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The nexus approach helps in recognizing the link between water, energy, and food

production systems, emphasizing the need to manage them in a more integrated way.

The socio-ecosystem (SES) approach, however, goes beyond that, by incorporating

the regulation and supporting services in the management equation. Changes in

ecosystem integrity affect the delivery of ecosystem services to society, which affects

local people’s well-being, creating a feedback mechanism regarding management

strategies. The SES approach makes explicit the “human-bio-physical” nature of

our interaction with ecosystems, highlighting the need for a more integrated and

interconnected social-ecological research perspective. In addition, the SES approach

makes more explicit the multi-scale character of the ecological processes that structure

and maintain social-ecological systems. Water dynamics have an important role in

shaping ecosystem’s structure and functioning, as well as determining the systems

capacity for delivering provisioning services. The tropical dry-deciduous forest (TDF),

is particularly useful in studying water-food-energy trade-off interactions. Recently, a

category 5 hurricane landed in the study area (Mexico’s Pacific coast), triggering

various social and ecological problems. This event is challenging the current forest

management strategies in the region. The extreme hydrometeorological event created

an excellent opportunity to test and promote the SES approach for more integrated

food-water-energy research. By using the SES approach within our long-term socio-

ecological research project, it was easier to identify opportunities for tackling trade-offs

betweenmaintaining the transformation of the system and amore sustainable alternative:

promoting the maintenance of the ecosystem’s integrity and its capacity to deliver

provisioning and regulating services.

Keywords: nexus, social-ecological systems, transdisciplinary research, trade-offs, LTER, LTSER, Chamela

INTRODUCTION

An international group have been studying the ecosystem implication of biomass extraction for
charcoal production in tropical Africa and Latin America (Ghilardi et al., 2013; Mwampamba
et al., 2013; Santos et al., 2017). Their main concern is that this extended practice has been a
slow, but persistent, pressure on the forest biomass resources. The group has recently adopted the
“nexus approach” (sensu lato Hanlon et al., 2013), which seeks a stronger understanding of the
interdependencies among food, water, and energy production systems to secure a more sustainable
production process. By using simulationmodels, they have projected the demand for fuel-wood and
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charcoal for different socio-economic pathways, showing the
disproportionate biomass demands that in some regions will
require using a large fraction of forest (Santos et al., 2017).
By adopting a nexus approach, the group is facilitating
the understanding of the socio-economic and ecological
interactions of charcoal and agricultural production, especially
by highlighting two dimensions of the socio-ecological contexts:
charcoal value chains and tenure systems (Iiyama et al.,
2017). In addition, the interconnections between sustainable
charcoal production in Tanzania, ecosystem services, and
trade-offs in the allocation of land, labor, and net primary
production have been documented (Doggart and Meshack,
2017).

The aim of this perspective article is to discuss the
socio-ecosystem (SES) approach as a conceptual tool for
guiding integral food-water-energy research.With the experience
gained at the Chamela Mex-LTER Group, which belongs
to the International Long-Term Ecological Research (ILTER)
network, I will describe ecosystem’s water dynamics as an
entry point for showing the interconnected nature of the
ecological processes. I will then describe the possible effect of
management activities on these ecosystems’ water dynamics.
This analysis helps in recognizing trade-offs between obtaining
provisioning ecosystem services (e.g., water, crops, and charcoal)
and the conservation of the supporting and regulating ecosystem
services. This is also important since the maintenance of
an ecosystem’s integrity is required to sustain the delivery
of such products. Finally, I discuss how the effects an
extreme hydrometeorological events is inducing us to define
new research questions and hypotheses following a SES
approach.

THE SOCIO-ECOSYSTEM (SES)
APPROACH

System thinking has been essential for recognizing the existence
of biotic and abiotic components interacting and conforming
ecosystems at different and multiple hierarchical scales (systems
within systems; Figure 1). Ecosystem ecologists are also helping
in identifying the natural processes behind the delivery of
provisioning and regulating ecosystem services that sustain
human social-economic development. The millennium
ecosystem assessment (MA) was successful in documenting
the importance of these services and the urgency of conserving
and restoring the natural ecosystem behind them. This
international initiative (Millennium Ecosystem Assessment,
2005) not only documented the fragility of Earth’s life support
system, but also the severity of knowledge fragmentation
and the difficulties of the scientific system in conducting
interdisciplinary research (Norgaard, 2008). System thinking
has changed the way we appreciate and understand our world
(Ackoff, 1999; Capra and Luisi, 2014), now conceptualizing
it as social-ecological systems resulting from humans and
ecosystems interacting in time and space at different hierarchical
scales (Berkes and Folke, 1998). This SES view is also an
attempt to recognize our “human-bio-physical” nature in a

completely integrated and interconnected way (Figure 1A;
Maass, 2012).

