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Sowing Sustainability: Brazil’s Path to Food Security and Climate Resilience

“Quem planta, colhe,” loosely translated as “you reap what you sow,” is a familiar saying across Brazil.
Although often spoken in everyday life to teach moral responsibility, this proverb assumes a more literal
and urgent meaning when applied to Brazil’s agricultural reality. Brazil is one of the world's largest
agricultural producers and exporters, responsible for feeding millions globally with products such as
soybeans, sugarcane, beef, and coffee. Agriculture is not only central to Brazil’s economy, but to its
culture and social structure, particularly in rural areas where livelihoods are intimately tied to the land.
Roughly 30% of Brazil’s land is used for agriculture, which contributes to over 20% of its GDP when
considering direct and indirect outputs (IBGE, 2023). However, this tremendous productivity has come at
a cost. The same sector that provides food and employment is also a leading source of greenhouse gas
emissions, particularly nitrous oxide (N:0)—a gas nearly 300 times more potent than carbon dioxide and
the most significant contributor to ozone depletion in this century. N-O is primarily released from
excessive nitrogen fertilizer use, especially in large-scale, industrial agribusiness operations (Rede
Penssan, 2022). As over 33 million Brazilians experience food insecurity, the environmental degradation
caused by unsustainable agricultural practices further threatens the country's national food systems. Brazil
must now confront a reality in which what it “plants”—in terms of land use, resource management, and
agricultural practices—it will inevitably “harvest” in the form of ecological, social, and economic
consequences.

Brazil’s agricultural identity is closely tied to its land, people, and regional diversity. With a population
exceeding 215 million, the country is vast in terms of geography and climatically diverse, ranging from
the tropical Amazon Basin to the temperate grasslands in the south. Approximately 13% of the population
resides in rural areas, where agriculture is both a primary livelihood and a way of life (IBGE, 2023). A
typical rural family in Brazil consists of around three to four members, often living and working on small
family farms of less than 25 hectares in size. These households cultivate staple crops such as cassava,
beans, rice, and maize, and sometimes keep livestock for meat or dairy production. However, Brazil’s
rural economy is bifurcated: while family farmers produce around 70% of the food consumed nationally
(IPEA, 2019), they coexist with massive agribusiness operations that dominate export markets and land
ownership. The result is a widening disparity in access to resources and economic opportunities.

Infrastructure in rural Brazil is often inadequate. Many communities lack reliable access to electricity,
clean water, sanitation, internet, or paved roads. Schools and health clinics are often distant and
underfunded, resulting in inconsistent access to education and healthcare. Most families rely on traditional



cooking methods, using wood or gas, and source their food from local markets or grow it at home (Rede
Penssan, 2022). Despite these challenges, rural populations possess a deep understanding of agriculture
and cultural resilience. Their historical connection to the land is a strength often overlooked in top-down
development programs. For Brazil to successfully reform its food systems, rural families must be seen not
as passive beneficiaries of policy but as active agents in shaping a sustainable future.

Brazil’s agricultural success is paradoxically one of its most significant environmental and social
challenges. The country is among the top global emitters of nitrous oxide due to the widespread use of
nitrogen fertilizers in large-scale monocultures, such as soy and corn (FAO, 2021). While institutions like
Embrapa have promoted sustainable practices, such as no-till farming and integrated crop-livestock
systems, these efforts are limited by political instability, uneven funding, and lack of outreach. The most
harmful farming practices persist in the country’s most productive zones, particularly in the Amazon and
Cerrado biomes, where land is cleared for grazing or monoculture, resulting in significant biodiversity
loss and increased carbon emissions.

This crisis affects multiple dimensions of Brazilian society. Rural communities face soil degradation,
reduced yields, and water shortages, resulting in declining incomes and forced migration. Urban
populations not only feel these consequences through food price inflation and dependence on imports, but
also through increased migration flows from rural to urban areas, straining already fragile housing,
healthcare, and employment systems. Brazil’s urban poor are especially vulnerable, as they are more
likely to experience food insecurity when agricultural shocks ripple through national supply chains.
Marginalized groups—including Indigenous peoples, Afro-Brazilian quilombola communities, and
smallholder farmers—are disproportionately impacted. These groups are often displaced from ancestral
lands and face systemic barriers to resources, representation, and policy support. Environmentally,
continued overuse of chemical fertilizers pollutes Brazil’s rivers, erodes topsoil, and contributes to climate
change. Sustainable agriculture is not just about food—it is about climate, equity, health, and survival.

Two complementary solutions offer a promising path toward agricultural sustainability in Brazil: the
implementation of the ANOMaLY system and the expansion of agroecological practices.
ANOMaLY—short for Analyzing Nitrous Oxide through Machine Learning—is a predictive emissions
model that utilizes real-time satellite imagery, soil chemistry data, and local weather conditions to identify
and forecast agricultural N:O (nitrous oxide) emissions hotspots. Built upon a physics-informed machine
learning framework, ANOMaLY processes thousands of data points to detect regions where fertilizer
overuse leads to disproportionate emissions. By leveraging free-access satellite data, such as the European
Space Agency’s Sentinel-2, and integrating climate variables and regional soil conditions, ANOMaLY
delivers localized emission forecasts with over 90% accuracy.

