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ABSTRACT

In a case review of climate-smart agriculture practices in Mayan
milpa farming communities in Belize (Central America), this pa-
per reframes how small-scale agriculture practices can influence
larger Earth systems sustainability. In what has been a sustainable
form of farming for hundreds of years, the milpa has become less
sustainable due to global climate change, forest loss, soil degrada-
tion, population growth, and other factors. This article reviews the
findings of a 2020 study of positive socio-ecological systems (SES)
influences—environmental, economic, socio-cultural, and techno-
logical —from climate-smart practices on local resource sustain-
ability. SES considers several multidisciplinary linkages of human
and ecological factors in the agroecological system. SES considers
several multidisciplinary linkages of human and ecological factors
in the agroecological system. SES influences from small-scale cli-
mate-smart agriculture (CSA) practices can have both micro-scale
impacts as well as macro-scale implications for SES sustainability
and food security. Understanding the implications of small-scale
farming on larger Earth systems can inform global climate change
mitigations and government policy and action needed to promote
CSA practices. This is important for the resilience of vulnerable
populations such as Belizean milpa farming communities and oth-
ers who rely directly on resource sustainability for their food and
livelihood security.

Keywords: Climate-smart agriculture, socio-ecological systems,
planetary, milpa, sustainability
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Una perspectiva planetaria de la sostenibilidad de los
sistemas terrestres: replanteamiento de las implicaciones
del cambio climatico a partir de adaptaciones agricolas en
comunidades agricolas mayas milpa en Belice

RESUMEN

En una revisién de caso de las practicas agricolas climaticamente
inteligentes en las comunidades agricolas de milpas mayas en Beli-
ce (América Central), este documento replantea como las practicas
agricolas a pequefia escala pueden influir en la sostenibilidad de
los sistemas terrestres mas grandes. En lo que ha sido una forma de
agricultura sostenible durante cientos de afios, la milpa se ha vuelto
menos sostenible debido al cambio climatico global, la pérdida de
bosques, la degradacion del suelo, el crecimiento de la poblacién
y otros factores. Este articulo revisa los hallazgos de un estudio de
2020 sobre las influencias positivas de los sistemas socioecoldgicos
(SES) —ambientales, econdémicos, socioculturales y tecnoldgicos—
de las practicas climaticamente inteligentes sobre la sostenibilidad
de los recursos locales. SES considera varios vinculos multidiscipli-
narios de factores humanos y ecolégicos en el sistema agroecold-
gico. SES considera varios vinculos multidisciplinarios de factores
humanos y ecolégicos en el sistema agroecoldgico. Las influencias
del SES de las practicas de agricultura climaticamente inteligente
(CSA) a pequena escala pueden tener impactos tanto a microes-
cala como implicaciones a macroescala para la sostenibilidad del
SES y la seguridad alimentaria. Comprender las implicaciones de
la agricultura a pequeia escala en los sistemas terrestres mas gran-
des puede informar las mitigaciones del cambio climatico global y
las politicas y acciones gubernamentales necesarias para promover
las practicas de CSA. Esto es importante para la resiliencia de las
poblaciones vulnerables, como las comunidades de agricultores de
milpas de Belice y otras que dependen directamente de la soste-
nibilidad de los recursos para su seguridad alimentaria y de sus
medios de vida.

Palabras clave: Agricultura climaticamente inteligente, sistemas
socioecolégicos, planetario, milpa, sostenibilidad
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A Planetary Perspective of Earth Systems Sustainability
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Introduction

This paper reviews the Drexler
(2020) findings of positive so-
cio-ecological system impacts
from climate-smart agriculture prac-
tices in Mayan milpa farming commu-
nities in Belize, Central America and
reframes it to a planetary perspective
of how these adaptations can influence
larger Earth systems sustainability as a
space environment. Earth systems in-
tegrate biophysical cycles and human
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(e.g., socioeconomic) interactions in the
atmosphere, hydrosphere, cryosphere,
biosphere, geosphere, and anthropo-
sphere “in both spatial—from local to
global—and temporal scales, which
determine the environmental state of
the planet within its current position in
the universe” (Rockstrom, et. al., 2009).
Thus, human communities are a part of,
and not apart from, the Earth system;
humans experience impacts from cli-
mate change and can be more vulner-
able to associated increases in resource
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loss and degradation (Drexler, 2020;
Flint, 2015; Oremo, 2013; Young, 2008).