Socio-ecosystem research requires a shift from viewing
humans as external drivers of natural systems to that of agents
acting within socio-ecological systems (Grimm et al., 2000;
Redman et al., 2004; Haberl et al., 2006). Dealing with SES
also requires new epistemic approaches, and the long-term,
site-based, bottom-up, and transdisciplinary approach has been
suggested as the key ingredient for conducting SES research for
sustainability (Carpenter et al., 2012; Fischer et al., 2015; Maass
and Equihua, 2015; Balvanera et al., 2017). On these grounds, an
“Integrative Science for Society and the Environment” research
initiative has been proposed to elevate LTER science to a
new level of integration, collaboration, and synthesis necessary
for addressing current and emerging environmental research
challenges (Collins et al., 2011). This approach has also been the
response of some of the ILTER network groups to deal with this
endeavor (Maass et al., 2016).

WATER AS AN INTEGRAL COMPONENT
OF ECOSYSTEM PROCESSES

Water participates in most energy fluxes and mass recycling
ecosystem’s processes (Baird and Wilby, 1999; Chaplin, 2001);
therefore, water dynamics have an important role in shaping the
ecosystem’s structure and functioning, as well as determining
the system’s capacity to deliver provisioning services, such as
drinking water, food crops, and fuel-wood biomass. Water
availability has been identified as one of the major limiting
factors for sustaining terrestrial ecosystem productivity (Chapin
et al., 2002). Therefore, maintaining natural water dynamics is
a key ecosystem management component and a requirement
for reaching sustainable productivity. With this in mind, I will
describe the role of water in many ecological processes as an
entry point to recognizing the trade-offs between obtaining
provisioning ecosystem services and the conservation of the
ecological processes that sustain the delivery of such products
(also conceived as supporting and regulating services).

Depending on its phase water’s presence in the ecosystem
highly affects the ecosystem’s albedo (the surface short-wave solar
reflectivity). For example, while liquid water has an albedo of
<20%, a cloud can reach albedos >90%. In addition, significant
albedo changes (>25%) can occur within hours when a light-
colored soil becomes darker after a rainfall. Albedo is a key
ecosystem process since it affects net solar radiation (Q∗) entering
the ecosystem. Between 80 and 85% of Q∗ is used either to
heat the air through sensible heating fluxes (Qh) or to evaporate
water through latent heating fluxes (Qe). The proportion of each
flux is known as Bowen’s ratio (Qh/Qe). Only a small fraction
of Q∗ (1–3%) is captured through photosynthesis, whereas
water evaporation and transpiration processes (Qe fluxes) usually
consume>50% of Q∗ in most forested ecosystems. Transpiration
acts as “transportation band,” moving dissolved nutrients in the
soil solution to the canopy through a continuous water column
flowing from the roots to the stems and branches (Chapin et al.,
2002). This high energy consumption process is driven by solar
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FIGURE 1 | (A) Nested and hierarchical character of socio-ecosystems (SES), with management that always requires a detailed analysis of (B) the factors “affecting”

and “being affected” by the supra- and sub-SES.

energy, heating the atmosphere, and maintaining the relative
humidity gradient (between the stomata and the air) required
to sustain transpiration. Water’s physical-chemical process (i.e.,
oxidation, dissolution, evaporation, freezing, etc.) are also the
main forces behind rock weathering and nutrient release to the
soil solution. Likewise, water moves large quantities of minerals
off the land through infiltration, leaching, and erosion. This
important “integration character” of water makes its dynamics a
key aspect determining ecosystem functioning, as well as a major
controlling factor determining ecosystem productivity, including
food and biomass production.

