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EXECUTIVE SUMMARY 

OBJECTIVES OF THE AS SESSMENT 

The United States Agency for International Development (USAID)/Honduras requested that the African 

and Latin American Resilience to Climate Change (ARCC) Program conduct a climate change 

vulnerability assessment for the southern region of Honduras. The objectives of the assessment were to: 

¶ Assess the vulnerability of people and ecosystems in Southern Honduras to the possible effects of 

climate change. 

¶ Identify actions that could increase resilience and decrease vulnerability in order to provide options 

for USAID/Honduras programming of Biodiversity and Climate Change Adaptation funds. 

¶ Identify climate-resilient livelihood and employment opportunities that could help reduce poverty.  

USAID expects this vulnerability assessment to inform programming that will use two targeted sources 

of funding ð one for climate change adaptation and one for biodiversity conservation.  

CONCEPTUAL FRAMEWORK  

The vulnerability assessment team applied a conceptual framework that assesses the impact of climate 

change on ecosystems in Southern Honduras and how these impacts, in turn, affect the socioeconomic 

well-being of people whose livelihoods depend on these ecosystems. Climate change vulnerability is 

defined as a function of exposure, sensitivity, and adaptive capacity in line with the Intergovernmental 

Panel on Climate Changeõs (IPCC) definition of vulnerability, which has also been adopted by USAID. In 

this report, the research team provides an evidence-based qualitative assessment of vulnerability and its 

components.  

ASSESSMENT METHODS  

The assessment team consisted of four U.S. and five Honduran specialists. The team conducted an 

extensive literature review and travelled to Honduras on a scoping mission to talk with 

USAID/Honduras and key stakeholders at the national level and in the southern region. Following the 

scoping mission, a climate analysis was conducted. This analysis combined findings from recent climate 

science literature, including new IPCC predictions for the Central American Isthmus region and an in-

depth analysis of original climatological records spanning the years 1951ð2013, obtained from Honduran 

government agencies. During the field assessment phase, the team made site visits and held focus group 

discussions with representatives of 14 communities and with seven mayors and their staff (see Annex E). 

Two workshops with key stakeholders were organized: one for those from the upper watersheds, and 

one for those from the coastal-marine zone. The team met with more than 200 individuals from 

municipalities, communities, government agencies, donors, and the private commercial sector. Following 

the field assessment, individual specialists on the assessment team prepared written reports on their 

topic of focus and then met to integrate those findings. This assessment report presents this synthesis of 

findings and recommendations for climate change adaptation action. 
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The assessment approach included various methods, some of them innovative: 

¶ A conceptual framework that treats ecosystems and socioeconomic systems as a single unified 

system in order to assess their linked vulnerabilities and resilience; 

¶ Averaging of daily rather than monthly temperature and precipitation data to give a more detailed 

picture of current climate and trends;  

¶ Use of the permanent land cover ratio as an indicator of the vulnerability of ecosystem benefits to 

climate change;  

¶ An eco-hydrological assessment of key ecosystem services in the region;  

¶ Use of pie diagrams of land cover/use as an integrated, visual summary of the ecology and economy 

in communities representative of different livelihood profiles and locations along major watersheds; 

and 

¶ Development of a composite indicator of eco-social resilience. 

CLIMATE ANALYSIS RES ULTS  

After a rapid multi-decade increase in temperatures that peaked in 1998, temperatures in Southern 

Honduras have been nearly stable for 15 years ð but at levels warmer than they have been for at least 

hundreds of years. The El Niño-Southern Oscillation (ENSO) exerts a strong control on temperatures 

in Southern Honduras at annual and decadal time frames. Models predict increased temperatures of 

around +2 °C by 2050 due to greenhouse gas forcing.  

Precipitation measurements from rain gauges, now validated by satellite observations, show a trend of 

increasing rainfall over several decades. Multi-model consensus predictions in the current IPCC 

Assessment Report show a 10ð20 percent decrease in precipitation in Southern Honduras by 2050. 

