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Abstract

Hydrometeorological hazards have historically affected Central America and significantly impacted the isth-
mus. However, the spatial distribution of those impacts is heterogeneous and depends on several factors,
such as storm trajectories and community vulnerability. To address the spatial distribution of impacts related
with historical events, Honduras was used as a case study. This paper was aimed at identifying the municipal-
ities most impacted by the hydrometeorological events and at studying their correlation with socioeconomic
variables. Impacts recorded from 1919 to 2012 were collected from the DesInventar and EM-DAT databases.
Data was georeferenced using a Geographical Information System and the information was disaggregated at
local government scale. Spearman spatial correlation were calculated between physical variables and socio-
economic indices. The municipalities that reported more impacts included La Ceiba, Choluteca, Francisco
Morazan and Yoro. Three hazards were found and the most important regarding impacts: cold fronts or out-
breaks, tropical cyclones and easterly waves. The first type was more common during boreal winter, while the
last two hazards were normally found during boreal spring-summer-autumn. Population and poverty were
the social variables with the highest correlation with impacts. The analysis showed that spatial distribution
of impacts related with hydrometeorological causes cannot be explained solely by climate causes. Therefore,
other variables, such as socioeconomic should also be considered in analyses of these types of impact.
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Resumen

Las amenazas hidrometeorolégicas han afectado histéricamente América Central y generado muchos im-
pactos en el istmo. Sin embargo, la distribucion especial de estos impactos es heterogénea y depende de
varios factores, tales como la trayectoria de las tormentas y la vulnerabilidad de la comunidad. Para analizar
la distribucién de los impactos relacionados con eventos historicos, se us6 Honduras como un estudio de
caso. El objetivo de este estudio fue identificar las municipalidades mas impactadas por eventos hidrome-
teoroldgicos y estudiar sus correlaciones con variables socioecondémicas. Se recolectaron los impactos del
periodo 1919-2012 de las bases de datos DesInventar y EMDAT. Los datos fueron georeferenciados usando
un Sistema de Informaciéon Geografica y la informacién fue desagregada a una escala de gobierno local. Se
calcularon las correlaciones espaciales de Spearman entre las variables fisicas y los indices socioeconémicos.
Las municipalidades que reportaron mayores impactos incluyen a La Ceiba, Choluteca, Francisco Morazan
y Yoré. Se encontrd que tres amenazas fueron las mas importantes en asociacién con los impactos: frentes o
empujes frios, ciclones tropicales y ondas del este o tropicales. La ocurrencia de los primeros fue mas comin
durante el invierno boreal, mientras que la de los otros dos fue normalmente durante la primavera, verano y
otofio boreal. La poblacion y la pobreza fueron las variables sociales mas correlacionadas con los impactos. El
analisis mostré que la distribucién especial de los impactos relacionados con causas hidrometeoroldgicas no
puede ser explicada por variables climaticas. Por lo tanto, otras variables, como las de tipo socioeconémico,
deben de ser consideradas en el andlisis de este tipo de impactos.

Palabras clave: Clima, impactos, hidrometeorologia, Honduras, América Central.

Introduction

Present and future socioeconomic vulnerabilities as defined in Wilches-Chaux (1993);
Cardona et al (2012); Koks, Jongman, Husby y Botzen (2015); Mechler and Bouwer (2014);
Jongman et al (2015); are factors that can exacerbate the impacts of climate variability and change
(Hidalgo and Alfaro, 2012; Mufoz et al, 2012). Ferreira, Hamilton, and Vincent (2011) present
several examples of countries or regions around the world where present and future vulnerabilities
have exacerbated the impacts of climate variability. Central America is an economically challenged
region that is also affected by a large hydrological variability (Mufoz et al, 2012), which results
from the influence of several large-scale climatic processes and features (Alfaro and Pérez-Briceno,
2014). Those climatic processes include the subtropical high of the North Atlantic (Hidalgo, Alfaro,
and Quesada-Montano, 2017; Taylor and Alfaro, 2005), which is associated with the strength of the
easterly trade winds. Other large-scale processes that affect climate in the region at interannual
time scales are El Nifio-Southern Oscillation (ENSO), Caribbean and Atlantic climatic processes
such as the Caribbean Low-Level Jet (CLLJ) (Amador, 2008) or Tropical North Atlantic climatic
variations (TNA) (Enfield, Mestas, Mayer and Cid-Serrano, 1999), the location of the Inter-tropical
Convergence Zone (ITCZ), and other features such as the Mid-Summer Drought (MSD) (Magaiia,
Amador and Medina, 1999a). Amador, Alfaro, Lizano and Magafa (2006) present a more detailed
review of the main controls that affect the climate in Central America. These processes modulate
the occurrences of different hazards in Central America.
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A central issue with prediction and mitigation of the impacts associated with climate
variability and climate change is the difficulty of quantify the risk across different sectors. The
risk is composed of exposure to hazard and vulnerability. While exposure to hazard is estimated
with greater precision, it is more difficult to know the risk without an adequate and objective way
to establish the degree of spatial and temporal vulnerability of people to hazards. Although there
have been efforts in this direction, particularly in food security, the available reports are scattered,
have different spatial scales and are not available in a manner that helps studies on climate risk.

