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A Novel Transdisciplinary Methodology
and Experience to Guide Climate Change
Health Adaptation Plans and Measures

Marilyn Aparicio-Effen, James Aparicio, Cinthya Ramallo,
Mauricio Ocampo and Gustavo J. Nagy

Abstract Climate change and socio-economic and environmental determinants of
health (SDH) are the first acknowledged root-causes of infectious diseases. Control-
ling for SDH would reduce disease burden and promote adaptation. How can we
determine which non-health sectors contribute the most and how to health vulnera-
bility? No interdisciplinary and participative methodologies have yet been devised
to address, from a complex systems perspective, the degree of responsibility non-
health sectors and climate change have in disease occurrence, as a basis for adap-
tation. This study aims to identify climate change adaptation options for Dengue
fever based on Eco-health and watershed approaches to influence public policies
in the Bolivian Chaco Ecosystem. We carried out a transdisciplinary “Methodol-
ogy for climate change Health Vulnerability Assessment considering Eco-health
and Watershed Approaches” (MHVA), in selected areas of Pilcomayo watershed.
Results established the level and type of current and future Dengue vulnerability,
and the degree of responsibility of health and non-health sectors. Then, adaptation
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options were participatory prioritised, designing a Climate Change Health Strategic
Adaptation Plan, which implementation has already begun. The use of MHVA and
current adaptation experiencewould help in identifying themost vulnerable locations
and target adaptation actions.

Introduction

Climate change influences the environmental, economic and social determinants
of health such as air quality, access to safe water, food availability, family income,
education, housing, and essential services. Social determinants of health (SDH) refer
to the conditions in which people are born, live and work (Irwin and Scali 2010).
Climate change affects health in three ways (IPCC 2012, 2014):

1. Directly, such as the mortality and morbidity due to extreme weather events in
which climate change may play a role.

2. Indirect impacts from environmental and ecosystem changes, such as shifts in
patterns of disease-carrying mosquitoes and ticks, or increases in waterborne
diseases due to warmer conditions and increased precipitation and runoff.

3. Indirect impacts mediated through societal systems (e.g. undernutrition from
altered agricultural production, stress caused by population displacement, or
other environmental stressors, and damage to health care systems by extreme
weather events).

Diseases have a multifactorial origin, considering the many determinants that
influence them to which has been added climate change and variability, and extreme
events. Thus, “Climatic factors, coupled withmultiple human, biological and ecolog-
ical determinants, influence the emergence and re-emergence of infectious diseases
such as arbovirosis, malaria, leishmaniasis, Chagas disease” (Amarakoon et al.
2008). With the global expansion of vectors that are able to transmit Dengue, Zika,
and Chikungunya virus (Kraemer et al. 2015), neglected tropical diseases that are
associated with climate dynamics reiterate the need for intensified political attention
and global health action (Watts et al. 2017), particularly in Latin America (Leal Filho
et al. 2018).

Operationally, themanagement of health determinants is a responsibility of health
sector as well as of other sectors, for example an optimal quality and availability of
water will favour or avoid, the occurrence of cases of diarrhoeas, or the number of
hours of water supply contributes to occurrence or not, of cases of dengue fever.
Such conditions exist outside the domain where the health sector has direct influence
since in most countries water management agencies are not part of health sector. So
the policies, strategies, and performance of other sectors will have visible results on
occurrence of different diseases and health outcomes.
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As far as the stakeholders are concerned, there are some requirements which
also need to be met, if their vulnerability is to be reduced, such as to foster more
awareness on the means via which vector-borne diseases are transmitted, which may
substantiate and add a greater degree of reliability to prevention efforts (Leal Filho
et al. 2018).

However, no interdisciplinary and participatory methodologies have yet been
devised to address, from a complex systems perspective, the degree of responsibility
non-health sectors, and climate change and variability have in disease occurrence,
as a basis for adaptation. The project “Climate Change, vulnerability and health-
Colombia and Bolivia”, funded by IDRC, carried out a transdisciplinary vulnerabil-
ity assessment “Methodology for climate change Health Vulnerability Assessment
considering Eco-health and Watershed Approaches” (MHVA) (Aparicio-Effen et al.
2016a), aimed at developing adaptation decisions, to reduce the deleterious impacts
of climate change on health, which include vulnerability dimensions, climate and
non-climate factors.We appliedMHVA to assessing the climate vulnerability related
toDengue fever inBolivian Pilcomayowatershed.After that, adaptation optionswere
participatory prioritised, designing a Climate Change Health Strategic Adaptation
Plan, which implementation has already begun.

