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What’s the issue?

Biodiversity has been recognized as an inseparable component of sustainable development [1,
2]. Agricultural biodiversity, or agrobiodiversity, is one of the central elements of biodiversity
that offers opportunities for multiple benefits across socioecological systems. It is well-
established that increasing agrobiodiversity is a vital and sustainable farm- and landscape-
management strategy that helps control pests, diseases, and weather-related stress [3-5].
Increased agrobiodiversity has also been linked with improved human diets [6-8]. In developing
country contexts, it can be an effective strategy to overcome challenges associated with
population growth and climate change [9]. However, these same problems put enormous stress
on agrobiodiversity itself [10], mostly through land-use intensification and agricultural
landscape homogenization driven by socioeconomic pressures [11-13]. Previous analysis that
used a database with wide geographic and taxonomic coverage to quantify local biodiversity
responses to land use and related changes showed that agrobiodiversity is deteriorating
globally at alarming rates. Losses are mostly concentrated in biodiverse but poor countries [14].

Given its importance for food and nutrition security [15] and its dependence on human
management [16], enhancing agrobiodiversity must be considered as a pathway and
investment priority for reaching global development goals [17,18]. However, few studies have
evaluated the socio-economic and ecological viability of agrobiodiversity options for adaptation
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and mitigation in response to future challenges brought on by climate and socio-economic
change [19]. Forward-looking systems analyses that capture the complexities of external
factors, human management, and potential benefits of ecosystem changes are needed [20, 21].
Such studies would be useful for decision-making on multiple levels, including through their
ability to highlight the trade-offs that exist between immediate human needs and the capacity
of ecosystems to provide goods and services in the long term [22].

What research has been done?

Three recent studies tried to bridge the knowledge gap on the relation between the long-term
impacts of global changes on agrobiodiversity and their role in reaching global development
goals [23-25]. The studies provided initial insights into the impacts of global drivers of change
on socioecological systems and assessed ex-ante strategies - those based on agrobiodiversity, in
particular - that improve system resilience and generate synergies across sustainable
development goals. Each of the studies used the global economic model IMPACT [26] in
integrated assessments with other models to analyze different scenarios of global climate,
population and income change, quantifying their impacts on food and agricultural systems to
2030 or 2050. The global results informed further national- to landscape-scale analyses. These
studies quantified consequences of affected changes for specific socioecological systems,
assessing vulnerabilities of the systems, and exploring agrobiodiversity-based measures that
could respond more effectively to and even bounce back better after disruptions.

In the first study, Enahoro et al. linked IMPACT to CLEANED-R, an environmental impact
assessment tool that computes livestock-driven changes in land-use [25,27]. The results were
further analyzed with an integrative modelling tool, MESH, that quantifies changes in
ecosystem services supply that resulted from land-use change [27]. In the second study, Kozicka
et al. extended this analysis by assessing the implications of these changes for the Sustainable
Development Goals (SDGs) [24]. The authors linked various models to develop a foresight tool
that can quantify the impact of future demand for animal-source foods on the provision of
ecosystem services and SDGs. In both studies, the tool was applied to a case-study of Tanzania
until 2030 under various land-use management strategies, focusing on agroforestry and
silvopasture. In the third study, Kozicka et al. linked IMPACT to a bio-economic farm-household
optimization model, FarmDESIGN, to assess the impacts of crop diversity on vulnerability and
resilience of a small-scale farm-household in Uganda in 2050 in response to future climate
change and a large-scale banana disease outbreak [23, 29].

What has the research found?

The relationship between income and human diets, expected global population growth, and
their joint impact on biodiversity and the capacities of production systems to support the
provision of ecosystem services over the long-term have been identified as amongst the biggest
threats to sustainable development [30, 32]. Enahoro et al. showed that higher future demand
for animal source foods (ASF) in Tanzania, driven by steadily rising income, will have
implications for land-use change and ecosystem services (ESS) provision locally [25]. The
adoption of diversified farming practices, together with advancements in crop technology,



showed potential to almost fully mitigate the expected negative impacts. Kozicka et al. linked
these cross-scale effects to the provision of SDGs [24]. The authors demonstrated that income
growth and dietary change will have positive contributions to the achievement of SDG 1 (No
Poverty) and SDG 2 (Zero Hunger) in Tanzania on a macro-level. However, the land-use changes
associated with these poverty and dietary goals will potentially threaten achieving numerous
other SDGs and more generally attaining sustainable food systems on a landscape level.
Ecosystem-based contributions will primarily decline to SDGs: SDG 3 (Health), SDG 6 (Clean
Water), SDG 11 (Sustainable Cities), SDG 13 (Climate) and SDG 15 (Terrestrial Life). The authors
found that higher crop productivity and a redesign of agro-ecosystems to increase on-farm tree
cover could significantly limit these losses.

Climate change impacts on agricultural productivity and prices will be unequally distributed
across the world, with some areas actually benefiting from adjusted climatic conditions and
some crop yields changing more than others [33-35]. Moreover, it is expected that climate
change will increase the frequency and severity of pest and disease outbreaks [36, 37]. Kozicka
et al. considered a specific farm-household with multiple objectives, such as higher income,
better nutrition and healthy soil [23]. The authors then analyzed how each of these objectives
could be affected by future changes in the food systems as a result of climate change, as well as
a severe banana disease outbreak. They showed that the composite effects of these shifts by
2050 on a typical smallholder farm in Uganda are complex, but overall negative. The authors
demonstrated, however, that increased crop diversity could improve a farm household’s
capacity to adapt to these shifts and hence increase its resilience measured by the recovery of
the farm's performance.

What gaps deserve future work?

To ensure the sustainable use of agrobiodiversity in the future, it is imperative for investors,
policy makers, and practitioners to address trade-offs between ecological and social outcomes
occurring both in the short- and the long-term in decision making [38, 11]. Additional work
analyzing these trade-offs and constraints on the adoption of agrobiodiversity-based
interventions at different scales will be useful for designing appropriate institutional and policy
investments. Much of the evidence so far is highly context-specific, with more work needed to
understand the potential of agrobiodiversity under varied factors of global change (e.g.,
population growth, globalization, and urbanization), in different agroecological systems, and for
countries at diverse levels of economic development.

Integrated models built on such analyses will be particularly important to investigate and
guantify complex system interactions [39-41]. Scenario analyses that link global development
pathways and regional decision-making can be useful to inform how to locally ensure human
well-being and environmental sustainability under global pressures, and in turn, how local level
decision-making contributes to climate change management and mitigation [42].
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