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Introduction

Central America is a unique climatic region in the world. Located in a tropical
setting, the isthmus constitutes a stretch of land of complex topography
between the Pacific Ocean and the Caribbean Sea. Large-scale natural
climate processes originated in these two water bodies greatly influence the
continental climate. Examples of those processes are El Nifno-Southern
Oscillation (ENSO); the trade winds influence expressed in the Caribbean
Low-Level Jet; the Intertropical Convergence Zone; the North Atlantic

Subtropical High; and many others.

Although the presence of abundant micro-climates is a defining
characteristic of the region, it is common to classify the climate into having
predominantly Pacific or Caribbean slope features. The Pacific climate has a
well-defined dry season lasting 4-6 months, while the Caribbean climate has
wet characteristics all year long. In general, the El Nifio (warm phase of
ENSO) events are associated with dry conditions in the Pacific slope and wet
conditions in the Caribbean slope and vice versa for La Nifa events. The
ENSO signal and its impacts are reinforced when the sea surface
temperature anomalies in the Pacific coast and the Caribbean coast

anomalies are of opposite signs.

Even when one considers only natural climate forcings, the variability at a
large range of spatial (e. g., mesoscale, synoptic, global) and time scales (e.
g., daily, intra-seasonal, interannual, decadal, multidecadal) is very high in
the region. Extreme events associated with natural phenomena such as
tropical cyclones, ENSO, cold-fronts, easterly waves and many others,
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produce severe environmental and socioeconomic impacts in a region that is
highly vulnerable to droughts and floods. It is estimated that the interannual
variability represents 84% of the total variability in precipitation, while the

decadal component amounts to 14% and the trend only 2% ( Greene et al.,

2011 ; Hidalgo-Ledn et al., 2015 ). Therefore, preparing for precipitation's

natural variability is an excellent step forward toward the adaptation for
anthropogenic climate change. However, one has to take into consideration
in this picture that observed trends in temperature have been increasing

significantly in many parts of Central America ( Hidalgo et al., 2019 ; Alfaro-

Cordoba et al., 2020 ). Even without significant precipitation changes,

increased temperatures can produce a higher demand of water from the
atmosphere, drier soils and higher aridity, which can impact, for example,
agriculture, the environment and wildfire's potentials. Research ( Alfaro-

Cordoba et al., 2020 ) has shown that aridity has been increasing

significantly at isolated spots in Central America, but the consistent
temperature trends (1970-1999) were still not sufficient to drive widespread
aridity changes during the same study period. This may have changed
during the most recent period; for this reason more research is needed in

order to verify the significance of such trends.

Observed trends in temperature extreme indices for at least the last 25
years have shown that minimum temperatures have been registering
widespread extremes toward a higher frequency of warm nights and lower
frequency of cold nights. Conversely, maximum temperatures do not exhibit
such robust trends, and depend greatly on the database used. Overall, it can

be concluded that the most robust signal is that nighttime temperatures are
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significantly increasing. For precipitation, station data (1979-2010) have
shown inconsistent trends in extreme indices, with the exception of Costa
Rica, where a group of several stations suggest an increase in the intensity

of extremely high precipitation events.

Climate and hydrological models have been used to project possible climate
changes associated with natural and anthropogenic causes in the region (

Hidalgo et al., 2013 ; Hidalgo and Alfaro, 2017 ). These models have shown

deficiencies in reproducing regional precipitation patterns, but they

reproduce quite well temperature patterns ( Hidalgo and Alfaro, 2015 ). This

is an important limitation when considering the use of these models for
management and adaptation purposes. It is recommended that the
information that is provided by the models should be used a general guide of
what will probably occur in the future, using the information that has lower
uncertainty. For example, considering the most aggressive emission scenario
most of the models suggest that the temperature in the region is going to
increase at least 2°C by mid-century and over 4°C at the end compared to
the baseline period (1970-1999), while precipitation is not going to change
much over the first half of the century and then decrease about 10% at the
end; especially in the northern part of Central America. Under these
scenarios, and considering the reasons explained before, one can think that
aridity is going to increase significantly, in particular for the northern
countries and this can have important socioeconomic impacts especially
considering that in most Central American countries agriculture is the
principal productive sector of the economy. One must consider that there is

already a north-south socioeconomic gradient in the region and climate
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change may exacerbate this contrast ( Hidalgo and Alfaro, 2012 ) which can
result in larger inequality, increased migration, higher vulnerability to

disasters and poverty.

Policy Options, Implications, and Actions

Some adaptation strategies in the world including Central America have
been based on global climate model simulations and regionalization by
dynamical or statistical methods. The resulting local future climate has been
used in other models, or directly as a guide to define mid-term and long-term
policies. Although climate models are state of the art simulations of the
climate and are an excellent guide for what may come in the future; this
approach, needs a previous evaluation if its use is convenient for the specific
location or if its limitations have been clearly stated to stakeholders and

managers ( Nissan et al., 2019 ).