The overall goal of this project research is: To identify climate change adaptation
options for Dengue fever from Eco-health and integrated watershed approaches to
influence public policies and reduce vulnerability to Dengue and associated diseases
like the Chikungunya and Zika in Bolivian Chaco Ecosystem.

To achieve the goal as mentioned above we have worked with (i) decision-makers
at the local, regional and national level; (ii) the health networks of project area;
(iii) urban planners of the municipal governments and (iv) representatives of social
movements and ethnicities (e.g. indigenous groups and urban, peri-urban and rural
populations), of the Pilcomayo basin. We focused on strengthening climate adapta-
tion capacities, which included the evaluation of the current and future vulnerability
initially, the rise of adaptation options and their implementation.

The use of MHVA and current adaptation experience would help in identifying
the most vulnerable locations and target adaptation actions.

Conceptual and Methodological Framework About Health
Vulnerability Assessment

Methodology

The methodology followed in this project to assess climate-related health vulnera-
bility to Dengue (VCCD) considered Watersheed approach (IWRM) and Ecosystem
approach to health (Eco-health) (Charron 2012). Eco-health is an emerging field of
transdisciplinary research that brings together public health, environmental health
people, veterinarians, ecologists, social scientists, policy makers, local authorities
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and experts from other fields and community members to explore how ecosystem
changes can have adverse impacts on human health and implement practical solu-
tions to address these health challenges (Hung and Tran 2016). Six principles of
this approach include transdisciplinarity, participation, gender, and social equity,
system-thinking, sustainability and research-to-action (Charron 2012). Eco-health
research integrates different disciplines and world-views to tackle difficult health
issues (Waage et al. 2010).

The IntegratedWaterResourcesManagement (IWRM) (Rahaman andVaris 2005)
of river basins is a systematic process for the sustainable development, allocation,
and monitoring of water resources used in the context of socio-economic and envi-
ronmental objectives. When several agencies share responsibilities for drinking, irri-
gation, and environmental water, the lack of cross-sectoral linkages leads to unco-
ordinated water resource development and management, resulting in conflict, waste
and unsustainable systems.

Climate vulnerability is “a condition of a natural or human system with a propen-
sity to be adversely affected by vulnerability factors such as exposure, the nature, and
magnitude of the change in weather patterns, sensitivity, and adaptability” (IPCC
2007). It should also be considered that all dimensions of human activity: physical,
socio-economic and environmental act together (inter and transdisciplinary) to build
vulnerability, serving as a basis to study the direct and indirect effects of climate on
specific diseases (e.g. VCCC for Chagas (Nagy et al. 2017).

We followed the “Methodology for climate change Health Vulnerability Assess-
ment (MHVA) considering Eco-health and IWRM Approaches” to address, from a
complex systems perspective, the degree of health and non-health sectors responsi-
bilities and climate change effects on disease occurrence, as a basis for adaptation
options (Aparicio-Effen et al. 2016a).

Vulnerability Factors

The adaptive capacity of health sector depends on vulnerability factors and dimen-
sions, the types of human and socio-economic development, social organisation, and
relationship with access, coverage to health services and social participation of com-
munity. The adaptive capacity of health sector and other health-related sectors is a
fundamental part of the vulnerability. The climate vulnerability (VCC) includes the
following factors (IPCC 2007; Aparicio-Effen et al. 2016a):

VCC = f
(
Exp,CMC, Sens, CR− Adap

)

where

Exp: Exposition, variation to which a system is exposed
Sen: The sensitivity
CMC: The character, magnitude, and rapidity of change in weather patterns
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C_(R-Adap): The ability to respond and or adapt.

