land management. By addressing the Mongolian grassland degradation|
crisis, this research will advance satellite remote sensing technology and support|

ograssland ecosystem sustainability and economic resilience.
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