Traditional studies conducted to date (i.e. Retana, 2012) are based on the physical
parts of the hazard, focusing on the exposure of extreme event defined by periods when the
hydrometeorological variable exceeds a fixed threshold, leaving out the social component of risk.
However, the quantifying impacts requires more information than just what is obtained from
the natural perspective and information on population emplacement and their socio economic
characteristics also need to be taken into account. In a recent study, Pérez-Bricefio, Alfaro, Hidalgo
and Jiménez (2016) showed the same relationships between impacts and socio economic variables
for six countries of Central America: Guatemala, Honduras, El Salvador, Nicaragua, Costa Rica and
Panama. They state that municipalities with the greatest populations of each country, like the ones
containing the capital cities: Ciudad de Guatemala (Guatemala), Distrito Central (Honduras), San
Salvador (El Salvador), Managua (Nicaragua), San Jose (Costa Rica), Ciudad de Panama (Panama)
have high correlation with impact occurrences. They showed also that in this type of analysis,
needs to consider socioeconomic variables like poverty, health and Human Development Index, in
order to infer robust conclusions about impact causes (Mufoz et al, 2012; Neri and Magana, 2016).

Risk is defined as the probability of a damaging event that causes losses and harm, of
different types such as social, economic or environmental, having different degrees and affecting
several sectors. We understand risk as the intersection of three elements: hazard, exposure and
vulnerability (Kron, 2005; Intergovernmental Panel on Climate Change [IPCC], 2012 and 2014;
Neri and Magafa, 2016; United Nation Office for Disaster Risk Reduction [UNISDR], 2015).
Impact is a pre-existing risk condition that was not timely risk-reduced, and as the effect of
a disaster or its direct/indirect consequences (Narvaez, Lavell and Pérez, 2009). On the other
hand, hazard is the probability of occurrence of a physical event that can cause any type of
damage to society (Neri and Magafia, 2016).

In this paper, the impacts generated by hydrometeorological hazards are quantified
and spatially defined at a local governmental scale and are associated with socioeconomic
conditions, using Honduras as a case study. The regional work of Pérez-Bricefio et al. (2016) gives
a broad perspective of the region. Honduras is a very much exposed to a hydrometeorological
hazards because of its geographical position as well as having low development rank (129"
position according to its Human Development Index in 2014) that was affected by hurricane
Mitch in 1998, causing long term effects in the region’s economy. Moreover, the resilience
(Hidalgo and Alfaro, 2012) of a region that has been hit by an event such as a hurricane can
be even lower for many years after the event. However, Honduras has been affected by several
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other hydrometeorological events. This is the case because a mountain chain crosses the country
from Northwest to Southeast approximately (covering about 63% of its territory), causing two slopes,
Caribbean and Pacific, generating a marked climate variability associated to this complex topography
(Figure Al and Westerberg et al, 2010). During the boreal winter, most of the country’s precipitation is
observed at the Caribbean slope, related to forced mechanic elevation of humid, warm trade winds and
the pass of cold outbreaks from November to April. From May to October, precipitation increases in
the Pacific slope, dominated mainly by the formation of mesoscale systems (Alfaro and Pérez-Bricefio,
2014; Instituto Hondurefo de Ciencias de la Tierra [IHCIT], 2012; Taylor and Alfaro, 2005). Annual
precipitation accumulation is greater near the two coasts, with more than 2000 mm, while 1500 mm of
precipitation is normally observed in the interior. Average temperatures range from 31°C near the coasts
to about 18°C in the hills. In general, the Caribbean slope shows higher relative humidity and lower
net radiation than the Pacific slope (IHCIT, 2012). Rainy season tends to start by late May and finish
by the end of October and the annual cycle is mainly bimodal. The first peak is observed in June and
the second one, greater than the first one, in September. These two peaks are separated by a reduction
of rains knows as MSD (Magafia et al, 1999a). Therefore, the MSD is characterized by a relative
minimum normally observed from middle July to middle August (Taylor and Alfaro, 2005). Winter
cold fronts or cold outbreaks, Atlantic basin tropical cyclones and easterly waves are among the main
hydrometeorological hazards that impact Honduras (Alfaro and Quesada, 2010; IHCIT, 2012; Zarate-
Hernandez, 2013). These two last hazards are more common during boreal summer and autumn.