(a) Exposure: The exposure is determined by geographical location of an area of
analysis, the physiographic and climatic characteristics, which can determine
the condition of fragility or sensitivity that determines the greater or lesser
impact of climate change.

(b) Sensitivity: characteristic of system that is being evaluated, which can be altered
positively or negatively (resilient or fragile). The epidemiological and environ-
mental dimensions are sensitive to climate variability, gradual global climate
change, and changes in land use.

(c) Nature and magnitude of change: Changes generated in climate behaviour, due
to natural variability, or anthropogenic climate change, which affects or alters
the condition of the system under study. Climate Change Vulnerability (VCC) is
Character andMagnitude of change=Differences (�) between current climate
and historical climate and future climate and current climate = CMC: f (�1)
(Nagy et al. 2017).

where: �1: ((current climate (CA) − Historical Climate (CH))
CMC: f − � 2
� 2: ((future climate (CF) − Current Climate (CA))
Future climate scenarios (Aparicio-Effen et al. 2016a; Nagy et al. 2016)

CMC represents the influence of climate in series that are available in the refer-
ence area which includes the thermal amplitude between the minimum and maxi-
mum average temperatures recorded and the precipitation patterns. These values are
associated with altitude ranges in which people live and influence both temperature
and precipitation. Thus the climatic index is obtained (IC) being its expression the
following equation:

ICi = IPP (Tmax− Tmin)/�h

where:

ICi: Climate Index
IPP: Precipitation index that is the ratio between the observed precipitation during
the studied period and the average precipitation over the analysed periods.
Tmax: Maximum average temperature of the studied period.
Tmin: Minimum average temperature of the studied period.
�h: Temperature variation range due to the change in altitude determined by Ti: ith
(observation of the average temperature), Hi: (ith observation of the altitude where
the temperature wasmeasured) andN (Number of observations of the ten years series
of observation).

The valuation of the index mentioned above applies to each of the diseases to
be analysed (e.g. Chagas, Dengue, Zika) and allows us to read how the climatic
conditions are modified according to the precipitation rate and the average thermal
amplitude.
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Vulnerability Dimensions

The representation of vulnerability factors and interdisciplinary dimensions of the
MHVA is shown in Fig. 1.

The vulnerability corresponds to a historical and temporal context, so the evalu-
ation of climate system should be done considering baseline, the current and future
climate, and spatial area of analysis (river basin, location, altitude, and topography)
where evaluated human system is located (Aparicio-Effen et al. 2016a).

The IWRM approach seeks to balance the use of natural resources with its con-
servation, taking into account climate change within the river basin system, with
subsystems (dimensions of vulnerability). The “integrated” concept includes goals
of production and social development, with the consequent impact on human health.
For this process, key actors for development and adaptation measures must be same
inhabitants and users of watershed. In this context, the eco-health approach in water-
sheds (spatial scope), also incorporates the temporal scope of change (climate) and
allows the improvement of productive and social interactions with current and future
human and ecosystem needs, which potentially improves the health and equity of
gender and race.

Fig. 1 The methodological framework for climate-related health vulnerability assessment consid-
ering eco-health and watershed approaches. Modified from Aparicio-Effen et al. (2016a) and Nagy
et al. (2017)
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Fig. 2 Climate-related health vulnerability (VCCD) constructivism process

The MHVA refers to a study object (or problem) related to discipline (e.g. epi-
demiology, hydrology, ecology, sociology, and climatology), science or sector, which
analyses the exposure, sensitivity and adaptive capacity to the climatic and non-
climatic pressures that exert influence on the object as mentioned earlier. TheMHVA
initially follows a deconstructivist process of the discipline favouring a health cen-
tral element and leaving aside other no-health elements considered peripheral. This
opposition, centre/periphery, can be inverted and deconstruct the discipline, by virtue
of the “difference” and later these health central elements obtained from differents
disciplines will follow a constructivist process for obtein climate change health vul-
nerability for specific disease, in this case Dengue Fever (VCCD) (Aparicio-Effen
et al. 2016a; Nagy et al. 2017) (Fig. 2).

The MHVA allows the assessment of the VCC. VCC results from the action of
climate and non-climate factors on vulnerability dimensions of studied object with
following time-space variations and magnitude.