Human needs for energy, food, and water have promoted
ecosystems’ transformations. In fact, at least in tropical areas,
regionally distinct modes of agricultural expansion, wood
extraction, and infrastructure extension have been identified
as the prevailing proximate causes of deforestation (Geist and
Lambin, 2002). Deforestation entails nearly total destruction
of forest structure and composition, as well as disruption of
key ecosystem functions, including its water dynamics (Maass,
1995). Changes in forest cover induce a Bowen’s ratio increase
(through Qe reduction) and a change in the ecosystem energy
balance (through albedo modification). In fact, albedo and
Bowen’s ratio modification have been identified as a major
drivers of climate change, along with green-gas emissions which
are also promoted by land use change (Eltahir, 1998). Further
land degradation and water dynamic disruption occurs when
management practices, such as induced fire or tilling, expose bare
soil to direct impact of raindrops. Although small, raindrops are
strong enough to break soil clods into small particles that clog
soil pores, creating a surface crust which significantly reduces
soil infiltration. The soil crusting process has been identified as
a major cause of soil erosion, not only inducing land degradation

through fertility reduction, but also as the main source of water
pollution and siltation in river beds, lakes, and dams (Pimentel,
2006). Infiltration reduction also changes the main route water
takes to reach the valley bottomlands, promoting faster overland
runoff and floods, and reducing underground water recharge
and stream flow during the dry season (Bruijnzeel, 2004). All
these water-related trade-offs emerge when natural ecosystems
are transformed and should be at the core of any ecosystem
management discussion.

Charcoal is an important cooking energy source in rural
areas (Ghilardi et al., 2013; Iiyama et al., 2017). Its production
promotes forest degradation and, in the long run, can produce
a complete deforestation process (Santos et al., 2017) and
its consequences in terms of albedo changes, soil crusting,
water and wind erosion, floods and droughts. Even biodiversity
loss has been detected as a result of the selective harvest of
indigenous hardwood species (Naughton-Treves et al., 2007).
Charcoal, however, can be produced in more sustainable ways
by avoiding deforestation or a permanently degrading process, as
well as by protecting harvested areas from cultivation, intensive
grazing, and fire, thus enabling natural regeneration (Doggart
andMeshack, 2017). This has been the case inMozambique areas
where even under long-term charcoal production they continued
to provide ecosystem services (Woollen et al., 2016).

ECOSYSTEM SERVICES AND
ECOSYSTEM INTEGRITY

Ecosystem transformation to obtain water, energy, and food
production not only generates a trade-off between these
provisioning ecosystem services, but also with cultural, regulating
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and, most importantly, supporting services (the basic ecological
processes behind the maintenance of all services; Daily et al.,
1997). Dealing with these trade-offs, and with the delayed effects
of ecosystem manipulation, is a complicated task. One way to
do it is by recognizing that natural ecosystems are our best
reference of sustainability. Working with nature, understanding
and respecting the natural processes behind the ecosystem
services is becoming a better strategy than transforming nature at
will (Jordan, 1998). Through the maintenance of the “ecosystem
integrity,” we can reduce the possibility of unsuspected and
long-term effects. Therefore, it is important to link food-water-
energy provisioning services with the particular configurations of
supporting ecosystem processes that provide those services, using
natural ecosystems as sustainable references (Garcia-Alaniz et al.,
2017). Equihua et al. (2014) define ecosystem integrity as “the
condition where its structure and functions are not impaired and
auto-organization dynamics alone are driving the system” and can
be measured by how different an actual ecosystem is from some
original and desired condition. Changes in integrity take place
through ecosystem degradation, and one is the mathematical
complement of the other. Since the specific setting of abiotic
environment in a given area establishes the context for the
compositional, structural, and functional ecosystem attributes,
these settings can be measured to infer “ecosystem integrity”
status (Garcia-Alaniz et al., 2017). At ILTER, we suggest doing
this by using ecosystem integrity and human well-being as key
response variables in the analyses of how these variables change
under different ecosystem management regimes and in diverse
socio-ecological settings (Maass et al., 2016).

CLIMATE CHANGE, LTER, AND RESEARCH
OPPORTUNITIES

The study of SES responses to intense hydrometeorological
phenomena (e.g., drought, flood, frost, etc.) is becoming
extremely important under the current climate change scenarios,
which are forecasting an increase in their intensity (IPCC’s,
2014; Knutson et al., 2015). Extreme hydrometeorological events
generate complex management issues such as insect pests, plant
mortality, fuel load and fire increase, and CO2 emissions (Shaver
et al., 2000; Held and Soden, 2006; Álvarez-Yépiz and Martínez-
Yrízar, 2015). In turn, these problems also generate indirect
social-economic effects (e.g., tree mortality reduces wood supply)
(Walker et al., 1999). Species of TDF have evolved under
these highly variable conditions and are adapted to extreme
droughts (Holbrook et al., 1995). Land use change, however,
increases SES vulnerability and lowers the resilience capacity to
these extreme hydrometeorological events (Gavito et al., 2014).
Under perturbed conditions, exotic, and invader species resistant
to drought and fire (like buffelgrass) also increase (Búrquez-
Montijo et al., 2002).