Planetary-level impacts from cli-
mate change have been observed from
space for more than 40 years; these ob-
servations are central to monitoring and
understanding how the dynamics of the
Earth systems work (Durrieu & Nelson,
2013; Johannessen, 2009). Small-scale
agriculture can also have planetary
implications on Earth systems sustain-
ability (Altieri, 2008). This paper will
examine socio-ecological systems (SES)
impacts of climate-smart agriculture
(CSA) adaptations of milpa farming to
reframe the issue to a planetary context.

SES considers multiple integrat-
ed human and ecological factors and
linkages in the agroecological system.
For example, adopting CSA practices
in small-scale milpa agriculture has en-
vironmental, economic, socio-cultural,
adaptive technology, and governance
influences on local resource sustainabil-
ity (Drexler, 2020; ERSI, 2008; Mazum-
dar, 2008). The nature of SES, especially
from a planetary perspective, is inher-
ently holistic and involves multi-dis-
ciplinary factors (Méndez, Bacon, &
Cohen, 2013). Applying SES principles
from one small region to the larger SES
can and inform reasonably foresee-
able climate change impacts (on both
micro and macro levels) and promote
mitigation policies in other regions of
the globe (Uusitalo, et. al., 2019), with
implications on resilience and food and
livelihood security in more vulnerable
and marginalized communities (Drex-
ler, 2020; Tandon, 2014).
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Planetary Sustainability

s defined by the National Aero-
Anautics and Space Administra-

tion (NASA) the term “plane-
tary sustainability” includes multi-per-
spectival factors (ecological, economic,
social) includes three global visions
(NASA, 2014); this paper will exam-
ine the first two as they directly relate
to climate change impacts on planetary
sustainability: 1. All people have access
to abundant water, food and energy, as
well as protection from severe storms
and climate change impacts; and 2. All
people have healthy and sustainable
worldwide economic growth from re-
newable products and resources. Plan-
etary sustainability also recognizes two
sustainability conditions to determine
safe operating space for human surviv-
al on Earth: 1. Respecting Earth sys-
tem boundaries, such as biodiversity,
atmospheric composition, freshwater
resources, and other planetary bound-
aries (Galli & Losch, 2019; Rockstrom,
et. al., 2009) and 2. Expanding our in-
struments and people into space (Galli
& Losch, 2019; Pass, et. al., 2006).

Directly related to global policy
toward planetary sustainability, there
are 17 United National Sustainable De-
velopment Goals (SDGs), with an 18"
potential goal (Figure 1) called “Space
Environment” (Galli & Losch, 2019).
The SDGs demonstrate multi-per-
spectival and socio-ecological system
symbiosis, applicable to both local and
planetary levels.
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Figure 1. The UN SDGs with a potential 18th goal added (Galli & Losch, 2019).

Most SDGs are directly linked
with global food systems and food se-
curity. Transformative policy and ac-
tion to include the SDGs in examining
non-food (i.e., alternatives to fossil fu-
els) and food-related strategies (less
meat consumption, promoting gov-
ernment Extension services) are need-
ed to facilitate climate-smart agricul-
ture practices, resource sustainability,
and food security for a growing global
population (Campbell, Hansen, Rioux,
Stirling, & Twomlow, 2018; Chaudhary,
Gustafson, & Mathys, 2018; Pérez-Es-
camilla, 2017).

Climate Change, Food
Insecurity, and Climate Justice
( :limate change is one of the great-
est threats to the people and
economies of Earth (Marino, et.
al., 2016; Vermeulen, Campbell, & In-
gram, 2012). Agriculture is a key driver
contributing to climate change (Camp-
bell, et. al., 2017; FAO, 2013; Uusitalo, et.

al., 2019). Climate change adversely and
disproportionately impacts the rural

83

poor who depend directly on natural re-
sources for their food and livelihood se-
curity; these impacts exacerbate existing
socio-economic (socio) and biophysical
(ecological) conditions (Adger, 2003;
Aminzadeh, 2006; John & Firth, 2005;
Morton, 2007; Oremo, 2013; Schmidhu-
ber & Tubiello, 2007; Vermeulen, Camp-
bell, & Ingram, 2012). Climate change
is not just an environmental issue, but
increasingly an economic, socio-cul-
tural, and justice issue, with implica-
tions on community resilience, food
security, health, and livelihood security
(Aminzadeh, 2006; Vermeulen, Camp-
bell, & Ingram, 2012). Improvements in
agriculture and the overall food system
can be significant step toward planetary
sustainability, food security, and climate
justice (Campbell, et. al., 2017; Wezel,
et. al., 2009).