The official source of climate change projections in the region is the
occasional publication of climate change reports from the meteorological and
hydrological services of the region. These reports are used by governmental
and non-governmental organizations to guide climate change adaptation
plans. Other sources of climate change projections data are produced by the
universities, which are used mainly in academic articles and reports, but
sometimes the information is also used in adaptation plans. Every 2-3
months, the Central America Climate Applications Forum (a regional
institution part of the Central American Integrated System) meets in one of
the member countries to discuss issues related to climate, in particular

applications of seasonal forecasting outlooks, but also climate variability and
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change issues are included. Each country, however, has different approaches
to define their specific policies in national adaptation strategies, usually
framed into the emergency programs and institutions. For this reason, the
forum is a valuable opportunity to strengthen collaboration between the
countries for the interchange of experiences, data and knowledge of the

different adaptation plans and studies.

In many countries the adaptation strategies are produced at a municipality
level, supported by local studies focused on the determination of risk and
possible observed and future impacts of climate in different types of
socioeconomic sectors. There is a need for a digital repository of the many
local studies that have been produced in the Central America countries, as
there are a lot of academic articles and gray literature that are unavailable
to managers. Also, it is necessary the creation of a uniform methodology for
computing climate variability and change risk assessments for all the
municipalities within a country, and the involvement of managers and
stakeholders in constructing adaptation plans at several time horizons. As it
will be mentioned later, these risk assessments should consider their
uncertainty, horizon and scale, as these issues must be translated to
managers along with the adaptation plan. There are also issues of water
governance that need to be resolved in several countries of the region, as
there are many national institutions with different interests in the resource
(e. g., ministries, municipalities, municipal councils, local water associations,
autonomous institutions, non-governmental organizations), which results in
difficulties for decision making. General climate change policies are usually

issued by the National Ministry of the Environment or equivalent institution

https://assignbuster.com/climate-variability-and-change-in-central-america-
what-does-it-mean-for-water-managers/



Climate variability and change in centra... - Paper Example Page 7

in Costa Rica, Guatemala, El Salvador, Belize and Honduras; by the National
Environment Authority in Panama, or directly by the Presidency of the
Republic in Nicaragua. However, there are also policies derived from
independent adaptation studies. In all cases, there is a need of a better
communication between the many stakeholders in order to optimize

resources and support better decisions.

An example of the general policies produced by the government in Costa
Rica can be found in the National Adaptation Policy. Such policy is contained

in the National Adaptation Plan ( Ministerio de Ambiente y Energia, 2018 ),

which identified six general types of problems associated with climate
change: (1) agriculture and fisheries, (2) water resources, (3) biodiversity, (4)
health, (5) infrastructure and (6) development of territories and tourism. In
Panama, the National Policy in Climate Change 1 has objectives in the
development of (1) institutional framework, (2) environmental management,
(3) normative scope and (4) citizen participation. In Nicaragua the policy is
centered in five principles 2 : (1) acknowledgment of traditional knowledge,
(2) ecosystem focus, (3) synergies and complementarity between mitigation
and adaptation, (4) inclusion and citizen participation, and (5) prioritizing
economy based on agriculture, fisheries and livestock. In Honduras (

Secretaria de Recursos Naturales y Ambiente, 2010 ), the policies have

seven focus areas: (1) water resources, (2) agriculture, soils and food
security, (3) forests and biodiversity, (4) coastal and marine systems, (5)
human health, (6) risk management and (7) hydropower. In Guatemala (

Ministerio de Ambiente y Recursos Naturales, 2009 ), the policies are

categorized in six themes: (1) mitigation, (2) adaptation improvement, (3)
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capacity building, (4) technologies transference, (5) risk management and
(6) vulnerability reduction. In El Salvador 3 the policies are aimed at
reversing the environment degradation and reducing climate change
vulnerability. Six specific objectives are related to (1) reversing ecosystem
degradation, (2) reversing the environment insalubrity, (3) produce a
sustainable water resources management, (4) territorial ordering, (5)
promote a culture of environmental responsibility and (6) reducing climate

risk. In Belize ( Caribbean Community Climate Change Centre, 2014 ) the

policy has eight objectives: (1) integration of mitigation and adaptation, (2)
building climate change resilience, (3) promote capacity building, (4)
capitalize on opportunities, (5) ensure that all national sectors are
adequately prepared to the impacts of climate change, (6) encourage private
and public sectors participation, (7) enhance diplomatic and negotiating
capabilities and (8) promote the development of efficient and relevant
institutional mechanisms. As can be seen, although there are some common
themes, the climate change plans for the countries also present different foci
in the way the climate change adaptation should be approached. In all cases,
however, it is evident that climate, social and land surface data are needed
in order to provide better assessments of the possible impacts and
adaptation measures. In the following section some general
recommendations will be provided for improving studies that could

potentially produce better adaptation plans.