Vulnerability Results

The project determined the level and type of current and future VCCD in the five
prioritised municipalities of the Pilcomayo watersheed (Box 1).
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Box1 Health vulnerability to climate change andvariability for dengue (VCCD)
We identified and compiled the factors and dimensions of vulnerability

for dengue, from all disciplines and dimensions under study. We applied the
MHVA and then proceeded to integrate collected information (aedic indices,
number of cases of dengue, maximum temperature, minimum temperature,�1
of temperatures, precipitation, use of mosquito nets, storage of water, habits,
waste solids, and biodiversity indices such as Shanon index and Simpson’s
inverse for birds, insects and plants).

Then a multiple linear regression model was developed, processed with the
SAS program (Statistical Analysis System), obtaining the correlation matrix
for dengue, that was interpreted and analysed to parameterise the correlation
coefficients whose results were emptied in a vulnerability matrix, which also
incorporated the rate of adaptation capacity of evaluated municipality.

The results were presented with colours representing low, medium, high
and very high levels of vulnerability. For statistical analysis, the database was
structured considering the grouping of variables by dimensions of vulnerability.
For the hydrologic dimension, annual precipitation variables and observed
decrease were included. We assessed the climate baseline and current climate
for urban, peri-urban and rural areas.

For the epidemiological dimension, epidemiological indices for dengue
were considered: housing infestation indexes (IIV), Breteau Index (IB) and ves-
sel Infestation Index (IIR) associatedwith some confirmed cases and case num-
bers Suspects added by urban neighbourhoods and peri-urban neighbourhoods.
In each category, the capacities of health centres (infrastructure, equipment,
laboratory and health personnel were assessed).

Also, we assessed the confidence of people in health services by applying
qualitative methods to evaluated the adaptive capacity of health system.

The application of the MHVA to human health made it possible to recognise the
systemic relationships between health and different biophysical, socioeconomic and
environmental factors. The observed differences in exposure and vulnerability are
related to climate and non-climate factors and they are the result of multidimen-
sional inequalities produced by a disparate and inequitable development process, as
discussed in previous works by the authors (e.g. Aparicio-Effen et al. 2016b; Nagy
et al. 2018) evident in the following levels.

Political-Administrative

TheVCCD in themunicipalities ofDepartment ofTarija shows that inYacuiba climatic
factors prevail over non-climatic factors. The meteorological variables are optimal
for vector development, so seasonally Aedes aegypti finds favourable conditions for
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Fig. 3 Current and future climate-related health vulnerability for Dengue (VCCD) for urban (left)
and peri-urban (right) areas evaluated with MHVA methodology at the five studied municipalities

its reproduction, particularly in the rainy season. Future climate scenarios will accen-
tuate the current changes in maximum and minimum temperature increases, associ-
atedwith a 12%decrease in precipitation, whichwill generate water accumulation by
population, and other human and municipal management factors. In Villamontes and
Carapari, non-climatic factors prevail, but greater climatic pressures are expected in
the future.

The current VCCD of urban area is high in Yacuiba and low in urban Camiri.
The VCCD is high in the peri-urban area of Yacuiba and average in Villamontes and
Camiri. Under the 2030 future climate scenario, the urban VCCD will become very
high for Yacuiba and high for Camiri. In the evaluated peri-urban neighbourhoods,
the VCCD will become very high for Yacuiba and Camiri and will remain average in
Villamontes. The future VCCD due to the effect of the changing climate 2020–2030,
added to population growth in urban and peri-urban area, increases it from high to
very high, so it is urgent to implement adaptation measures that reduce the degree of
vulnerability (Fig. 3).

Watershed, Ecosystem, and Production

The impacts of extreme events (e.g. droughts, forest fires) highlight the exposure and
vulnerability of Chaco ecosystems and their human systems to the current climate
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(Aparicio-Effen et al. 2016b). Extreme events produce alteration of ecosystems, loss
of biodiversity (with impacts on health, for example, the almost extinction of the
guild of insectivorous birds in Yacuiba), disorganisation of food production and
water supply (continuity of services and availability), damage to infrastructure and
settlements, impacts on agricultural production, favouringDengue. Both climatic and
non-climate factors, the former predominantly indirect on health, have a summative
effect on health vulnerability.

