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Abstract. In Southeast Asia, regional institutions insist on the crucial role of innovative research to
address sustainable development challenges. Among those challenges, the increasing human
dominance of the global landscape, particularly in regard to forest cover loss is of major concern. Such
dramatic habitat changes are accelerating the biodiversity loss. This reduction in biodiversity through
altered landscapes due to urbanization and agricultural intensification appears linked to major
epidemiological changes in human diseases with higher disease risks and the emergence of novel
pathogens resulting from increased contacts between wildlife, domesticated animals and humans.

It appears necessary to investigate the multiple impacts of the intensification of the circulation along
the economic corridor Thailand-Laos (linking Myanmar to Vietnam) on the evolution of infectious
diseases of public health interests. Integrating the various dimensions of complexity thanks to
disciplines such as ecology and environmental sciences, health sciences, policies and law, we analyse
retrospectively, and comparatively infectious diseases' dynamics associated to policies, land use and
biodiversity changes. The need of prospective scenarios of health that are embedded in the socio-
ecosystems is crucial: we will thus produce scenarios of future health embodied in the One Health
approach at the human-animal-environment interface and directed towards decisions-makers or
communities concerned at the national or local scale

Keywords. Scenarios, health, biodiversity, complexity, governance, science policy dialogue.

6.1 INTRODUCTION
Even though since the United Nations Conference on the Human Environment (Stockholm, 1972), the

awareness of inter-linkages between health and environment increased in the international arena,
through various international conferences (United Nations Conference on Environment and

95


file:///C:/Users/Clairou/AppData/Local/Temp/claire.lajaunie@inserm.fr
file:///C:/Users/Clairou/AppData/Local/Temp/serge.morand@cirad.fr
file:///C:/Users/Clairou/AppData/Local/Temp/pierre.mazzegaciamp@get.omp.eu
Pierre
Note
REFERENCE:
Lajaunie C., Morand S. and P. Mazzega (2019) Complexity of Scenarios of Future Health: Integrating Policies and Laws. In: Boulet R., Lajaunie C., Mazzega P. (eds) Law, Public Policies and Complex Systems: Networks in Action. Law, Gov. & Tech. Series 16, Springer, 113-131  https://doi.org/10.1007/978-3-030-11506-7_6 


Development, Rio 1992; World Summit on Sustainable Development, Johannesburg 2002) and a
decisive involvement of the World Health Organization (WHO) in treaty-making processes, health
issues were not taken into consideration as such, until recently, by the international environmental law.
Few doctrinal works tempted to highlight the role that international environmental law could play in
addressing health threats such as emerging diseases (Von Schirnding et al. 2002; Onzivu, 2006) but
disease issues are still poorly considered through the international environmental law perspective. As a
consequence, to date there is a lack of evidence-based work into the field of environmental law.

In Southeast Asia, the development of evidence-based policies is called by different agencies such as
United Nations Development Program and United Nations Environment Program in Southeast Asia
(cf. the Poverty-Environment Initiative in Thailand, UNDP, UNEP, Government of Thailand, 2010) or
the United Nations Economic and Social Commission of Asia-Pacific (ESCAP, 2014) and at the
National level in Thailand or Laos.

While focusing on regional connectivity, regional institutions such as ESCAP insist on the crucial role
of innovative research to address sustainable development challenges. Among those challenges, the
increasing human dominance on the global landscape, particularly in regard to forest cover loss is of
major concern in the tropics (Lewis et al., 2015; Cornu et al., 2017). Such dramatic habitat changes are
highlighted as a major cause of accelerated biodiversity loss (Lynam et al., 2016; Civitello et al., 2015;
Wilcove et al., 2013). This reduction in biodiversity through altered landscapes due to urbanisation
and agricultural intensification appears linked to major epidemiological changes in human diseases
with higher disease risks and the emergence of novel pathogens resulting from increased contacts
between wildlife, domesticated animals and humans (Lloyd-Smith, 2009; Brearley et al., 2013;
Morand, 2017). Southeast Asia is a tropical region where both biodiversity is at high risk due to
human activities and where infectious diseases are highly favoured (Coker et al., 2011; Horby et al.,
2013; Gay et al., 2014; Morand et al., 2014a; Hotez et al., 2015).