Because rainfall trends currently show strong and sustained multi-decadal increases in the wet season, 

the potential for a relatively sudden reversal of the current wet trend to a drier one may catch people 

by surprise. The potential for a shift to drier conditions makes it more urgent to take advantage of the 

current wetter-than-average climate to carry out adaptive actions such as reforestation of watersheds.  

When taken with the model consensus of close to two degrees of warming for the same time period, 

climate models suggest that by mid-century, Southern Honduras may be a òhotspotó of magnified climate 

change stress as compared to other areas of Central America and Mexico. There is the potential for a 

relatively sudden sea-level rise with the next shift to the ENSO òwarmó (El Niño) mode. 

POTENTIAL EFFECTS ON  ECOSYSTEMS 

The IPCC projections for Southern Honduras suggest a warming and drying of the climate by 2050 that 

would cause almost 50 percent of the current ecological òclimate envelopeó to be lost, removing 

habitats currently occupied by certain types of ecosystems and creating other climate combinations that 

have no equivalents in the current climate. This surprising result suggests that a major ecological shift 

may occur in the region. Such a shift would decrease the area of cooler and wetter upland forest 

ecosystems, leading to decreased ability of the affected watersheds to retain water, retard runoff, and 

recharge the upland infiltration zone. Therefore, this predicted eco-climatic shift has the potential to 

degrade significantly a critical ecosystem service to the region ð stable flows of clean water from the 

forested areas of upland watersheds.  
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Key subsistence crops would experience greater climate stress in a warmer, drier climate, perhaps 

leading to pressure to cultivate them at higher altitudes where the climate is cooler and wetter. This 

shift could put additional pressure on forest ecosystems in upper watersheds, lead to even more 

cultivation on steep slopes, and increase the vulnerability of eco-hydrological services from those 

watersheds. 

VULNERABILITY OF ECO SYSTEM BENEFITS TO C LIMATE CHANGE  

The natural features of the watersheds of Southern Honduras make them very vulnerable hydrologically, 

and climate change will only add more uncertainty and exacerbate the problems in those already 

vulnerable watersheds. The ratio of permanent land cover in a watershed ñ essentially a measure of the 

extent to which natural ecosystems have been conserved ñ is an indicator of its eco-hydrological 

vulnerability. Permanent types of vegetation, especially forests, are more effective in allowing water 

infiltration than crop lands or pastures, and therefore more effective in regulating streamflow quantity 

and quality over time. In forested watersheds, only a fraction of the total streamflow comes from direct 

runoff ð most comes from infiltrated groundwater. Most watersheds in Southern Honduras have a 

permanent land cover ratio of less than 50 percent, and eco-hydrological processes in these watersheds 

already have been seriously altered, especially the ratio of baseflow to direct runoff.  

The eco-hydrology of the coastal zone is also affected by the ratio of permanent land cover. The coastal 

zone, including the coastal plain and mangrove zone, depend upon groundwater flows from upland 

watersheds to push saltwater down and back, maintaining a water table of freshwater that reaches to 

the inland edge of the mangrove zone. The eco-hydrology of the mangroves and coastal zone in 

Southern Honduras is extremely complex and has been studied very little; however, mangrove 

ecosystems themselves function in ways that affect the hydrology of the coastal zone. Predicted climate 

changes could have a negative effect on at least some of the hydrological factors important to the 

commercial shrimp industry, such as the quantity and quality of water flowing into the estuaries from 

upper watersheds during the wet season. 

The eco-hydrology of Southern Honduras links upper watersheds to the coastal and marine zone; 

therefore, an ecosystem-based approach to climate change adaptation is needed in the south of 

Honduras. Food and livelihood security cannot be achieved without taking an ecosystem-based 

approach.  