Our goal in this work is to identify the municipalities that are more impacted by
hydrometeorological events and study their correlations with socioeconomic variables. This is
important because the frequency of these occurrences can increase in the future according to
the IPCC, as a result of Climate Change (IPCC, 2012; 2014). In addition, there were no previous
study regarding the spatial distribution of impacts associated with hydrometeorological events
in Central America, focusing in Honduras; therefore, this study can provide a relationship
between that impacts spatial distribution and the distribution of the social indices, at municipal
scale. In addition, the study provides valuable information for disaster prevention and climate
change planning. As in the case of he short and medium range forecast, the information about
Climate Change projections can be used in conjunction with the impact maps to plan for
infrastructure improvements, as well as emergency preparedness and management programs,
including strategies for mitigation and adaptation.

Identifying the climatic processes that produce more impacts and finding which local
governments are more impacted by them, help to plan and allocate human and economic
resources to prevent disasters, identifying the impacts spatial distribution associated with the
hydrometeorological hazards, and link them with different climatic processes (Munoz et al, 2012).
For example, when the NOAA National Hurricane Center provide the trajectory forecast for a
cyclone in the Caribbean basin, the Honduras institution that deals with emergency attention
can identify if this system can affect Honduras and which are the expected local governments
that can be impacted. These municipalities can be attended with some time in advance.
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1. Data and Methods

Records of impacts from two databases from 1919 to 2012 were used in the analysis. Those
databases include DesInventar (Velasquez and Rosales, 1999; data available at http:/www.
desinventar.org/es/) an instrument that stores homogeneously material on all types of disasters,
including volcanic, hydrometeorological, seismic, biological, anthropogenic and chemical;
accompanied by a query module, geographical representation, statistical analysis and graphing
of variables available in a database (Velasquez and Rosales, 1999) and Emergency Events
Database (EMDAT; data available at http://www.emdat.be/ ), a systematic database on impacts
of disasters on vulnerable populations that provides valuable information to governments and
agencies in charge of relief and recovery activities (CRED, 2009). The first database includes also
press bulletins. This is important to know because the report of impacts depends on technology
on the time of the event and also on the access to some places. These databases do not include
details of the intensity of the events reported, only on occurrences and types of damages caused.

DesInventar is a regional disaster database with systematic information about daily disasters
of small and medium impact. It was developed by Red de Estudios Sociales en Prevencion de
Desastres en América Latina (La RED) based on pre-existing data, such as newspaper sources
and institutional reports in nine countries in Latin America. Desinventar, which was developed
to enable the visualization of disasters from a location scale (town or equivalent) facilitates the
dialogue between institutions, sectors, provincial and national governments regarding risk
management (Velasquez and Rosales, 1999; DesInventar, 2013).

EMDAT provides an objective basis for vulnerability assessment and rational decision-
making in disaster situations. This database is a systematic collection that also provides analysis
regarding the impacts of disasters on vulnerable population. These data provide valuable
information to governments and agencies in charge of relief and recovery activities. The Center
for Research on the Epidemiology of Disasters (CRED), maintains EMDAT database and has a
long history of standardized data compilation, validation and analysis. It provides data on the
human impact of disasters, such as the number of people killed, injured or affected, disaster-
related economic damage estimates and disaster-specific international aid contributions (CRED,
2009). We also collected press reports for August 2010 from Honduran media, to show their use
in complementing the information, based on DesInventar and EMDAT databases.

Each record available for each database includes: initial and final date of the event country,
department, local government (known locally as municipality), type of specific event (i.e. rain,
storm, strong wind, low temperatures, drought, thunderstorms); cause or hazards associated when
is available (i.e. tropical storm, easterly wave, cold front, El Nifio-Southern Oscillation or ENSO
phases); type of general event (i.e. low pressure system, tropical depression, tropical storm, tropical
cyclone, cold outbreaks), name of tropical cyclones with at least the category of tropical storm; list
of impacts (i.e. other damages associated with floods, other damages associated with landslides,
problems for sailing and flying transportation, fallen trees, wounded or sick people, damages to
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road infrastructure, damages in housing, damages to agricultural and livestock sector, damages
to sewerage, damages to electric system, damages to water system and others damages with low
frequency of occurrence individually). Reports on the source and event ID are also included in the
unified database. Total entries used were 24394 corresponding to 3632 events.

The occurrence of hydrometeorological hazards with geological (e.g. igneous, sedimentary,
metamorphic rocks), topography (e.g. slope) and geomorphology (landforms, drainage patterns
and dynamics) variables is out of the scope of this work, but part of this information can found
in IHCIT (2012).