It leads to different questions in the regional context of Southeast Asia: how international
environmental law translated and implemented at the regional or national level can address health
issues (such as diseases spread)? How regional organisations and initiatives on health or the
environment or both could function together in an attempt to solve health issues? How environmental
law at the regional or national level could take advantage of considering and integrating the questions
related to disease ecology, biodiversity erosion, land use/land cover (LULC) change, and global
changes in order to propose evidence-based policies and regulations fitting a specific local or regional
context? This is the kind of issues we are addressing with the FutureHealthSEA project (2017-2021)
by investigating the impacts of the intensification of the circulation along the economic corridor
Thailand-Laos (linking Myanmar to Vietnam) on the evolution of infectious diseases of public health
interests. Integrating ecology and environmental sciences with health sciences, policies and law, this
project analyses retrospectively and comparatively infectious diseases' dynamics associated with
policies, land use and biodiversity changes and combine predictive process-based scenarios and
policy-driven storytelling scenarios of health incorporating disease ecology, biodiversity erosion,
future land use and climate change regional impacts.

The need of prospective scenarios of health that are embedded in the social-ecological systems is a
crucial issue. However, these scenarios cannot be limited to the results of phenomenological
(statistical) models, although they show their interest for retrospective or comparative analyses, but
they should be produced from process-based models (Section 6.2) integrating disease ecology
modelling and be policy-driven (Myers et al., 2013; Mouquet et al., 2015). An excursion is proposed
in Section 6.3 in the world of integrative impact assessment modelling to present some of the
difficulties that arise when it comes to modelling public policies, but also the value of integrating them
into the simulations as effective components of the evolution of a health-environment interaction
system. This involves digitally simulating evidence-based scenarios that take into account existing or
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projected public policies and norms, and thus explore areas where public action can be expressed in
the context of a science-policy dialogue (Section 6.4). Conclusions are drawn in Section 6.5.

6.2 THE NEED OF PROCESS-BASED PROSPECTIVE SCENARIOS

Previous projects® have shown that biodiversity and environmental changes, notably land use changes
at regional to local scales are factors of health risks and of emergence of zoonotic diseases. They
highlighted the fact that biodiversity is a source of pathogens diversity as well as a source of biological
diversity as well and even cultural diversity (Morand et al., 2014b; Morand and Lajaunie, 2017). They
confirmed the importance of the spatio-temporal dynamics of the land use land cover in determining
the diversity of wildlife and their parasites, in particular through the use of network analyses (Bordes
et al., 2016; Pilosof et al., 2015) with implications for human risk of zoonotic diseases. Regarding
health, the insights gained from those projects underlined the necessity to understand the various
dynamics at stake and to develop scenarios of future health embodied in the One Health approach at
the human-animal-environment interface.

The One Health approach to manage the risks presented by animal diseases and zoonoses at the animal
human-ecosystem interface started spreading into international environmental agreements related to
biodiversity, acknowledging as such the role of biodiversity in addressing well-being and health issues
(Lajaunie and Mazzega, 2016). This acknowledgment leads to the creation of the Intergovernmental
Platform on Biodiversity and Ecosystem Services (IPBES) modelled on the Intergovernmental Panel
on Climate Change (IPCC) to be an efficient science-policy interface mechanism able to improve
policy-relevant information about the state, trends and outlooks of human-environment interactions
with a focus on the impacts of ecosystems change on human well-being. The Strategic Plan for
Biodiversity 2011-2020% integrates this aspect by defining strategic goals and targets (Aichi
biodiversity targets®) in order to halt the loss of biodiversity and thus contribute to human well-being.
These Aichi targets, as well as the IPBES assessments and the One Health approach, implies a
translation at the national level of those international strategies and Thailand is very committed into
the implementation of these strategies and tends to have a leadership role at the regional level on these
aspects.