Because the 11 protected areas of Southern Honduras conserve significant, critical areas of natural 

vegetation (i.e., permanent land cover), they contribute significantly to the permanent land cover ratio of 

the region, both in the upper areas of watersheds and in the coastal mangrove zone. Because the ratio 

of permanent vegetation to total land area in a watershed is an indicator of its eco-hydrological 

vulnerability to climate change, these protected areas ñ if well protected and managed ñ could be said 

to anchor the natural climate resilience of the region. (See Annex I for a case study discussing the 

investments the Tres Valles Sugar Company has made in the watersheds in their growing area.) 

SOCIOECONOMIC SENSIT IVITY TO THE LOSS OF  ECOSYSTEM BENEFITS  

The livelihoods of most rural households in Southern Honduras depend on a combination of subsistence 

production of staple food crops (mainly maize and beans) and livestock in upland, rain-fed zones; 

artisanal fisheries and some staple crop production on the coastal plain; jobs and income from small and 

medium agro-enterprises for local or regional markets; and income from employment in large-scale 

commercial export industries of crops (melons, sugar; see Annexes F and G) and shrimp. All of these 

agricultural livelihoods and commercial enterprises depend on ecosystem products and services.  
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Fish and shellfish, harvested from the natural ecosystems of the Gulf of Fonseca, are by far the most 

important ecosystem products that support livelihoods in Southern Honduras. In the coastal zone, 

fishing is a major source of food, employment, and income. Fishing is mainly artisanal, employing low-

technology techniques and using small craft. Its importance rests more in the number of jobs generated 

and the food security it provides than the total economic revenue it generates. Wood for both fuel and 

construction is another ecosystem product that underpins the livelihoods of Southern Honduras; most 

wood is locally obtained, usually for free or at the cost of labor, from local natural ecosystems. 

Water for domestic consumption comes from surface water taken from streams and rivers and 

groundwater from wells, both of which result from eco-hydrological processes taking place in the 

watersheds of the region. Growing basic grains, mainly maize and beans, on small-scale subsistence farms 

is the foundation for food security in the area. Subsistence agriculture depends on ecosystem services to 

prevent soil erosion, retain groundwater and soil moisture through infiltration, and maintain soil fertility 

through bacterial nutrient cycling in crop fields and pastures.  

Three large commercial agro-industries ñ sugar, melons, and shrimp ñ generate a very important 

fraction of the employment and income that drive the economy of the region. These industries highly 

depend on sustainable flows of fresh water entering the valleys and the coastal zone, and so have 

significant incentives to maintain the eco-hydrological health of upper watersheds.  

CAPACITY TO ADAPT TO  CHANGES IN ECOSYSTEM  BENEFITS  

Adaptive capacity depends on the ability of individuals, households, communities, and institutions to 

identify options and take advantage of opportunities to reduce their exposure or sensitivity to climate 

change. In field work, the research team arrived at the strong general impression that although 

awareness of the challenges of a changing climate is widespread, the human, financial, and technical 

capacity of relevant institutions to respond adequately to potential climate changes currently is weak. 

Economic factors play a role in the capacity to adapt to climate changes, of course. Although even the 

poorest individuals, families, and communities of Southern Honduras are resourceful, for a variety of 

reasons they often do not have many livelihood options and economic opportunities. This assessment 

revealed that communities differ in the diversity of their economic options and concluded that 

communities with more diversity have more capacity to adapt to projected climate challenges.  

SOCIOECONOMIC VULNER ABILITY  

In assessing the vulnerability of people and ecosystems in Southern Honduras to the effects of climate 

change, three influential factors must be considered: 

¶ exposure of the socioeconomic system, which is equivalent to the ecological vulnerability of the 

ecosystem products and services upon which the people of the region depend;  

¶ sensitivity to the loss of those benefits, as reflected by dependence on them; and 

¶ adaptive capacity of communities and institutions.  