LTER is helping to evaluate the effect of hydrometeorological
events by analyzing the risk with more precision (Gavito
et al., 2014). LTER also brings information useful to better
designing management policies under climate change scenarios.
As Collins et al. (2011) have pointed out, pulses and pressures

(natural and human-induced) drive ecosystem dynamics, which
affects the structure and functioning of natural ecosystems. In
turn, the delivery of ecosystem services decreases depending
on how much ecosystem integrity has changed. Variation in
ecosystem service delivery has an impact on local peoples’
well-being, creating a feedback mechanism on management
strategies, resulting into pulses or pressure on the ecosystem.
In other words, to properly manage this adaptive management
cycle, identifying, and understand trade-off among different
management alternatives is crucial. Those alternatives that better
maintain an ecosystem’s integrity will produce higher ecosystem
services.

THE CHAMELA MEX-LTER RESEARCH
SITE

At Chamela’s Mex-LTER site, in the Mexican Pacific Coast
(105◦W, 20◦N), we have been studying the structure and
functioning of the tropical dry-deciduous forest (TDF) within the
Chamela-Cuixmala Biosphere Reserve (Maass et al., 2002). The
ecosystem’s water dynamics, energy fluxes and nutrient cycling
have been studied for decades (>35 years). TDF has a strong
seasonal character in which 65% of the yearly rain falls in 3
months, creating a strong dry-wet ecosystem dynamic. Inter-
annual rainfall is also highly variable in the study region (from
340 to 1,329mmyear−1). Extended droughts alternate with heavy
rainstorms creating highly unpredictable climate conditions.
Dry periods of 8 consecutive months without any rain are
common in the area. Native species are adapted to these extreme
conditions. Introduced species under a highly transformed
ecosystem, however, become highly vulnerable to these extreme
hydrometeorological events. Subsistence agriculture and cattle
ranching are the main productive activities in the area. Most
stakeholders are not native farmers; they recently colonized
the region (in 1960s), arriving from areas other than TDF
(Castillo et al., 2005). “Traditional” land management consists
of clear-cutting the forest, growing corn for 1–2 years and
then converting the agricultural land into induced pasture
fields (De Ita, 1983). Soil erosion, compaction, and infiltration
reduction are the result of poor management practices, creating
a vulnerable environment for the local settlers who suffer
from recurrent crop failures because of the lack of sufficient
rain during critical moments in the production cycle (Maass,
1995).

In addition, excess rainfall for short periods creates occasional
floods with harmful consequences for the settlers at the lower
section of the basin. During the last 15 years, a more socio-
ecological approach has been conducted (Castillo et al., 2005,
2007; Maass et al., 2005), and currently, a transdisciplinary
approach (Spangenberg, 2011) is in the process of being
established, promoting appropriate conditions for different
stakeholders’ participation, not only in our research activities but,
most importantly, in the definition of our research program.

In October 2011, Hurricane Jova hit the region and, recently
(October 2015), Hurricane Patricia (category 4–5) crossed
the Chamela-Cuixmala Reserve, seriously disrupting its forest
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TABLE 1 | Processes, impacts, and management opportunities as a result of Hurricane Patricia affecting the tropical dry-deciduous forest at the Chamela-Cuixmala

Biosphere Reserve.

Process (to study & monitor) Impact (to prevent, mitigate) Opportunity (of management)

Increase in fuel load (dead trees and branches) Fire risk increase Harvest wood for multiple use, including charcoal

production

Fence destruction Tree cutting to repair fences Identify better tree species to use as “living fences”

Reduction in Evapotranspiration (Et) and Runoff (Q)

increase

Soil erosion and floods Increase water availability and ground water recharge

Increase of organic matter inputs to the soil (leaf litter and

branch decomposition)

Nitrification and N leaching promoting nitrate

inputs to ground water system

Develop a “participatory monitoring system” for water

quality of local sources

Orchard tree mortality Market losses and interest reduction in

orchard industry

Promote management practices for “resistant trees”

(mango and tamarind) and “resilience trees” (papaya and

banana)

Increase in new tissue (sprouts and bud growth) Pest increase in management systems Identify species interactions to develop “biological control”