Reports from both databases were cross checked to avoid double counting of events.
Impacts related to hydrometeorological events were indicated using a system of presence (1) or
absence (0), and were later homogenized to integrate records of both databases, then classified
according to impact type and grouped by local government, creating a new unified database for
mapping the results in a Geographic Information System (GIS) software.

GIS enables us to systematize data at a municipality level in terms of the spatial scale,
represent the value of the (sum of) impacts to be correlated with socioeconomic indexes, map it
with a chart map of real magnitudes and analyze it according to its geographical distribution.

The non-parametric Spearman correlation coefficient to test the association between the
value of the impacts and socio economic indices, i.e. Human Development Index (HDI), poverty,
extreme poverty, education level, Gini Coefficient and population size, all collected at the local
government scale as the hydrometeorological impacts (Flores et al, 2009 and IHMC, n.d.).Socio
economic indices are described in Appendix B.

2. Results

The annual occurrences of impacts linked to hydrometeorological hazards shows that the
years with the highest frequency of reported impacts were 2005- 2009 (Figure 1). The occurrence of
impacts from 1919 to 2012 was more frequent in the northern, central and southern of the country
(Figure 2). Results show that units reporting more impacts are Distrito Central in Francisco Morazan
Department and San Pedro Sula in Cortés the Department, wich are the political and financial
capitals, respectively. These also correspond to the more populated cities according to IHMC (n.d.)
(see Figure. 3). Most of the impacts listed correspond to nonspecific damages associated with floods,
specific damages to road infraestructure and specific damages in housing. Note that although
tlooding can cause damages to infrastructure and housing, the database does not duplicate counting
in those cases. The apparent trend in the impacts shown in Figure 1 could respond to a mix of
different sources like social vulnerability increases, related to population growth and technological
advances. For example in the past (around 1950%s), places far from the main city could not had
reported impacts by the absence of a source of communication, now days cell phones, internet, social
networks and phone emergency numbers like 9-1-1, allow prompt disaster reporting.
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Figure 1. Five year occurrences of hydrometeorological reported impacts in Honduras from 1919 to
2012. Note: DesInventar and EMDAT data bases.

The seasonal distribution of the hydrometeorological hazards is presented in Figure 3.
Most of the impacts were concentrated in May and October (also in Pérez-Bricefio et al, 2016).
Conversely, most of the impacts that occurred from December to April were associated with
cold fronts (also known as cold outbreaks), while those from May to November were related
to tropical cyclones and easterly waves (North-South oriented low pressure regions, moving
westerly across the tropical Atlantic and the Caribbean, with atmospheric instability and
thunderstorms associated (Alfaro and Pérez-Briceno, 2014; Serra et al, 2010).

There was a strong association between values of impacts and socio economic indixes,
including population size, poverty, extreme poverty, HDI, Gini coefficient, and Educational
Level (Spearman correlation coefficients: 0.49, 0.48, 0.46, 0.45, 0.38, and 0.37, respectively,
p<0.01). Those indixes have significant correlations among them, but different social indixes
are related with different social aspects and dimensions (Mufoz et al, 2012). The strongest
correlation found was total population size since the higher the population size, the higher
population exposition to the different hazards. Correlations between values of impacts and male
and female populations are very similar to total population (Spearman correlation coefficients:
0.46 and 0.48, respectively, p<0.01). Correlations between occurrences of impacts and poverty
and extreme poverty are the second and third highest, respectively. Notice that areas with higher
HDI and Educational Level, usually in urban centers, are also areas with more population
extreme poverty, in other words, those are regions with higher social disparities. This could
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explain the positive correlations found between the impacts and the Gini coefficient. According
to IHCIT (2012), all the first ten local governments (Figure A2; Appendix C) with more impacts
listed, show high vulnerability (Wilches-Chaux, 1993; Mufioz et al, 2012). As an example of
our methodology, when damages associated with floods are correlated separately, the highest
correlations are with Poverty and total Population (Spearman correlation coefficients: 0.54
and 0.53, respectively, p<0.01). With droughts, the corresponding correlations are 0.05 (non-
significant) and 0.55 (p<0.01).

23-36  54-72 @ 102-171
37-53 73-101 @ 172-520

mam-ﬂom -ﬂ‘l Ht-
Projection and datum; WGSSS

Digital Cantography: -
Geog. Paula M, Péres i
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Figure 2. Occurrences of reported impacts due to different hydrometeorological hazards from 1919 to 2012.
Note: DesInventar and EMDAT data bases
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Figure 3. Seasonal distribution in the occurrences of reported impacts because of different hydrometeorological
hazards, from 1919 to 2012.
Note: IHMC (n.d.)