The ratio of a landscapeõs permanent land cover ñ in effect a measure of the extent to which natural 

ecosystems have been conserved ñ is a good indicator of the vulnerability of ecosystem benefits in a 

watershed or a municipality to climate change, and therefore of the socioeconomic systemõs exposure.  

The economy and livelihoods of Southern Honduras, from the poorest fishing or farming communities 

to the large commercial agro-industries, heavily depend on ecosystem products and services that are 

threatened by climate change. Everyone, in every segment of society, depends on ecosystems even if in 



 

 

Vulnerability and Resilience to Climate Change in Southern Honduras 5 

different ways. Additionally, the adaptive capacity of relevant institutions at all levels is weak. 

Communities differ in the diversity of their economic options, and this affects their adaptive capacity.  

This study analyzed the eco-social vulnerability of communities in eight municipalities that represent a 

broad range of climatic, ecological, and socioeconomic conditions in the region. A composite index for 

measuring eco-social vulnerability was created. This index combines permanent land cover ratio, a 

ranked score for livelihood diversity, and the Human Development Index (HDI) ð a measure of 

socioeconomic well-being. For the purposes of this study, the assumption is made that people and 

communities with higher HDI are better able to weather climate shocks, thereby increasing their 

resilience and adaptive capacity. Using this index, the assessment found that communities in areas with 

low permanent land cover ratios, low diversity of economic activities, and/or low HDI scores are more 

vulnerable to climate change and other non-climate stresses than communities with more natural 

vegetation, more diverse livelihoods, and more human and financial resources.  

ADAPTIVE OPTIONS AND  RECOMMENDATIONS  

An integrated, ecosystem-based approach to climate change adaptation is a necessary component of any 

effective strategy for food and livelihood security, as well as economic development in general, in 

Southern Honduras. Sustainable adaptation options must link upper watershed and coastal zone 

ecosystems and communities because of the ecological and socioeconomic interconnections between 

them. Adaptation will require watershed-scale responses that link upstream and downstream 

beneficiaries of ecosystem products and services. As the development hubs of the region, the 

municipalities of Choluteca, San Lorenzo, and Nacaome must work upstream in their watersheds to 

break the relationship between poverty and forest loss that has reduced the natural forest cover in 

upper watersheds, and to regenerate more permanent forest cover there in order to maintain 

irreplaceable eco-hydrological services.  

Donors including USAID have been working with government, nongovernmental organizations (NGOs), 

and private sector actors in Honduras for decades. In many cases, these donors have carried out or 

supported activities and projects that address non-climate stressors such as deforestation, soil 

degradation, and weak governance. In turn, these activities have been effective strategies for addressing 

climate stressors such as rising temperatures and erratic rainfall. Those projects have seen some success 

in promoting practices and technologies for agricultural productivity as well as soil and water 

conservation on hill-slope farms. Future projects should build on those successes; however, given how 

climate change will exacerbate non-climate stressors and increase the vulnerability of ecosystems and 

the people who depend on them, it becomes necessary to scale-up these activities. For example, given 

that some degree of success in conserving soil fertility and moisture has been experienced at the farm 

level, there is now a compelling reason to complement these activities with projects that strive to 

achieve larger-scale impacts at landscape and watershed levels.  

The commercial agro-industries have a large economic and political influence, and they have a significant 

impact on the use and management of significant amounts of water and land. Another opportunity for 

new programs is to work with the commercial agro-industrial sector to improve their ability to invest in 

and sustain improved land and water use. Adaptive actions will require water users to internalize the 

costs of water and pay for watershed management improvements upstream (e.g., forest conservation 

and regeneration) and downstream (e.g., mangrove conservation and regeneration). Commercial agro-

industries are aware of how much they depend on eco-hydrological services to provide water of suitable 

quantity and quality for their enterprises, and they expressed an interest in developing compensation 

mechanisms that would help protect and restore upper watersheds to maintain those eco-hydrological 

services. 
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1.0  INTRODUCTION  

1.1 OBJECTIVES 

USAID/Honduras requested that the ARCC Program conduct a climate change vulnerability assessment 

for the southern region of Honduras. The objectives of the assessment were to: 

¶ Assess the vulnerability of people and ecosystems in Southern Honduras to the possible effects of 

climate change; 

¶ Identify actions that could increase resilience and decrease vulnerability in order to provide options 

for USAID/Honduras programming of biodiversity and climate change adaptation funds; and 

¶ Identify climate-resilient livelihood and employment opportunities that could help reduce poverty. 