In the context of climate change, the IPCC build scenarios and storylines describing different options
of the evolution of the world through the 21st century by taking into account socio-economic factors.
Thus, the scenarios proposed by the IPCC, called Special Reports on Emission Scenarios®, are based
on factors such as the global population, economic development (expressed in annual Gross Domestic
Product) or measure of equity (per capita income ratio). It is striking to see that the methodology of
scenarios developed by the IPBES, which main goal is to strengthen the science-policy interface, is
distinguishing between four different types of scenarios, supposed to play “important roles in relation
to the major phases of the policy cycle”®. Nevertheless, the IPBES does not seem to suggest the
integration of policies and law as factors involved in the dynamic of change of biodiversity and of
modification of the environment at large.

In addition, the Executive Secretary of the Convention on biodiversity in a note to provide its
Subsidiary Body on Scientific Technical and Technological Advice (SBSTTA) relevant information

8 ANR Project BiodivHealthSEA “Local impacts and perceptions of global changes: Biodiversity and Health in
Southeast Asia” (2012-2016) and ANR Project Ceropath “Community Ecology of Rodents and their Pathogens
in Southeast Asia” (2007-2011).

%2 https://www.cbd.int/sp/ Accessed 25 Feb 2018

% https://www.chd.int/sp/targets/ Accessed 25 Feb 2018

% See e. g. https://www.ipcc.ch/pdf/special-reports/emissions_scenarios.pdf Accessed 25 Feb 2018

% See https://www.ipbes.net/scenarios Accessed 25 Feb 2018

97


https://www.cbd.int/sp/
https://www.cbd.int/sp/targets/
https://www.ipcc.ch/pdf/special-reports/emissions_scenarios.pdf
https://www.ipbes.net/scenarios

on scenarios for the 2050 Vision for Biodiversity underlined the fact that “quantitative models that
incorporate feedback regarding biodiversity change on ecosystem services and human well-being have
not been incorporated into comprehensive scenarios” (SBSTTA, 2017 §20). Among those feedbacks
we must consider the spillover effects of policies and law (for instance on land use, agricultural policy,
protected areas, forest logging).

However, few studies have allowed policy makers to anticipate the full health implications of their
decisions, which implies that research effort should explore the multiple health outcomes of ecosystem
alteration, taking into account the socio-ecological dynamic changes. Investigating multiple diseases
of public health importance may then generate useful insights for policy (see Box 6.1). The emphasis
should then be put on policy-driven research. Most of studies that put their scientific efforts in
biodiversity conservation or ecosystem services tend to proceed from basic research to policy
application, forgetting the advice of Myers et al. (2013) that a basic reversal of approach from policy-
driven application to basic research with the objective of producing scenarios will participate to the
increasing value of scientific results to society.

Box 6.1 Some Emerging Infectious Diseases related to the Environment

Biological diversity and the complexity of interactions are also expressed by the large number of
emerging or re-emerging infectious diseases (here in South-East Asia) linked to environmental
dynamics through mechanisms and via specific paths. Four criteria guided our selection of diseases to
be studied in the FutureHealthSEA project: a) to address diseases with a significant impact on public
health; b) to select diseases allowing to explore the relative importance of environmental change, the
role of domestic animals, wildlife and various vector types; (c) the availability of data on the entities
and processes involved; d) to allow a parsimonious use of scientific curiosities (the resources
allocated to the project being limited). The diseases selected are the following:

Leptospirosis. The main types of leptospiroses considered (based on their genotyping and
serotyping) differ in the importance of the factors of LULC change (e.g. through the intensification of
agriculture and livestock farming) and environmental changes (water and soil), and dependence to
survive outside the hosts, whether humans, livestock or wildlife, in their dynamics.