Socio-Ecological Systems
(SES) Framework

ocio-ecological systems (SES) is a
theoretical framework which can
examine multi-disciplinary and
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complex issues such as climate change
impacts on agricultural landscapes
and human communities (Drexler,
2020; Oremo, 2013). Climate change
and food security studies are complex,
systemic, cumulative, and intertwined
with human systems (Molnar & Mol-
nar, 2000). SES is a flexible framework
which considers the interrelationships,
linkages, and synergies between mul-
tiple trans-disciplinary factors (i.e.,
social, economic, environmental, cul-
tural, governance, health, justice) and
community-based partnerships and
adaptive management (Olsson, Folke,
& Berkes, 2004; Ostrom, 2009; Parrott,
Chion, Gonzalés, & Latombe, 2012). A
socio-ecological system is a linked net-
work where an impact on one part of
the system—climate change impacts
from storm erosion, for example—can
affect the larger system, such as food
security and farmer livelihoods (Lal,
2008; Levasseur & Olivier, 2000; Mol-
nar & Molnar, 2000; Selomane, Reyers,
Biggs, & Hamann, 2019). Understand-
ing these system relationships—and
how each factor functions in the com-
plex whole of the SES—is important as
each decision a farmer makes to adopt
CSA practices can advance the entire
milpa agriculture system further (Kout-
souris, 2008; UC Davis, n.d.).

A paradigm shift toward SES
systems-thinking, described by Rati-
ma, Martin, Castleden, and Delorm-
ier (2019) as a more “Indigenous way
of thinking about the interconnected
and interdependent web of the natu-
ral world” is needed to examine and
understand complex SES linkages and
dynamics, to manage resources and sys-
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tem vulnerabilities, and to facilitate pol-
icy changes on sustainability (Drexler,
2020; Sikula, Mancillas, Linkov, & Mc-
Donagh, 2015). A systems perspective is
important in making climate mitigation
and adaptation policies which contrib-
ute to positive outcomes of sustainable
food systems; considerations should
include equity, resilience, renewability,
responsiveness, transparency, scale, and
evaluation as well as SES indicators such
as food security, health, environmental
integrity, equity, and profitability (Niles,
Ahuja, Esquivel, Mango, Duncan, Hell-
er, & Tirado, 2017).

Climate Change

Vulnerability in Belize
ocusing on Belize, there is evi-
dence of climate change includ-

F ing a lack of rain, increased heat

and sun exposure, offset rainy seasons,
increased storm intensity, and an in-
crease in pests and crop diseases; these
changes were perceived to have direct
and indirect impacts to resident health,
livelihoods, resource security, cultur-
al traditions, and compounding en-
vironmental impacts (Drexler, 2019).
Communities in Belize are vulnerable
to these direct impacts, which are com-
pounded by factors such as deforesta-
tion, agriculture activity (i.e., the use
of chemical inputs of pesticides and
fertilizers), biodiversity loss, poverty,
population growth, land degradation,
and farming on degraded soils (Drexler,
2020; Flint, 2015; Oremo, 2013; Young,
2008; Meerman & Cherrington, 2005 as
cited in Chicas, Omine, & Ford, 2016;
Young, 2008).
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Because milpa farmers depend
upon the ecosystem for their basic
needs, whole communities are impact-
ed from system change; thus, there
are implications for community food
and livelihood insecurity from climate
change impacts (Lozada, 2014). “The
impacts of climate change are expected
to threaten the sustainability of social,
economic, and ecological systems” in
Belize (Richardson, 2009, p. 8). Large-
scale climate and ecosystem changes in
southern Belize have distinct impacts
on the environment, economy, food se-
curity, public health, culture, and other
factors in Belizean milpa communities
(Chicas, Omine, & Ford, 2016; Drexler,
2020); these impacts perpetuate a cycle
of environmental degradation, poverty,
and vulnerability to climate and ecosys-
tem changes (Wildcat, 2013).

The Milpa Farming System
milpa is a small-scale shifting
cultivation system of subsis-

Atence farming (Downey, 2009;

Nigh & Diemont, 2013) traditionally
involving slash-and-burn and/or slash-
and-mulch practices (Johnston, 2003;
Thurston 1997). The milpa is a signifi-
cant aspect of Maya culture and tradi-
tion as Maya identity, ceremony, com-
munity, and livelihood are all rooted
in the milpa (De Frece & Poole, 2008;
Falkowski, Chankin, Diemont, & Pe-
dian, 2019). Milpa crop production is
used for subsistence and selling at local
markets (Downey, 2009; Emch, 2003;
Levasseur & Olivier, 2000; Nigh & Di-
emont, 2013). Milpa practices include
clearing small areas of forest to plant
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a diversity of crops—primarily corn,
beans, and squash—on nutrient-rich
soil (Emch, 2003; Mt. Pleasant, 2016).