The Site of Residence and Culture

The project has studied urban and peri-urban (indigenous and peasant) groups, evi-
dencing that peri-urban areaswith precarious housing, service deficits, and unplanned
population growth are exposed to Dengue, and now to Chikungunya and Zika. The
lower educational and socioeconomic levels reduce the possibility of using preventive
measures for dengue and access to health services.

These results evidence that the Pilcomayo watersheed, in particular at the five pri-
oritised municipalities, which show high climate-related health vulnerability, VCCD

will be very high by 2030, agreeing with the assertions made by the IPCC (IPCC
2007, 2014). The methodology implemented allowed to identify climate and non-
climate factors, with different effects and graduations for studied municipalities and
different degree of vulnerability for Dengue.

Methodological Contributions for Adaptation Prioritisation

Adaptation can contribute to well-being of populations, the security of assets and the main-
tenance of ecosystem goods, functions and services now and in the future. Adaptation is
place- and context-specific. The first step towards adaptation to future climate change is
reducing vulnerability and exposure to present climate variability. Integration of adaptation
into planning, including policy design, and decision-making can promote synergies with
development and disaster risk reduction. Building adaptive capacity is crucial for effective
selection and implementation of adaptation options. (IPCC 2014)

Climate change will affect species distribution, demography and life histories,
with consequences for human livelihoods including changing patterns of human
disease distribution (McNeely and Mainka 2009). Until the middle of the century,
the impact of projected climate change will affect human health mainly due to the
aggravation of existing health problems. Throughout the 21st century, climate change
is expected to cause an increase in poor health in many regions and especially in low-
income developing countries, compared to the reference level without climate change
(IPCC 2014).

Adaptation can reduce the risks of climate change impacts, but there are limits to its
effectiveness, especially with greater magnitudes and rates of climate change. Taking
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a longer-term perspective, in the context of sustainable development, increases the
likelihood that more immediate adaptation actions will also enhance future options
and preparedness (IPPC 2014).

Climate change and social, economic and environmental determinants of health
(SDH) are the first acknowledged root-causes of infectious diseases. Controlling
for SDH would reduce disease burden and promote adaptation. The most effective
short-term health vulnerability reduction measures are programs that implement and
improve necessary public health measures such as providing clean water and san-
itation, ensuring essential health care that includes immunisation and child health
services, higher capacity for preparedness and response to disasters, and poverty
alleviation (IPCC 2014).

These andothermeasures to reducevulnerability and to adapt are developedwithin
a temporal and spatial context, which are addressed through theMHVAmethodology.
Once the current and future VCCD was estimated for the Project area, the approach
was continued focused on transcending the health sector, quantifying the degree
of responsibility of non-health sectors, and transferring the scientific findings in
sustainable public policies and actions.

The results were presented to the different stakeholders of the Pilcomayo basin,
to prioritise participatory adaptation measures, trying to avoid the implementation
of reactive adaptation measures, which in most cases mean a loss of economic and
human resources, pollution of waters, soils, and loss of biodiversity.

The Methodology Followed for the Participatory
Prioritisation of Adaptation Measures in the Bolivian Chaco

The implementation of knowledge management tools facilitated the assessment of
progress of direct, key and strategic actors concerning:

• Changes promoted by the Project (Diaries and Scope Reports).
• Map of Actors and Map of Actors of Trust.
• Communication of results (e.g. triptychs, comic strips, radio series, and press
activities).

For participatory prioritisation of local climate adaptationmeasures,we developed
workshops in each municipality, as follows.

Before the Workshop

Step 1 Identify and summon the actors.

The scope diary progressively allowed knowing the actors and their progress on
study problem (object), their knowledge and behaviour. The updating of actors map
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and the construction of trustworthy actors map oriented the identification of those
that should be summoned to participatory process of prioritisation. The workshops
involved decision makers, municipal, local, departmental, health network personnel,
hospitals, civil society, two indigenous ethnic groups, and peasants. The development
of various communication products supported the change process, contributed to rais-
ing awareness, levelling information and knowledge, andmotivating the participation
of actors in the prioritisation process.