3. Discussion and Conclusions

Results (Figure 1) support the findings of other studies documenting a record-breaking
Atlantic hurricane season in 2005, which caused devastating losses across the region from July
to November (Grover-Kopec, 2006). In that year, most damage in the Caribbean and Central
America came from Hurricanes Dennis, Emily, Stan and Beta, and Tropical Storm Gamma,
and Honduras one of the most affected countries, along with Guatemala and Nicaragua.
According to Amador, Alfaro, Hidalgo and Calder6n (2011), 2010 was very active for tropical
storms in the Caribbean basin. By July 2010, La Nifa had developed and winds associated with
the CLLJ were much weaker than normal, an attribute of ENSO cold events in the region and a
condition favorable for tropical cyclone development, in addition, persistent warm Sea Surface
Temperature (SST) anomalies observed in the Caribbean and the tropical North Atlantic. In
this particular year, there were 13 storms in the Caribbean, seven hurricanes, three of wich were
major hurricanes (greater than category 3). In this same year, five additional tropical cyclones
reached positions close to the Caribbean Central American coast. Important impacts were
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related to Tropical Cyclone Nicole and Hurricane Thomas (see Amador, 2011). Cold outbreaks
above the average during 2005-2006, 2007-2008, 2008-2009, 2009-2010 and 2010-2011 were also
reported (Zarate-Hernandez, 2013). The year 2008 was very active for tropical storms (Amador,
Alfaro, Rivera and Calderdn, 2009). Out of the 16 storms observed in the Atlantic 10 entered
the Caribbean basin, four of which were very strong, causing significant economic and social
damage. The identification of hydrometeorological hazards by previous research projects are
consistent with the peaks in the impacts reports used in our analysis.

The spatial distribution of areas with highest occurrence of impacts correspond to
susceptible areas identified in other studies. Those areas include La Ceiba, Choluteca, Francisco
Morazan and Yoro (Figure 2). La Ceiba belongs to Atlantida Department which, according to
[HCIT (2012), is the second most prone area to floods (30.2 %). Choluteca, that cover the local
governments of San Antonio de Flores and Choluteca, the fourth (23.2 %) of 18 Honduras
Departments. Francisco Morazan and Choluteca are also the fourth and fifth Departments with
more area vulnerable to landslides, 19.9 % and 17.7 %, respectively (IHCIT, 2012). In a recent
work, Garcia-Urquia and Axelsson (2015) studied the rainfall thresholds for the occurrence
of urban landslides in Tegucigalpa, Honduras. Departments of Cortés, Francisco Morazan,
Choluteca and Yoro, the latter containing the El Progreso local government, are among the top
10 Departments most susceptible to drought, with 39.0, 30.2, 27.4 and 17.36% of their areas,
respectively (IHCIT, 2012). The analysis conducted by Westerberg et al, (2010) for Choluteca
River basin in central Honduras, encompassing Tegucigalpa, Honduras’ capital, demonstrated
the high spatial and temporal variability caused by the diverse precipitation, which generates
mechanisms and the complex topography. The municipalities/areas that show more frequent
impacts are Distrito Central, San Pedro Sula, El Progreso, La Ceiba, Puerto Cortés, Potrerillos,
La Lima, Choloma, San Antonio de Flores y Choluteca (Figure A2).

From November to April, most of the impacts showed in Figure 3, correspond to cold
outbreaks and boreal winter “temporales”. A temporal is “a condition of several days of cloudy
skies, with at least 24 hours of persistent rains of variable intensity, with outbreaks of rain at any
time of the day” (Fallas and Oviedo, 2003). The main impacts associated to these systems are
floods and strong winds in the regions affected. As Alfaro and Cortés (2012) summarized, the
intrusion of cold fronts in the Caribbean Sea, specifically their arrival to the Gulf of Honduras
is one of the conditions that originates the Caribbean temporales in Central America. Whenever
such rainy conditions associated with temporales are present in Central America’s Caribbean
watershed, the Pacific coast usually remains drier, windier and warmer (Alvarado, 2001). Alfaro
and Cortés (2012) add that the concept described recently by Zarate-Hernandez (2013) of cold
outbreaks includes a synoptic configuration wherever they are present, be it a cold front or a shear
line, followed by an advection of cold air, whose main characteristic is a migratory anticyclone in
the lower troposphere. Cold fronts, and the accompanying north winds, arrive most frequently
to Central America between December and March (Brenes et al, 2003; Gonzalez, 1999), generally
reaching their maximum number of occurrences in January (Zarate-Hernandez, 2013). For
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example, in Costa Rica December and January are the months with more impacts reported,
particularly at the Caribbean slope (Retana, 2012; Alfaro and Pérez-Bricefio, 2014). These cold
winds are locally known as “nortes” (Magafa, Pérez, Vazquez, Carrisoza and Pérez, 1999b).