USAID/Honduras has specified that this vulnerability assessment should focus on Southern Honduras, in 

particular the Departments of Valle and Choluteca (Figure 1.1). These departments make up most of 

Region 13, a development region defined in the Honduran National Development Plan (Plan de Nación). 

USAID/Honduras has further specified that they are interested in using this vulnerability assessment to 

inform programming that will use two targeted sources of funding ð one for climate change adaptation 

and one for biodiversity conservation. The USAID/Honduras Mission also stated that it is interested in 

improving livelihoods, incomes, and food security for the poorest sector of the population in Southern 

Honduras. The Mission asked that the assessment particularly focus on vulnerability to climate change at 

the local level, and on how local institutions (including local and regional offices of national agencies) 

might respond in ways that would increase their resilience to the negative effects of climate change.  
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FIGURE 1.1   SOUTHERN HONDURAS  CLIMATE CHANGE VULNE RABILITY 

ASSESSMENT STUDY ARE A 

 

1.2 BACKG ROUND  

USAID Climate Change Strategy 

USAIDõs Climate Change and Development Strategy 2012ð2016 says that òMany years of leadership in 

biodiversity conservation and natural resources management inform climate sensitive approaches to land 

use planning and sustainable use of natural resources such as forests and water. Recognizing that this is 

an emerging field and that adaptation needs will vary considerably with local circumstances, USAID will 

supporté. strengthening of environmental conservation actions that protect natural ecosystems on 

which human development dependsó (USAID, 2012a, pp. 16ð17). One of the 10 òguiding principlesó 

listed in the Climate Change and Development Strategy is to òvalue ecosystem services.ó This principle 

provides a strong link between climate change adaptation (and mitigation) and biodiversity conservation, 

because ecosystem services result from ecological processes that depend on the diversity of species in 

the ecosystem. Biodiversity is, therefore, the source of ecosystem services (USAID, 2005). The Climate 

Change Strategy states that: òAlthough these [ecosystem] services are critical to development, they are 

often not valued appropriately in the marketplace. For example, forests offer more than just timber for 

harvesté [they store] carbon; é reduce erosion, improve the quantity and quality of wateró (USAID, 

2012a, p. 10). 



 

 

Vulnerability and Resilience to Climate Change in Southern Honduras 8 

1.3 CONCEPTUAL FRAMEWORK  

The concept of òeco-sociologicaló systems is becoming more widely used in the literature on resilience 

(Füssel and Klein, 2006; Ostrom, 2009; Smit and Wandel, 2006; Turner et al., 2003; Walker et al., 2004). 

Figure 1.2 below shows the conceptual framework used to guide the Honduras vulnerability assessment. 

As the figure shows, the approach taken assesses the impact of climate change on ecosystems in 

Southern Honduras and how these impacts, in turn, affect the socioeconomic well-being of people 

whose livelihoods depend on these ecosystems. This integrated approach was adapted from Marshall et 

al. (2010) and tested by the USAID Management of Aquatic Resources and Alternative Development 

(MAREA) Project in its vulnerability assessment for the Gulf of Honduras (USAID, 2012b) The 

conceptual approach is compatible with the Intergovernmental Panel on Climate Change (IPCC) concept 

of vulnerability, which is also used by USAID and defines vulnerability as a function of exposure 

(anticipated climate changes), sensitivity (how these climate changes affect ecosystems and communities 

that depend on those ecosystems), and adaptive capacity  (the ability of the affected systems, 

institutions, and communities to respond and adapt). 