Step 2 Preparation of the workshop

Before the workshop, the research team prepared two types of materials: Pow-
erPoint presentations with the objectives and results of research, explaining the
workshop dynamics and investigation results, and participatory instruments for
prioritisation of adaptation measures.

The participatory instruments included the preparation of a prioritisation matrix
and cards with adaptation measures list. Previously, the research team, together
with health authorities and networks, defined the most critical adaptation measures,
which would be consulted in the workshop, based on research results. Once the
measures were defined, we identified the most relevant analysis dimensions for mea-
sures set, including, for example, changes in behaviour (in people), political will (in
the authorities), institutional changes and new legal frameworks.

At the same time, different types of activity were defined, corresponding to main
change involved in the implementation of each type of activity, and each one received
a different colour. All activities were transcribed into colour cards (one activity per
card) according to their type and for all measures. Finally, all participant stakeholders
designed a large prioritisationmatrix that included as columns: themeasure, the activ-
ities, who leads each action, who will participate in its execution, who will finance
the actions, the scale of intervention, the time scope and the score (for prioritisation).

All the researchers assumed their role in the workshop: facilitate the groups, help
identify the cards in the matrix, take notes and clarify doubts.

During the Workshop
Step 3 Presentation of research results: levelling knowledge and promoting collab-

orative spaces

At the beginning of each workshop, the research team announced the key findings
to stakeholders, reporting on objectives and expected results of workshop, levelling
the information and knowledge product of research, and preparing for participation
in the activity.

The systemic approach of process allowed to socialise research results related to
levels of water pollution, type, and distribution of the solid waste, diseases to which
they face, the role of different sectors in diseases prevention, the possible reasons that
originate them, deficiencies of infrastructure and management. A round of questions
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after each presentation allowed to exchange points of view and to satisfy doubts of
participants.

Box 2 Prioritised adaptationmeasures for Dengue selected by the stakeholders
in the Project area (Table 1).

1. Safe water
2. Water for hygiene
3. Integrated solid waste management
4. Early Warning System for Dengue
5. Improvement of the management of protected areas
6. Sectoral and intersectoral capacity that encompassed: Organising aware-

ness workshops and strengthening health networks.

The measures mentioned above were followed by the implementation of
a massive campaign and the implementation of a multisectoral platform to
address health issues. The discussions held with the stakeholders allowed
knowing which would be the activities that would have more significant
support, besides the type of measure, showing the vision that actors have
about problem and solutions. The construction of dialogue and consensus and
the organisation of awareness campaigns were essential actions to generate
behavioural changes. Regarding safe water, water boiling was the activity with
the highest consensus, followed by water filtering, monitoring, and mainte-
nance of the distribution network and tank construction. This result shows
that prioritised activities highlight those that demand behavioural changes in
people and families, and those that require infrastructure works in charge of
municipalities and families themselves.

The prioritised adaptation measures respond to research results that show
the population contribution, health sector, and other health-related sectors, and
how the deficiencies or well-performed sectoral work aremade explicit in envi-
ronmental and social determinants, that will favour or prevent the presentation
of Dengue cases.

Step 4 Prioritisation of adaptation measures: incorporation of all perspectives

Due to the socio-cultural characteristics of participants, we decided to implement
a methodology based on debate and consensus, and not on numerical weighting of
measures. Although numerical weighting could contribute to objectivity of decision,
there was a risk of transforming the process into a technical exercise of validation of
opinions instead of being amoment of knowledge dialogue that would allow express-
ing the participants opinion in their complexity (idiomatic, worldview, educational,
social position and perception).
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Once results were presented, the different stakeholders were organised in groups
by type and sectors of activity (NGO, urban organisations, indigenous peoples, health
sector and local governments), where the facilitators presented the set of selected
adaptation measures, explaining their meaning and scope. Each measure was placed
in the first column of the matrix.