There are two main hazards, tropical cyclones and easterly waves, associated with most of the
impacts from May to October (Figure 3). The main impacts associated to these events are floods.
Alvarado and Alfaro (2003) showed that the probability of a tropical cyclone landing in Honduras
during hurricane season is approximately 40%. According to Alfaro and Quesada (2010), occurrences
in Central America are found from May to December, in addition, the occurrence of tropical
cyclones near Central America and the Caribbean basin is more likely (approximately 70%) during
the August-September-October (ASO) season (Taylor and Alfaro, 2005; Retana, 2012; Alfaro and
Pérez-Briceno, 2014). Alfaro and Quesada (2010) also reported a second peak in the positions of these
systems near the isthmus in June followed by a relative minimum in July. This spatial distribution
occurrence agrees with the annual impacts maps of these systems showed by Alfaro and Pérez-
Bricefio (2014) for Costa Rica over the Pacific slope mainly (Retana, 2012). There are two kinds of
effects over Central America linked to the pass of these systems through the Caribbean Sea (Pefia
and Douglas, 2002). The first one is catalogued as “direct”, normally associated with landings and
allocated in the Caribbean slope and the second kind is “indirect”, related to the circulation induced
from the Pacific Ocean to the Caribbean Sea by low-pressure systems. These effects are normally
allocated in the Pacific slope and are locally referred to as Pacific temporales. In the database both
types of effects are linked to the occurrence of tropical storms.

According to IHCIT (2012), easterly waves effects are found in Honduras mainly from June
to November, linked to precipitation extreme events, which was also found in this study (Figure
3). Serra et al (2010) add that easterly waves interacts with the Inter-Tropical Convergence Zone
(ITCZ) in the North Hemisphere in the Pacific and the Atlantic oceans, during boreal summer
and autumn. These interactions generate direct and indirect effects (see description above), also
associated with atmosphere instability, a very active convective nucleus and strong precipitation
events, over almost the whole country, but particularly over the east, central, west and south
regions of Honduras (IHCIT, 2012), and related to severe damage in the more vulnerable
locations, including the ones identified in this study. According to Serra et al. (2010), these waves
could be the trigger of tropical cyclones, which explains why their seasonal distribution is very
similar. This agrees with the impacts distribution found by Retana (2012) and Alfaro and Pérez-
Bricefio (2014) for Costa Rica. . In our study we noted that easterly waves impacts have more
evenly spatial distribution throughout the country.

The use of several databases with historical information improves the analysis of the distribution
of spatial impacts (Alfaro and Pérez-Bricefio, 2014; Amador and Alfaro, 2014, Pérez-Bricefio et al,
2016). The foregoing is because some of the events may not be important at a broader scale but are
relevant locally-and can be considered in the analysis if different databases are used. For example, in
October 2008 tropical depression No. 16 caused severe damage for the populations along the Costa
Rican Pacific slope (Chinchilla, 2008), including the municipalities of Liberia, Nicoya, Santa Cruz,
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Bagaces, Carrillo, Cafas, Abangares, Tilardan, Nandayure, Hojancha, Puntarenas and Parrita. This
cyclone is not found normally in specific hurricane database like Hurricane Database (HURDAT)
from the National Oceanic and Atmospheric Administration (NOA A) because it is not a named storm.
Another example is the low-pressure system off the Costa Rican Pacific coast in May 2010 (Alfaro and
Quesada, 2010; Chinchilla, Quirds and Stolz, 2010; Alfaro and Pérez-Bricefio, 2014). Although it was
the tropical storm Agatha only May 29" to the 30™, the main impacts were reported over Costa Rica
when the system was still in a low pressure from May 22 to the 28". The third example is presented
in Figure A3, which shows the variety of spatial occurrences of hydrometeorological impacts on
August 2010, based on press reports and aggregated by Department. Results in Figure A3 could be
explained according to Maldonado, Alfaro, Fallas and Alvarado (2013). These authors showed that
2010’s boreal autumn’s probability of extreme events along Central America was forecasted mainly
as above normal. Enfield and Alfaro (1999) explained that a dipole configuration of the oceans
surrounded the isthmus in which the Caribbean Sea was warmer than Equatorial Eastern Pacific,
results in high precipitation in Central America, produced by a reduction in the strength of the
trade winds. One of the most important factor that enhances the impacts of flooding is precisely
the presence of large exposed population, with small resilience to extreme wet events. For example,
Figure A3 shows the largest impacts in Francisco Morazan and Cortés Departments, the first and
the second most populated ones. Those Departments are also the areas that allocates an important
part of the population living in poverty, a factor that can increase the population exposition to climate
hazards. The identification of these areas can help local governments in planning for adaptation
strategies to climate variability impacts.