Actionable Recommendations

Due to their climatic features, several subregions within Central America

present special challenges in terms of their management. For example, the
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area known as the Central America Dry Corridor (CADC) ( Hidalgo et al., 2019

), starting in Chiapas in southern Mexico and covering most of the Pacific
slope of Central America down to Guanacaste province in Costa Rica (also
including the Dry-Arc in Panama), is known for its higher aridity compared to
the rest of the isthmus and for being strongly correlated to ENSO and to the
strength of the trade winds from the Caribbean. Socioeconomic
vulnerabilities are common in the CADC, as subsistence agriculture is one of
the main economic activities. It is known that the delimitation of the CADC

have a large year-to-year variability ( Quesada-Hernandez et al., 2019 ).

Also, it is important to study the future expansion of the aridity associated
with warmer temperatures, as this may signal possible associated impacts in
human and environmental systems at the borders of the CADC. These are
management challenges that need to be resolved at national and regional
level, as the CADC present both common and different problems across the
countries. Immigration, poverty, lack of opportunities, population growth,
economic development and other national and transboundary issues can
become part of the vulnerabilities that along with the climate hazard
produce higher risk to extreme events. Therefore, management that takes
into consideration hydroclimatological risks should intrinsically consider

social aspects that form part of the vulnerability ( Hidalgo and Alfaro, 2012 ).

Other parts of the region have been identified for their vulnerability to
extreme wet precipitation events associated with direct and indirect impacts

of tropical cyclones ( Hidalgo et al., 2020 ). These critical areas of the

cyclones' trajectories cause the higher number of extreme precipitation

events in the Caribbean coast of northern Central America (direct impacts)

https://assignbuster.com/climate-variability-and-change-in-central-america-
what-does-it-mean-for-water-managers/



Climate variability and change in centra... - Paper Example Page 10

and in the Pacific coast of southern Central America (indirect impacts), while
the middle part (i. e., Nicaragua) is being exposed to both types of effects
depending on the location of the cyclone. Year after year extreme events are
already part of climate variability in the region and produce impacts in

diverse sectors of the isthmus ( Pérez-Briceno et al., 2016 ). Management

can benefit greatly from adopting more and more impact-based weather,
subseasonal and seasonal forecasts. ENSO-based forecasts, for example,
have not being used at their full potential, particularly because some of the
forecasts are not tied to an associated impact or risk, an application to a
certain sector has not being developed and are mainly meteorological in
nature. More transdisciplinary and interdisciplinary collaboration is needed
between the institutions that issue the forecasts and the final users. As was
previously mentioned, preparing for the impacts of this variability provides
resilience for future climate change impacts. In terms of climate change
projections, the recommendations are more elaborated and will be discussed

in the rest of this section.

Before investing a lot of resources in a sophisticated modeling effort,
stakeholders and managers have to decide first if the modeling approach is
consistent with the adaptative capacity of the location given fixed planning
horizons. One of the most important issue is to always ask for information
about the uncertainty of these estimations and weigh this in the
management decisions. A critical approach to the information provided,
regarding its suitability for the decision-making, management and

uncertainty horizons is necessary. This is especially true in a region of scarce
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resources as Central America, where optimization of adaptation strategies is

crucial.

If a modeling approach is justified, the managers should know that the
planning horizons and the modeling horizons could differ, because even as a
manager may not be interested in planning horizons of more than say, 15
years; clear climate trends may not arise until periods of at least 30 years
are analyzed, as low frequency natural climate variability may obscure these

long-term trends and the managers should be aware of them.

The message for managers is to make an informed decision on whether a
sophisticated modeling approach for long term planning is best for your
region, or whether simpler approaches are available for determining shorter
term planning. Always ask and question the uncertainty of information that is
presented to you in form of graphs, maps, time-series, etc. considering
issues such as future concentration, land use and social scenarios,
intermodel differences, methodologies uncertainties, etc. Use this modeling
information as a dynamic and constantly changing effort, as future evolves
new analysis would need to be performed as models and data become more

accurate.

Conclusions

An informed decision for the adaptation to climate variability and change
must include understanding of the uncertainty of the different options of
analyses that exist for a certain region and budgets. Also, the planning
horizons of the climate change adaptation policies influences in part the

complexity of the analysis that is needed. Spatial scales of the region of
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interest and time resolution of the data needed also should be part of the

discussions between climate scientists, managers and decision makers.
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