Scrub Typhus. Forest cover, which increases with altitude (very few forests in the plains) is one
main determinant of the epidemiology of the scrub typhus (our terrain in Nan Province ranges
between 100m and 1 700m) through the changes of forest types, the diversity of the chigger mites’
vectors and reservoirs, and the rodents hosts for chiggers development (Chaisiri et al., 2016, 2017).
The spatial diffusion of scrub typhus is limited by the low dispersion of bacteria (trans-ovarian
transmission from one mite generation to the next, no re-infection) but can be enhanced by dispersion
of the mammalian hosts of the chiggers (Morand et al., 2018).

Dengue. Dengue affects only humans preferentially in peri-urban areas and its epidemiology is well
described in Vietnam (van Panhuis et al., 2015). Its vectors, Aedes aegypti and Aedes albopictus,
show resistance to insecticides. The approach we develop could be transposable to other vector-borne
diseases (babesiosis, bartonellosis, zika, chikungunya, Japanese encephalitis). We consider two types
of transmission, simple vector-borne (mosquitoes/humans such as dengue, chick) and complex vector
borne with reservoirs (ticks or fleas or mosquitoes / mammals / humans such as babesia, bartonella,
Japanese encephalitis). We also investigate whether local development scenarios could provide the
conditions for the re-emergence of malaria (via Anopheles mosquitoes) (Overgaard et al., 2015).
Melioidosis. Although it is a real threat, there are no systematic recording of melioidosis
(Burkholderia pseudomallei) due to a telluric bacteria (Ribolzi et al., 2016), for which the modes of
contamination are little known (Buisson et al., 2015).

In the scenarios, multi-level public policies will be considered via the impacts they are likely to have
on land use-land cover, habitats or on health (e.g. prophylactic measures). We use various types of
assessments (such as Strategic Environmental Assessment (World Bank 2009; Li et al., 2012) or
Landscape Ecological Assessment (Mortberg et al., 2007; Lee et Ho, 2012), different public policy
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appraisals (UNDP Thailand, 2014) or case studies (UNDP Thailand, 2014; OECD, 2014) to help build
scenarios. We aim at the production of indicators for decision makers from local to regional (ASEAN)
level, along with their uncertainty and caveats about the limitations of their use, including ethical, and
prospective proposals of strategic directions for evidence-based policies linked with the possible
mitigation of outbreaks and spread of infectious diseases in the ASEAN economic corridor.

6.3 INTEGRATING POLICIES AND REGULATIONS IN ENVIRONMENT & HEALTH
MODELS

Technically, the future health scenarios we are developing are based on formal modelling and
computer simulations. In recent years, impact assessment modelling has shown the interest (and
possibilities) of integrating a variety of multi-scale environmental processes (Hamilton et al., 2015;
Milat et al., 2015). Our purpose here is not to present this approach applied to the emergence of
infectious diseases related to environmental changes, but to discuss the importance of integrating
public policy representations and legal norms into simulation platforms, as integral components of
social-ecological systems with direct impacts, though entangled through a myriad of processes, on the
evolution of these systems.

