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ABSTRACT

The principal objective of the current study was to investigate how the new generation
multispectral remote sensing, along with variants of the Bayesian hierarchical geostatistical
methodology, could handle prediction uncertainty of carbon (C) stock. The assessment of C stock
prediction uncertainty was conducted in a managed and disturbed plantation forest ecosystem
located in Manicaland province of Zimbabwe. To achieve this, the study made use of ancillary data
from the multispectral (Landsat-8 and Sentinel-2) remote sensing platforms, which informed the
application of different inferential and methodological variants within the Bayesian hierarchical
geostatistical framework. Allometric equations suited for the target plantation tree species in the
sampled region were used to derive C stock from Above ground Biomass (AGB) sampled on 500
m? circular supports. These Bayesian geostatistical models utilized a combination of Landsat-8 and
Sentinel-2 derived vegetation indices, along with climatic and topographic variables. The study
found that the Normalized Difference Vegetation Index (NDVI), Distance to settlements (DIST),
and Soil Adjusted Vegetation Index (SAVI) played crucial roles in influencing the spatial
distribution of C stock in the studied region. Enhanced Vegetation Index (EVT) is an insignificant
predictor for both Landsat-8 and Sentinel-2 driven C stock predictions. Among the tested Bayesian
approaches, the spatially varying coefficient (SVC) model, the multi-source data-driven Bayesian
geostatistical approach, and the frequentist geostatistical framework were examined. Regardless of
the various specifications for independent variables in the predictive C stock modelling within the
Bayesian framework, NDVI and DIST emerged as significant predictors of the modelled response
variable. The non-stationary and Sentinel-2 driven Bayesian hierarchical model, with NDVI and
DIST covariables, proved to be the most effective prediction model in the studied plantation forest
ecosystem in Zimbabwe. This best-performing C stock predictive model was subsequently used to
predict C stock under both current (1970-2000) and future (SSP5-8.5) 2075 climate scenarios. The
results of the Bayesian constructed hierarchical model indicate a significant shrinkage of forest C
stock density and distribution under the future SSP5-8 (2075) business-as-usual climate projection.
Basically, the findings of this study highlight the critical role of new generation multispectral
remote sensing and Bayesian geostatistical approaches in assessing and predicting carbon stock
uncertainty in forest ecosystems. These insights have significant implications for informed land
management strategies, aligning with the goals and recommendations of the Intergovernmental
Panel on Climate Change (IPCC) to effectively address climate challenges and enhance sustainable

land management practices.
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General Introduction
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1.1. Introduction

Due to compelling evidence of the earth's increasing global average temperature, extensive
research has been conducted to comprehend carbon sequestration dynamics of forest
ecosystems (Wysowski, 2010). The disappearance of certain forest types and species through
disruptions of ecological functions is clear testimony of the adverse effects of rising global
temperatures (Wysowski, 2010). In addition, probable impacts of climate change are confirmed
by the continued sea level rise, massive decrease in agricultural production and continued
aridity (Wysowski, 2010). The biggest culprit behind the global warming phenomenon is the
inert carbon dioxide (CO.) gas, making solutions and efforts aimed at curtailing its levels in
the atmosphere the most pragmatic approach (UNFCCC, 1998) for combating climate change
impacts. Making headway in this endeavour, particluarly on the African continent is
challenging as lives of the majority of the population is heavily dependent on the exploitation
of primary resources that are responsible for atmospheric CO2 emissions. For instance, the
UNFCCC (UNFCCC, 2020), attributes the sub-Saharan African region as one of the
overexploited forest resource regions of the world. This development poses significant threat
to the global climate mitigation policies under the United Nations Framework Convention on
Climate Change.

Planted and indigenous forest ecosystems in the developing world are increasingly coming
under pressure from the rising demand of forest and land-based products and services
(European Commission, 2017). This has led to the conversion or degradation of forest
plantations and natural woodlands into unsustainable forms of land use (Ter-Mikaelian &
Korzukhin, 1997). Such cases are particularly widespread in the developing world where
appetite for forest products is high, mainly due to poverty and population growth. The severe
degradation of forests compromises their capacity to function as regulators of the natural
environment resulting in increased flood, erosion hazards, reduction in soil fertility and a loss
of animal and plant life (Overman, Witte, & Saldarriaga, 1994). Accordingly, sustainable
supply of goods and services from plantation ecosystems is threatened. The growing population
and subsequent expansion of anthropogenic activities like infrastructure and settlements is
threatening global forest cover. This trend is evident and predominant in most developing
regions of the world, particularly the tropical rainforest belt of the African continent where the

potential for carbon sequestration is greatest (Overman, Witte, & Saldarriaga, 1994).




1.2. The land reform programme and plantation forests in Zimbabwe

Zimbabwe’s land reform officially started in 1980 after the signing of the Lancaster House
Agreement (Falkowski et al., 2000). This was done in order to create an equitable distribution
of land between subsistence farmers and white commercial farmers who owned large
commercial farms in the country (FAQ, 2018). The programme was mainly implemented on a
willing buyer willing seller basis. However, the government fast tracked the reform programme
at the beginning of the year 2000. By the year 2011, approximately 237,859 Zimbabwean
households had been resettled and provided with access to land under the Fast Track Land
Reform programme (Forestr