The strength of the ANOMaLY system lies in its accessibility and scalability. Unlike traditional
field-based emissions monitoring, it does not require costly physical sensors or specialized on-site
equipment. Its outputs can be delivered digitally, through maps and dashboards, or even in low-tech
formats for rural farmers with limited internet access. In early analyses, ANOMaLY identified that
approximately 55% of agricultural N2O emissions in test regions originated from just 3% of farmland.
This enables extremely targeted interventions, such as optimized fertilizer use, cover cropping, or
mulching, in the most critical zones, leading to maximum environmental benefits with minimal disruption
to productivity.



In tandem with ANOMaLY, agroecological methods such as crop diversification, composting,
intercropping, and no-till farming can restore soil fertility, improve biodiversity, and reduce dependency
on synthetic inputs. These practices are already well-known to many Brazilian family farmers and closely
align with traditional and Indigenous agricultural knowledge. While ANOMaLY identifies where action is
needed most, agroecology provides the tools to act, creating a powerful synergy between data science and
ecological stewardship.

Brazil’s current agricultural programs, such as the ABC (Low-Carbon Agriculture) initiative, have laid a
foundation for sustainable land use but lack precision in implementation. Integrating predictive
technology, such as ANOMalLY, could strengthen these policies by offering spatially specific, real-time
recommendations. Additionally, neighboring countries such as Argentina and Uruguay have adopted
precision agriculture and satellite-supported emissions management, demonstrating the feasibility of
similar solutions across Latin America. Brazil, with its vast agricultural infrastructure, research
institutions, and climate-sensitive biomes, is especially well-positioned to scale this innovation
effectively.

A phased national implementation of the ANOMaLY system is recommended to address Brazil’s growing
challenges of agricultural emissions, soil degradation, and food insecurity. The rollout should begin in
high-impact agricultural states such as Mato Grosso, Bahia, and Parana, which have both significant crop
output and high fertilizer usage. The initiative would involve gathering soil and climatic data from
regional agricultural zones, integrating them with open-source satellite imagery, and processing this
information through the ANOMaLY model to produce real-time emissions maps and fertilizer guidance.
To ensure successful adoption, national agricultural research institutions such as Embrapa should lead
technical development, while universities and climate labs conduct regional modeling and analysis. Local
farmer cooperatives, NGOs, and community-based extension services would facilitate outreach,
education, and feedback loops. These organizations can translate model outputs into actionable farming
practices and ensure that tools are adapted to regional languages and cultural practices. The project should
be inclusive of smallholder farmers, with training programs developed to bridge digital literacy gaps and
empower users to effectively apply the recommendations. As a first step, a pilot study in one agricultural
zone—such as Mato Grosso—could demonstrate the system’s effectiveness before scaling. This would
provide both proof of concept and an opportunity to refine implementation strategies.

The projected impact of this initiative includes a reduction of up to 55% in agricultural nitrous oxide
emissions, increased crop yield efficiency through optimized fertilizer application, and the regeneration of
degraded soil ecosystems. These outcomes would not only support Brazil’s national climate goals and
improve food security but also enhance resilience against future climate shocks. A preliminary rollout
timeline could span five years, beginning with pilot studies in years one and two, expansion to
high-impact states by year three, and national scaling by years four and five. Estimated pilot costs could
range from $15-20 million USD, supported by climate funds and international grants. While the system
depends on accurate soil and weather data, existing infrastructure—including Brazil’s robust satellite
monitoring capabilities—offers a strong foundation for deployment. Challenges to the approach include
technological adoption barriers in remote areas, the need for continuous data quality control, and initial
skepticism from farming communities. However, these concerns can be addressed through early
stakeholder engagement, transparent data practices, and pilot programs that demonstrate measurable
benefits at the local level.



Funding for the project could be sourced from a combination of federal climate and agricultural
development funds, international sustainability grants (such as from the Green Climate Fund), and
partnerships with agri-tech and environmental organizations. For the system to thrive, enabling policy
frameworks must support data sharing, farmer privacy protections, and incentives like carbon credits for
emissions reductions. Brazil brings multiple strengths to this effort, including a world-class agricultural
research sector, an established satellite infrastructure, and a network of highly adaptable family farmers.
By deploying a technology like ANOMaLY alongside traditional regenerative practices, Brazil has the
opportunity to become a global leader in climate-smart agriculture. These building systems are not only
productive but also equitable and resilient.

Brazil’s agricultural sector stands at a crossroads. For years, it has sown growth and dominance—but also
pollution and inequality. With the right tools, like the ANOMaLY system, and the right partnerships,
Brazil can chart a new path that blends innovation with tradition. Rural families, researchers, and
policymakers can all play a role in planting something better. Moreover, as the proverb reminds
us—"“quem planta, colhe.” If Brazil plants wisely now, it can reap a future of resilience, abundance, and
shared prosperity.
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