For centuries, the traditional
practice of milpa farming has been sus-
tainable and reliable as the major food
and livelihood source for Maya milpa
communities in southern Belize (Alt-
ieri & Toledo, 2011; Benitez, Fornoni,
Garcia-Barrios, & Lépez, 2014; Ford
& Nigh, 2016; Nigh & Diemont, 2013)
as farmers allow areas to regenerate
to a mosaic of forest succession stages
and crop diversity (Daniels, Painter, &
Southworth, 2008; Isakson, 2007; Mt.
Pleasant, 2016; Shal, 2002). In the last
50 years, however, the slash-and-burn
aspect of milpa farming has become
less reliable and less sustainable due to
hydroclimatic changes (i.e., droughts,
flooding, hurricanes), forest loss, pests
and crop disease, soil degradation, and
social factors such as poverty, popu-
lation growth, land tenure, marginal-
ization, and other factors (De Frece &
Poole, 2008; Downey, 2009; Drexler,
2020; Levasseur & Olivier, 2000; Loza-
da, 2014; New Agriculturist, 2005; Shal,
2002; Steinberg, 1998).

Planetary Benefits of
Climate-smart Practices on

Milpa Farms in Belize
mall-scale farms practicing cli-
mate-smart agriculture can have

Sa planetary-scale system benefit,

including to global climate change and
related impacts (Altieri, 2008). Cli-
mate-smart agriculture (CSA) practices
aim to “increase productivity in an en-
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vironmentally and socially sustainable
way, to strengthen farmers’ resilience to
climate change, and to reduce agricul-
ture’s contribution to climate change”
(Oremo, 2013, p. 14). Examples of CSA
practices already proposed or being
practiced on a small-scale in southern
Belize include mulching and soil nutri-
ent enrichment. Adopting CSA in Be-
lize practices can enhance small farm-
ers adaptation to climate change and
sustainably mitigate climate change
impacts and support food security
under a changing climate (FAO, 2013;
Hellin & Fisher, 2019; Kongsager, 2017;
Mugambiwa & Tirivangasi, 2017).

By examining climate-smart
adaptive practices of Belize milpa
farmers, one can see system influenc-
es of the small-scale practices with
both micro-scale impacts (i.e., less site
erosion, lower input costs) and mac-
ro-scale implications on Earth systems
sustainability. Promoting the increase
of CSA practices on traditional milpa
practices such as mulching and soil
nutrient enrichment can have overall
positive environmental, economic, and
socio-cultural influences and adaptive
technology potential on milpa sustain-
ability and resilience, as perceived by
milpa farmers and Extension officers
(Drexler, 2020; Ong & Kho, 2015).

Conclusion

t is critical for governments to im-
plement planetary sustainability
measures, taking into account the
SDGs and socio-ecological systems
framework, to mitigate future climate
change impacts on both micro- and
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macro-levels. The socio-ecological sys-
tem impacts of climate-smart agricul-
ture adaptions to small-scale milpa ag-
riculture in Belize has implications for
sustainability on an Earth system level.
Although milpa farming has been sus-
tainable for centuries, global climate
change and other factors such as pov-
erty, population growth, and forest loss
have made the practice less so over the
last 50 years. Promoting the increase of
CSA practices such as mulching and
soil nutrient enrichment has overall
positive environmental, economic, and
socio-cultural influences and adaptive
technology potential on milpa sustain-
ability and resilience, as perceived by
milpa farmers and Extension officers
(Drexler, 2020).

With the ability of space-based
observation to predict climate change
impacts and mitigation, the technology
potential of space-based observations
will be critical for food and livelihood
security of not just Belize milpa farmers
as found in this case, but other global
farmers as well. Since farmers rely di-
rectly on SES systems (water, climate,
soil nutrients, markets, governance and
policies), they are invested stakeholders
and should partners in solution-finding
processes. CSA adaptive practices at the
milpa farming community-level have
positive SES indications that can be ap-
plied at the planetary systems level with
wider implications for more sustainable
global farming systems, food and liveli-
hood security, and resiliency to climate
change impacts.
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