Identification of Strategic Activities

The cards with activities were organised in groups and were placed in a visible
place for all the participants. Participants were asked to select two activities for each
adaptation measure. The possibility was left open for each group to incorporate new
activities by consensus. Then, with the help of the facilitator, each group agreed on
the main activities that should be implemented for each adaptation measure. The
cards prioritised by each group are placed in the second column along with each
adaptation measure.

Identification of Stakeholders

Adaptation planning and implementation can be enhanced through complementary actions
across levels, from individuals to governments. National governments can coordinate adap-
tation efforts of local and sub-national governments, for example by protecting vulnerable
groups, by supporting economic diversification and by providing information, policy and
legal frameworks and financial support. (IPCC 2014)

Each groupwas given cards inwhich the name of different institutions waswritten
by type: Municipal government, national government, university Health networks,
which were requested to identify, by consensus, the institutions that should or might

• Lead the implementation of activity.
• Be summoned to design activity.
• Follow-up of activities.
• Have potential or interest in funding them.

The cards with the names of the institutions identified by each group were placed
in the third, fourth and fifth column of matrix together with each activity or group of
prioritised activities with which they were related.

Subsequently, each group discussed the scale of intervention (family, neighbour-
hood, municipality, department, Country) and initiation of activities (short, medium
and long term). The selected cards were placed in the sixth and seventh column.
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Prioritisation of Adaptation Measures

The work in groups allowed building different matrices of prioritisation of measures
and activities, which included the contributions of each type actor, placing together
with each one, a number from1 to 6 (therewere sixmeasures of adaptation) according
to the assigned importance. Subsequently, a singlematrix synthesiswas consolidated.

After the Workshop

Step 5 Analysis of results

Adaptation experience is accumulating across regions in the public and private sectors and
within communities. There is increasing recognition of the value of social (including local
and indigenous), institutional, and ecosystem-based measures and the extent of constraints
to adaptation. Adaptation is becoming embedded in some planning processes, with a more
limited implementation of responses. (IPCC 2014)

The research team and health sector counterparts, processed the information
jointly constructed, emptying the prioritisation matrices in an analysis matrix of
measures and activities prioritised by actor type. The analysis matrix allowed iden-
tifying the number of actors that prioritised each measure guiding those that are of
greater consensus or importance at the local level.

As a final result of the project, climate adaptation measures for dengue were pri-
oritised following Eco-health and watershed approaches. Then, adaptation options
were participatory prioritised, designing a “Climate Change Health Strategic adap-
tation Plan”, which implementation has already begun. The Plan initially designed
for Dengue serves as the basis of adaptation for Chikungunya and Zika that share
the same vector and that are new diseases in the Pilcomayo Watersheed.

Many adaptations and mitigation options can help address climate change, but no
single option is sufficient by itself. Effective implementation depends on policies and
cooperation at all scales and can be enhanced through integrated responses that link
mitigation and adaptation with other societal objectives (IPCC 2014). In this sense,
the use of MHVA and current adaptation experience would help in identifying the
most vulnerable locations and target adaptation actions.

Conclusions

Based on current and future climate and non-climate scenarios, and participatory con-
sultation process developed within the Methodology for climate change Health Vul-
nerability Assessment considering Eco-health andWatershed Approaches” (MHVA)
framework, we highlight the following findings.
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The climate-related health vulnerability resulted from the action of climate
and non-climate factors and vulnerability dimensions related to the studied object
(Dengue Fever: VCCD) with time-space and magnitude variations.

The vulnerabilities are the result of multidimensional inequalities produced by a
disparate and inequitable development process.

Climate adaptation options for Dengue were prioritised based on Eco-health and
Watershed approaches through a participatory workshop.

The primary outcome of the MHVA and participatory process is the “Climate
Change Health Strategic adaptation Plan” initially designed for Dengue Fever,
that serves as an adaptation basis for Chikungunya and Zika, two new diseases in
Pilcomayo Watersheed that share the same vector.

As stated by the Intergovernmental Panel on Climate Change (IPCC), the
effective implementation of adaptation measures depends on policies and coop-
eration at all scales and can be enhanced through integrated responses that link
management options with other societal objectives. In this sense, the use of
MHVA and current adaptation experience would help in identifying the most vul-
nerable locations and target adaptation actions for health and other health-related
sectors.
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