6.3.1 On Policy Modelling

The term "policy modelling™ covers a diversity of domains like social computing, policy analysis,
visualisation (in policy modelling), citizen engagement, public opinion mining and sentiment analysis,
visual analytics (including analytical reasoning) and linked data in open government information, trust
in governance, public service aggregation, mash-ups and orchestration, just to mention a few items
identified in the CROSSROAD (2010) project. In the present context, we focus on the development of
formal representations of the entities and processes involved in a given public policy®, and the use of
these representations in computers in order to simulate in silico the evolution of the state of these
entities, eventually in interaction with other policy-driven, socially driven or environmental processes.
A policy is by itself a complex system involving actors, material (natural resources, infrastructures,
financial resources, etc.) and cognitive resources (data, knowledge, norms), which state changes under
process' and actors' actions. A generic framework to represent a large set of such policies having
potential impacts on social-ecological systems is described in Chap.4 of this volume (Sibertin-Blanc et
al., 2018). Its use makes it possible to clarify the concepts used in an interdisciplinary project, to share
knowledge (especially between tenants from different disciplines) and to base the work on an abstract
system of consensual knowledge representations. For example, the notion of "human well-being" may
be considered as an indicator aggregating information on the state of variables related to the health of a
population of (human) individuals but could equally well include information concerning the quality
of the environment of this population (animal health, ecosystem health, ...).
Several difficulties arise when it comes to modelling policies and their impacts, some of which are:
= A public policy simultaneously modifies the states of several actors and resources;
= The state of a resource is likely to modify the conditions of the implementation of a policy®’:
= The effect of a policy depends on its social acceptability and on the degree of compliance with
which it is followed by various social groups;

% For simplicity, we will consider here that the term "policy" also includes the class of norms and legal
regulations. This shortcut is justified by the equally normative nature of public policies whose action aims to
reach a different state of affairs than the current state.

87 A change of state of a resource can also lead to the design and implementation of a targeted policy.
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= Each actor (individual or collective) interprets a policy (assuming he is aware of its existence and
requirements) and integrates it in his own way into a behavioural strategy.
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Fig. 6.1 Main public policies integrated into the modelling of the emergence of infectious diseases (see
Box 6.1) in the province of Nan (Thailand). The left column shows the decision-making levels of their
implementation

The identification of each process that a public policy solicits, of each activity and actor who carries it
out, and the representation of how the state of the resources are modified, are at the heart of impact
modelling®®. A parsimony principle guides the modelling: processes with little impact or impact on

% The processes themselves can be modified: the impact of deforestation on the water cycle - on runoff, recharge
of groundwater, etc. - or soil depletion is a known example.
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state variables of no interest for the issue considered are set aside®. The main areas of public policy
that we take into account in the study of the emergence and epidemiology of the selected infectious
diseases are presented in Figure 6.1.

6.3.2 Entangled Process Dynamics

Regardless of their respective decision-making levels, all public policies and regulations and norms
implemented in a given territory are supposed to act, simultaneously, on the behaviour of the actors,
on the resources, and sometimes exert control over some processes (e. g. environmental services). The
state of the various resources - biodiversity, soil, forests, water, air ... - conditions in return the actions
and possible behaviours of the actors, as well as the overall context of application of the policies and
norms. The interactions take place in a continuous flow. Causality is diffuse, with changing intensities
and orientations, and through evolving actors and resources networks.
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Fig 6.2 Stylisation of the main interactions between resources and actors involved in the emergence
and epidemiology of selected infectious diseases (disease-related links are in dashed lines).

Figure 6.2 is a highly stylised representation of interactions between resources and actors involved in
the emergence and epidemiology of infectious diseases that we consider. At this level of abstraction,
the labels of the entities or processes must be considered as classes whose main elements are, in a
second phase of the modelling process, identified and represented in relation to the other entities and
processes of the modelled system. For example, in this specific context the ecological concept of
habitat brings together soils, bodies of water and vegetation (each of these entities being endowed
with relevant state variables and functions capable of modifying the state variables of other entities).
The interactions between the atmosphere and habitats or pathogens are also multiple (effects of
precipitation, air humidity and temperature, for example). The complexity of this schema can be
increased and its conceptual accuracy improved progressively for example by taking into account
human settlements, which are important for synanthropic species such as some species of mosquitoes
(Aedes), ticks (dogs, cattle), or rodents (Rattus). Larval mites are the reservoirs and vectors for
Orientia tsutsugamushi while rodents are not, but they are the hosts for larval chiggers' development.
Chiggers are linked with habitat as they need soil and vegetation to mature, reproduce (and to lay eggs
for a new generation of infected / non infected larval mites). Some pathogens (Leptospira,

% From the point of view of modelling, such choices are guided by sensitivity analyses (see below).
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Bulkholderia, some viruses) are directly in contact with the environment and are dependent upon its
quality (pH, turbidity and others), some others are in contact indirectly with the environment through
their vectors (Bartonella, Orientia tsutsugamushi, Babesia).