Reduction in native bird population Increase in insect pests Recognize and promote “ecosystem services” from local

fauna

Reduction of large carnivores (puma and jaguar) crossing

the lowlands

Increase of small fauna and zoonosis sprouts

in the region

Recognize and promote “ecosystem services” from local

fauna

Increased exposure to vectors diseases (insects) as a

result of roof and window destruction

Increase in dengue and chikungunya cases Request higher responses from local and state health

authorities in the area

Problems in accessing woodlands and cost increase of

extracting forest products

New access using bulldozers Review and develop better “access and extraction” of

forest products

Spatial damage heterogeneity Social imbalance Review “land planning” and promote “sense of of

community”

Lack of coordination between local, regional, and federal

governments

Inefficient process, injustice, impunity, and

corruption

Promote local and “polycentric governance”

Official recognition of the disaster Abuse of help permits and concessions Promote monitoring policies (creation of a “citizen

observatory”)

Efficiency of governmental response Apathy and reduction of the alert response

from local settlers

Promote “adaptive management”

Local news covered on mass media Interest reduction in visiting the area (by

tourists) and revenue reduction

Use media attention to talk about the area (beyond the

disaster) and stimulate investment to help local economy.

Destruction of tourism infrastructure Lost interest from foreign invertors Promote the establishment of “risk prevention” and

“mitigation policies” with local business

Roof blown off by the wind in most houses Roof restoration with asbestos sheets Promote the concept of “sustainable building” in the

region

Deterioration of reserve’s “core land” Reduction in ecosystem services requiring

large preserved areas (e.g., regulating

services)

Promote “restoration ecology research” within the

biosphere reserve and trigger restoration efforts outside

the reserve’s core areas

structure and functioning. This has created an opportunity for
triggering a transdisciplinary research under the SES approach.
Workshops with local stakeholders allowed us to identify their
major concerns after the hurricane landfall in their village and
croplands. By consulting with local settlers’ views, concerns
and interests, our research agenda deviated from the traditional
approach, in which the scientific hypotheses are defined strictly
on either ecological or social aspects as a separate issue. The
exercise helped us link social-ecological process with two possible
response scenarios: the “business as usual” response and the
“conservation” alternative. The latter pushes forward a more
sustainable SES approach. Inspired by the stakeholders input,
I identified those social-ecological processes we must evaluate
and monitored them after the disturbance (see column one
in Table 1). In addition, I identified the most likely response
of local settlers to hurricane effects (column two in the same
table). Finally, an effort was undertaken to define the type of

actions we may need to implement for preventing or mitigating
those problematic and likely responses, as a way toward
finding of a more hypothetical socio-ecological alternative (last
column).

By using this SES approach, it was easier to identify
opportunities for tackling trade-offs between continuing to
transform the system and a more preserving alternative, which
imply the protection of the ecosystem’s integrity. For example,
it has been suggested the identification of resilient native species
to be used as living fences (instead of the traditional use of dead
trunks or artificial poles). Likewise, there is a proposal to grant
authorization of the removal of dead boles to produce charcoal
(traditionally forbidden in the protected areas) as a management
strategy to reduce the fire risk that resulted from the the increase
of fuel load after the hurricane. In addition, we identify an
opportunity for launching a community-based water monitoring
system, to promote a better understanding by local people about
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the importance of conserving their forest land to maintain
a good quality of their water sources. See more examples in
Table 1.

FINAL THOUGHTS

The SES approach not only aids in linking energy, nutrient,
and water processes in a natural ecosystem, but it also connects
these supporting services with provisioning services, such as
food, charcoal, and clean water. The SES approach also helps
to recognize the importance of preserving ecosystem integrity
and its link with local people’s well-being. With this connection
in mind, it is easier to identify and deal with the trade-
offs between preserving and transforming natural ecosystems.
Furthermore, the SES approach highlights themulti-scale (nested
and hierarchical) character of the social-ecological processes
that structure and maintain SES (Figure 1A), which permits
recognizing the high uncertainty that large-scale processes
generate in the management practice. To deal with such multi-
scale complexity, the manager should focus on one particular
scale and analyze its link with the immediate upper (supra
system) and lower (sub system) scales; see Figure 1B. This multi-
scale character of SES also shows the importance of focusing
on local processes as a strategy for facilitating the adaptive
management cycle. Finally, the need for promoting long-term
and site-based research (i.e., academic groups anchoring their
research on specific sites for many years) has become evident
for developing not only a better understanding of the local
ecosystem, but also the necessary trust between researchers and
the local community for efficient transdisciplinary research.
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