FIGURE 1.2   CONCEPTUAL FRAMEWORK  FOR THE HONDURAS VUL NERABILITY 

ASSESSMENT 

 

               Source: Modified from Marshall et al., 2010, p. 9; and USAID, 2012b, p. 12 
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1.4 ASSESSMENT METHODOLOGY  

Literature Review 

The first step in the assessment was to conduct an extensive review of existing literature relevant to the 

objectives of the assessment. Findings of the literature are available in an ARCC report (USAID-ARCC, 

2013).  

Scoping Mission 

An initial scoping trip took place in Honduras from 11ð24 August 2013. Several members of the 

assessment team met with USAID/Honduras upon arrival and presented an out-briefing before 

departure. During the scoping mission, meetings were held in Tegucigalpa with key agencies and other 

stakeholders at the national level, and with key regional stakeholders in Choluteca and Valle 

Departments. The assessment team visited three marine protected areas (Bahia de Chismuyo, La 

Berberia, and Estero San Bernardo) and one montane protected area (Cerro Guanacaure). 

Approximately 30 individuals shared information with the team.  

Climate Analysis  

The climate analysis conducted for the assessment included: 

¶ Collection and analysis of daily-level weather station data for Southern Honduras obtained by special 

arrangement from the Servicio Meteorologico Nacional (SMN, four stations); the Dirección General 

de Recursos Hídricos (DGRH, 14 stations); and the Servicio Autónomo Nacional de Acueductos y 

Alcantarillados (SANAA, two stations). The earliest records are from 1951 (Amapala) and run 

through 2011ð2013 for most stations. All station records include precipitation measurements, and 

several also feature other atmospheric parameters such as temperature, relative humidity, wind, and 

barometric pressure. 

¶ Preparation of climatological assessments for key sites with the longest records (30ð60 years), 

utilizing analysis of daily-level station records. An initial compilation of data included climatological 

means and extreme values for each day of the year based on all years available for each data series. 

This compilation provided baseline means for assessing trend behavior and served as the basis for 

characterizing duration of climatological seasons (early rains, mid-year canícula, late rains, dry 

season) with high precision. 

¶ Analysis of all available Tropical Rainfall Measuring Mission (TRMM) satellite rainfall data, which 

cover the period from 1998 to the present. The TRMM measurements closely matched aggregated 

climate station point measurements and so should serve well as a spatially and temporally consistent 

data resource for the future. 

¶ Analysis of satellite-based and tidal gauge sea-level data; 

¶ Assessment of tropical cyclone-related risks and hazards; and 

¶ Evaluation of IPCC projections for the Southern Honduras region. 
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Field Assessment 

The field assessment took place from 22 September to 8 October 2013. The team met with USAID 

upon arrival and presented an out-briefing before departure. The team conducted site visits and focus 

group discussions with representatives of 14 communities, and with seven municipal mayors and their 

staff (see Annex E). Discussion guides used in those meetings can be found in Annexes A and B. Two 

workshops were held with key stakeholders, one for those from upper and middle watersheds, and the 

other for those from the coastal-marine zone. Agendas for those workshops can be found in Annexes C 

and D. The purpose of the focus group discussions and workshops was to obtain firsthand information 

about livelihoods, their dependence on ecosystem products and services, and their vulnerability to 

climate changes. During the field assessment phase, the team met with more than 200 individuals from 

municipalities, communities, government agencies, donors, and the private commercial sector.  

Synthesis Workshop 

After completion of the field assessment research, specialists on the assessment team prepared 

individual written reports on their topic of focus. The team met in Washington, D.C. from 18ð20 

November to share their preliminary findings with all team members and to integrate those findings.  