An effective way to simulate the interactions between various public policies is to consider their
impacts on resources whose changing state is "exposed"” to the activity of the actors. If the empirical
observation and formal representation of the direct interactions between actors often present
insuperable difficulties (e. g. interactions between groups of rational strategic agents), the mediation of
these interactions by the evolutionary state of the resources makes it possible to reproduce empirical
dynamics.

Thus Figures 6.1 and 6.2 are to be reconciled by connecting each public policy with each resource
(characterised by its nature, if any geographical extension, etc.) it impacts in a potential or proven
manner. For example, prophylaxis measures impact pathogens (considered in the meta-class of
material resources for the purposes of this modelling of future health scenarios) and people's health.
Incentives for the development of cash crops have observable effects (through LULC high resolution
maps, landscape changes analysis, field surveys) on the forest, on the water cycle, therefore on habitats
and biodiversity, but also on rodents, that in turn are candidate vectors of pathogens. Climate change
has effects - direct or indirect - on just about every component and process of social-ecological
systems.

It is important to emphasise what may seem like a paradox. A public policy is conceived ex ante
according to a causal schema that wants its implementation to have well identified or even quantifiable
effects. Of course, collateral, unexpected effects can also occur (especially because of the
inventiveness of human actors). However, particularly in those policies and norms implementation
whose pathways are interpenetrated by environmental dynamics (involving biological, bio-
geochemical or physical processes) it is almost illusory to claim to attribute to each of the measures
the share of changes that it has induced on the trajectory of evolution of the social-ecological systems
empirically observed. A whole range of predictability of the evolution of the states of the actors and
resources mixes (from quasi-certain predictions to the complete uncertainty for example concerning
some collective decision-making) as well as effects delayed in time or in space, and effects cascading
in a range of scales. Nevertheless, this observation, far from making the integrated impact assessment
models obsolete, makes it indispensable (irreplaceable) through the simulation of process-based
scenarios.

6.3.3 Integrated Impact Assessment Scenarios

The ability of the integrative model to represent with acceptable realism the dynamics of the social-
ecological system is evaluated in comparison with a set of heterogeneous data related to the state
variables of the model entities. In silico simulation of the interaction of processes and activities of
virtual actors must reproduce as much as possible the past observations and data. The diversity of data
types (on LULC changes, biodiversity, epidemiology, demography, economic data, stakeholder
strategies, etc.) is essential to ensure relevant representativeness of the empirical information and thus
verify the coherence of the integrative model™. The sensitivity analysis, which consists in testing the
impact of different configurations of the integrative model on the observable variables, allows
calibrating certain parameters, adjusting the model procedures and, if necessary, simplifying its
representations. At the end of this phase, the model faithfully reproduces the trajectory of the social-

" Note, however, that this procedure cannot guarantee that another system of formal representations could pass
this comparison test with the empirical data in just the same way. We will not develop this point, which raises
questions about the ethics of modelling that we address elsewhere (see Mazzega, 2018 submitted).
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ecological system as it has been observed and leads to an exhaustive description of the state of its
variables considered as an initial system state from which the prospective scenarios will be simulated.
The business as usual scenario (BAU, see Figure 6.3A) assumes that none of the conditions that
governed the past evolution of the system will change in the future: the continuation of the simulation
over the period of time of interest produces a description of the evolution of the system (and useful
indicators) that will be used as a reference for comparison with other trajectories. Other scenarios can
then be designed and simulated: modification of a compliance rate of the actors with the existing
policies and regulations (condition set C1 and trajectory #T1 of Fig. 6.3A), implementation of a new
policy of health or biodiversity conservation (condition set C2 and trajectory #T2 of Fig. 6.3A), etc.,
all other things being kept unchanged in the model simulation.