Having an accurate description of temporal and spatial precipitation variability in Central
America is important for local farming, water supply and flood management, but data quality
problems and lack of consistent precipitation data could impede hydrometeorological reporting
(Westerberg et al, 2010). The use of press reports was a valuable tool in terms of impacts forecast
validation and complemented the information presented in other data bases like DesInventar or
EMDAT (Pérez-Bricefio et al, 2016). In addition, as described by Zebiak et al (2014), press news
could help in the critical role of institutions working at the border between science and society
and in the use of seasonal forecast during ENSO warm or cold events. In a long-term iterative
process requiring continual maintenance, these organizations serve to enhance the salience,
credibility, and legitimacy of forecasts and related climate services.

The spatial analysis of impacts distribution and its relationship with socioeconomic
variables is an important input for the application of effective policies aimed to reduce impacts.
This analysis allows for the possibility of identifying which indicators are the most important
in determining the occurrence of impacts and which places have to be prioritized in the
implementation of new strategies for disaster prevention (Pérez-Bricefio et al, 2016). For example,
in a study conducted between 1985 and 2008 in 108 countries, Ferreira, Hamilton and Vincent
(2011) found that in developing countries, income is negatively correlated with the frequency of
floods and the highest correlation with droughts is with total Population.
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The methodology used in this study can be applied to the other Central American countries
(Pérez-Bricefio et al, 2016) or-other regions (Mufoz et al, 2012); however, two main precautions
should be taken in account to compare results among them. The first aspect is that records in
disaster databases have different time lengths for each country. Secondly, there is no guarantee
that institutions in charge of feeding those data bases use the same methodology and criteria
in generating the records. Therefore, standardization process of results should be implemented
for each individual country. The presentation of results in terms of relative frequencies can be
an alternative to address this point. An additional precaution would be that events with similar
magnitude may not be included in the record of different countries as disaster declaration may
vary across countries. Since disaster databases are fed at national level, standardization are not
generally necessary for studies comparing regions from the same country, unless the information
given in the databases mention or identify explicit bias for a particular region.

Guinea-Barrientos, Swain, Wallin and Nyberg (2015) showed that rainfall-induced
natural disasters rank first among all natural disasters in Central America. Due to the
geographical conditions of the Central American region, it is common that two or more
countries are struck by the same rainfall event. One example of this is the 1998 Hurricane
Mitch, which affected the entire Central American region, killing more than 18 000 people.
As a consequence, Central American countries have started to promote regional policies
and programs that aim for better preparation and response to these events, including
disaster management cooperation. This study helps to identify the regions that present high
occurrences of impacts associated with different hydrometeorological hazards at municipal
scale. As an example for disaster prevention, if the information of a hurricane trajectory is
provided to the emergency attention institution in Honduras, they can allocate more human
and economic resources to the local governments that are in the trajectory of impacts but
also in those which have presented more impacts in the past for this particular hazard
type, according to the impacts map. Consequently, this study could be used regionally to
identify the forums that could be activated when the isthmus experience the impact from
a specific hydrometeorological hazard (Mufoz et al, 2012). According to Garcia-Solera and
Ramirez (2012), the Central American Climate Outlook Forum (CA-COF) is an actual forum
that draws on the capacity of seven weather services in the region to issue three seasonal
outlooks per year. This Forum is organized by the Regional Water Resources Committee-
Central American Integration System (CRRH-SICA in Spanish), and is responsible for the
coordination of activities related to weather forecasts, climate, water resources, and climate
change assessment in Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and
Panama. CA-COF aims to analyze effects, impacts, and climatic variability projections in
sectors including agriculture, water, fisheries, health and nutrition, risk management and
energy, and to produce disaster prevention and mitigation strategy, according to the climate
forecasts proposed at the end of each forum. CRRH-SICA turns Seasonal Climate Outlooks
into risk scenarios used by food-related sectors to support their decisions and minimize food
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insecurity. This is accomplished as a coordinated effort carried out by specialized entities of
the Central American Integration System. Information from the analysis presented here, can
be used as an input to inform CA-COF by sharing the results of this research, regarding the
possible vulnerable areas that could be impacted by hazards associated with different Seasonal
Climate Outlooks.