#T 1
(A)
INITIAL ]
OBSERVED STATE
& MODELED
PAST
EVOLUTION
#T 2
#T11
/
(B) (
INITIAL
-3 SYSTEM (€0
OBSERVED STATE L
& MODELED
PAST
EVOLUTION
#T21
L #T11
(€) |
&Y |
INITIAL LT BAU |
—_————3>| SYSTEM (€O .
OBSERVED STATE |
& MODELED :
PAST |
EVOLUTION : !
| |
! :
- > | w121
INCENTIVE RANK
OBLIGATION

Fig. 6.3 Schemes of progressive constructions of scenarios (conditions Cj, event Ej, trajectory
#Tjk) and their possible use for the implementation of incentives or obligations (see text)

Many social and political interactions do not follow one another in a simply mechanistic way. Note
however that ecosystem or biological dynamics present, from the point of view of modelling,
behaviours just as little predictable, even poorly understood - like the biodiversity tipping points
(Leadley et al., 2010). A relatively satisfactory approach to these phenomena is to consider as many
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potential events in time (these are E1 and E2 in Figure 6.3B), and to make assumptions about the
likely results of their occurrence. The way in which these assumptions are likely to modify the
conditions of evolution of the subsequent trajectories are taken into account as so many branching sub-
scenarios. The combinatorial of the scenarios' condition sets and events thus leads to diversifying the
possible evolutions explored by simulation.

The scenarios are designed to provide analysis elements to specific communities - policy and decision
makers, citizens or local communities, scientists - based on scientific knowledge and data that can be
mobilized. By considering all intermediate and final states of modelled actors and resources, a likely
trajectory of evolution can be perceived as the more desirable than another one, which leads to a
hierarchical ranking of scenarios, from the more to the less desirable ones. Specifically, a desirable
scenario may involve the implementation of incentives or obligations, or the consideration of specific
policy recommendations if a given event occurs (Fig. 6.3C). However, this cycle can only be exploited
if the conditions for a science-policy dialogue are well established, and this in the long term.

6.4 SCIENCE-PoLICY DIALOGUE FOR INFORMED POLICIES AND LAW

First, the results of the CERoPath project advocate focusing on diseases of public health importance
for the area studied in order to facilitate a science-policy dialogue. This has been started with the
BiodivHealthSEA project (2012-2016) for studies implemented at a local scale (village or district) by
investigating zoonotic diseases or antimicrobial resistance at human - livestock - wildlife interface in
Northern Thailand and Laos (Ribas et al., 2017, Olaitan et al., 2015, Olaitan et al., 2016). In 2006, the
Nan Province was affected by a flood event and 1,400 cases of leptospirosis were reported after the
peak of the flooding, which led the government to set up a prevention campaign. The extensive survey
of Leptospira infection in rodents gathered in 2008 and 2009 in the CERoPath project was compared
to the human incidence of the disease from 2003 to 2012 gathered by the BiodivHealthSEA project in
168 villages with the collaboration of two district hospitals. Using an ad hoc developed land-use cover
model, humans and rodents were observed as not infected in the same environment. Interestingly,
there was a strong effect of public health campaigns conducted after the dramatic flood event of 2006.
This study confirmed the role of the environment and particularly the land use in the transmission of
bacteria, emphasised by the effects of the provincial public health campaigns on the epidemiological
pattern of incidence, and questioned the role of wildlife as reservoirs (Della Rossa et al., 2016).
Locally, health and environmental policies are highlighted as a key component of the epidemiological
landscape. Similar ongoing studies concern the epidemiology of scrub typhus (Chaisiri, 2016).

A recent PhD study (Jaruwan Viroj, lecturer at Maha Sarakham University, enrolled in Montpellier
University) constitutes another pilot study for future health scenarios. The epidemiology of
leptospirosis and the public health policy are investigated by collecting the leptospirosis incidence data
at the individual level (village) over 2004-2014 from the Department of Disease Control, the land use
and socio-economic data (at the level of the village) from the Land Development Department, the
Department of Public Health, and information on livestock and poultry than could carry Leptospira
bacteria from the Department of Livestock Development.

Intensive survey with questionnaires and interviews of former infected and non-infected people (600
persons) has already been conducted, in order to obtain their perceptions and knowledge of the
disease, its epidemiology, its control, and the potential roles of animal reservoirs. A second survey
with questionnaires and interviews of health volunteers, public health officers, and community leaders
(700 persons) has been given about for their perceptions on the strengths and weaknesses of
leptospirosis control. All these data are already gathered and integrated in a linked geo-referenced
database to be investigated statistically. The spatio-temporal epidemiology will be discussed in the
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light of a policy analysis of the leptospirosis surveillance and prevention scheme of Public Health (at
both national and provincial levels).

This work contributes to the development of evidence-based policies and law. International
environmental law (IEL) developed under the influence of ecology and both disciplines started to co-
evolve since the 1970s (Turgut, 2008). One distinctive feature of IEL is that it promotes cooperation
among States to realise common gains (Bodansky, 2010): there is an underlying notion of "general
interest" as in public law, and this principle guides our research as it induces regional and
transboundary cooperation, transposition of interesting solutions, common strategies. It also calls for a
fluid interdisciplinarity due to the complex natures of social-ecological systems. Similarly, we think
disease ecology, which studies host-pathogen interactions within the context of their environment and
evolution, could play a decisive role for bridging public health and conservation policies. Furthermore,
local participatory initiatives, community-based management of natural resources (Salam et al., 2006),
specific customary law or regulations (on health, agriculture, forestry, biodiversity, water and soil)
constitute case studies that can give insights for legal solutions and for evidence-based policies (Koon
et al., 2012) that should be taken into account and up-scaled at the national level: we are studying
some specific cases that could help to specify, confirm or modify national strategies and plans.

We consider that complex interplay of multiple contemporaneous environmental changes (e. g. LULC,
climate change or exchanges intensification) on multiple dimensions of health need to be better
assessed in order to gain utilities for public health policy, biodiversity conservation, and practices. The
scenarios (Alcamo and Henrichs, 2008; Biggs et al., 2007) we will produce are not “predictive”
because of the multiplicity and the complexity of interactions associated to the contingency of political
decisions but “prospective”. As such they are directed towards decision makers (Alcamo and
Henrichs, 2008; Spierenburg, 2012) or communities concerned at the national or local scale.

The main goal of the ongoing FutureHealthSEA project is thus to produce results that are reflecting
local concerns, responding to the need of an evidence-based approach championed by national law
such the new Thai rules and procedures for the Health Impact Assessment of Public Policies (National
Health Commission Office; NHCO, 2016). The United Nations Environment Programme is also
calling for the development of evidence-based decision-making to reach the Sustainable Development
Goals by 2030 (UNEP, 2015). Indeed, we are aiming at developing a grounded research in line with
the current considerations at the local, national or regional level and to build a dialogue between
scientists and policy-makers to identify issues related to the interactions “biodiversity-infectious
diseases” notably in order to facilitate the monitoring and assessment of public policies.

6.5 CONCLUSION

Assuming that changes in the environment and in the biodiversity whether they result from
international or national policies or community actions have an impact on the evolution of health risks,
the project proposes to prospective scenarios embodied in the One Health approach at the human-
animal-environment interface to anticipate the influence of those changes. The originality of the
project is to integrate law and policies regarding the environment and health as integral part of the
various factors of changes. It requires to gather various types of data and to take different approaches
into consideration. Addressing the different challenges, the project implies is rendered possible thanks
to the implication of a variety of local and regional academic and institutional partners convinced by
the interest of such an approach and willing to test it in concrete situations at the district, provincial or
national level for instance.
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