In addition, the results of this study could be used in conjunction with the precipitation
and temperature changes obtained from 21st-century climate change projections from Global
Circulation Models (GCMs) (Hidalgo and Alfaro, 2015) along with changes in socioeconomic
indicators from local governments to address the future exposition and vulnerability in order
to determine the relative influence of climatic and socio-economic variables for different
21st-century projections (Hidalgo and Alfaro, 2012). Hidalgo and Alfaro (2012) generated
three-dimensional Climate Change scenarios. These scenarios included two physical variables
(precipitation and temperature was always used), and one social parameter at the time,
(i.e. expected population, poverty, Human Dimension Index). These scenarios showed the
relative weight of these variables for some selected 21st century time-slices. Notice that
this methodology could be adapted to include the impacts spatial distribution (actual and
future). Another use of the analysis conducted here is to compare the relative situation of
each of the countries of Central America, considering climate and socio-economic variables
over present and future scenarios (historical, mid-century, and end-of-21st-century), using
multidimensional composite maps. Furthermore, as this information is in fine resolution,
it is useful for the adaptation of smallholder farmers to climate change in Central America
(Hidalgo and Alfaro, 2012). This information could be translated to future impacts by the
national and local management institutions dealing with climate change mitigation and
adaptation, to plan different strategies for different smallholder farmers and other livelihood
groups (Mufioz et al, 2012). Those fine resolution datasets are particularly important for
Central America because they allow the conception of climate variability and climate change
studies and their impacts in a region of high climatic heterogeneity and, at the same time, help
in the decision-making process at the regional scale (municipalities and districts). In this way,
national or regional authorities can have more specific information, useful for the adaptation
measurements of smallholder farmer.

Hidalgo and Alfaro (2012) found that current north-south socio-economic contrast
between the countries is not likely to diminish in the future (southern countries that is
Panama and Costa Rica present better living conditions than the rest of the Central American
countries, including Honduras);for some projected future conditions, this contrast will be
exacerbated by future socio-economic and climate change impact projections. Moreover,
Panama and Costa Rica are the only countries that may have improved living conditions
at the end of the century when considering increases in gross domestic product (GDP) and
the effects of climate change. It is worrisome that the north-south differences in the living
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standards will keep growing in the region. Attention should be paid given to socio-economic
and physical aspects that may play a role in increasing these differences. The inclusion of
social aspects is particularly important because runoff climate change projections for the 21st
century showed significant reductions in precipitation (as much as 5-10%) and runoff (as
much as 10-30%) in northern Central America including Honduras (Hidalgo, Amador, Alfaro
and Quesada, 2013). Therefore, the prevalence of severe drought may increase in this sub-
region-in the future under an A1B emissions scenario. Similarly, during 2050-2099 northern
Central America could warm as much as 3°C while southern Central America’s temperature
could increase as much as 4°C. The projected dry pattern over Central America is consistent
with a southward displacement of the Inter-tropical Convergence Zone (ITCZ). This is also in
agreement with the drier conditions presented by IHCIT (2012), for 2025 and 2050 using A2
and B2 scenarios and by Taylor et al (2007) using the same socioeconomic 2080 projections
elaborated with the PRECIS regional model. The results of this study can help-identifying
regions typically affected by different climate hazards. This information, in conjunction with
climate change scenarios, could be used by countries in Central America, especially those in
the North, allocating their resources for planning adaptation and mitigation strategies and
activities in specific regions. The countries that belong to SICA signed the regional strategy
for climate change. These countries can use this information as one of the inputs to coordinate
in the regional scale, their activities of adaptation and mitigation. Member countries of SICA
signed the regional strategy for climate change and can use this information to coordinate
their activities of adaptation and mitigation at a regional scale. Different forums, such as those
hosted by the CRRH-SICA (Garcia-Solera and Ramirez, 2012) could be used for discussing
several aspects in relation to the expected hazards and their impacts” spatial distribution
(Mufioz et al, 2012). This is an aggregate value to plan activities related to future water
management and impacts in different socioeconomic sectors.
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Appendix A.

Honduras Map

Figure Al International Boundaries, Departments, relief and Caribbean-Pacific slope division of Honduras

Appendix B.
Definitions of socio economic indexes used

Human Development Index (HDI): A tool developed by the United Nations to measure and
rank countries’ levels of social and economic development based on four criteria: Life expectancy at
birth, mean years of schooling, expected years of schooling and gross national income per capita.

Poverty: Establish the ability that people can provide food and other basic needs, through
the purchase of goods and services based on the household income.
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Extreme poverty: a condition characterized by severe deprivation of basic human
needs, including food, safe drinking water, sanitation facilities, health, shelter, education and
information. It depends not only on income but also on access to services (United Nations, 1995)

Hliteracy rate: Population over 15 (percentage) who cannot write and read a text of little difficulty.

Gini Coefficient: Measures inequality in income distribution.

Appendix C.
The top 10 local governments (municipalities) with more impacts listed
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Figure A2. Top 10 local governments (municipalities) with more impacts listed.
Note: IHCIT (2012),
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Appendix D.

Spatial occurrences of impacts because of different hydrometeorological hazards for August 2010

Figure A3. Spatial occurrences of impacts due to different hydrometeorological hazards during August 2010, based
on press information and classified by Department as a political unit.
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