Assessment Report 

The assessment report was prepared using all of the information gathered throughout the assessment 

process.  
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2.0  EXPOSURE TO CLIMATE 

CHANGE 

2.1 GENERAL CL IMATE CHARACTERISTIC S OF SOUTHERN HONDURAS  

The annual climate cycle throughout the Southern Honduras region features the progression of four 

clearly identifiable seasonal changes. These are: 1) the dry season (November to April), known 

colloquially as verano, òsummeró; 2) a wet season from May to June; 3) a reduction in the rains, called 

the canícula, in July and August; and 4) a second wet season from late August to October (Figure 2.1 

shows annual precipitation and temperatures for Amapala, a municipality located in the Valle department 

of Southern Honduras). The entire wet season from May to October is generally called invierno, 

òwinter.ó The regionõs ecosystems and socioeconomic systems both have been shaped by this annual 

climatic cycle. The marked seasonality in rainfall is not accompanied by major changes in temperature. 

The relative stability of temperatures in Southern Honduras is due to its location well within tropical 

latitudes, which limits incursions of cool air masses from the north, and to its proximity to warm waters 

of the eastern tropical Pacific Ocean. The highest temperatures occur in April and May before they fall 

with the onset of the wet season. 
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FIGURE 2.1   ANNUAL PRECIPITATION  AND TEMPERATURE IN AMAPALA  BASED 

ON DAILY AVERAGES.  

 
Source: A. Seimon, from data provided by Servicio Meteorologico Nacional  

Within Southern Honduras, there is a significant rainfall gradient, with approximately 50 percent greater 

rainfall in the southwest as compared to the northeast (see Figure 2.2 for the research teamõs analysis of 

TRMM satellite rainfall data). Annual rainfall peaks can occur at different times depending on location. 

Temperatures are influenced by elevation and proximity to the coast. The coolest temperatures are 

found in mountainous areas away from the coast; the hottest temperatures are found in lowlands inland 

from the coast. Cooler temperatures mean lower rates of evaporation, causing less thermal and 

hydrological stress to natural ecosystems and crops. 



 

 

Vulnerability and Resilience to Climate Change in Southern Honduras 13 

FIGURE 2.2   REGIONAL VARIATION  IN MEAN ANNUAL RAINF ALL IN SOUTHERN 

HONDURAS  (ANALYSIS BY TEAM CL IMATE SCIENTIST)  

 

Source: A. Seimon, from data recorded by the TRMM 

2.2 TEMPERATURE TRENDS A ND MODEL PREDICTIONS  

After a rapid multi-decade increase in temperature that peaked in 1998, average temperatures across 

Southern Honduras have been nearly stable for the past 15 years (Berkeley Earth Project, 2013), 

sustaining high baseline values above any experienced for hundreds, and probably thousands, of years 

(IPCC, 2013). These patterns closely match trends observed elsewhere in Central America.  

Natural variability governs annual to decadal temperature trends through the strong control exerted by 

the ENSO. The opposing phases of ENSO, El Niño, and La Niña events typically cause monthly 

temperatures across Southern Honduras to be 0.75ð1.0 degrees Celsius above average or below 

average, respectively. Multi-decadal temperature trends reflect the shifting frequency of El Niño and La 

Niña events superimposed upon the longer-term global warming signal. A higher frequency of El Niño 

events relative to La Niña events promotes upward temperature trends. The absence of strong El Niño 

events since the late 1990s has suppressed the occurrence of exceptionally warm years. There is, 

therefore, some potential for an upward jump in the mean baseline temperature when an El Niño-

dominated pattern of Pacific Ocean sea-surface temperatures occurs.  

IPCC model predictions for the region show warming proportional to the degree of prescribed 

greenhouse gas forcing (Figure 2.3). By mid-century, there appears to be little difference between 

predictions developed from the four emissions scenarios that were modelled (Recommended 

Concentration Pathways [RCPs] are the different global emissions trajectories utilized by the IPCC for 

their Fifth Assessment Report [2013]). Models suggest that by 2050, the hottest temperatures will occur 

in May, about one month later than at present. The IPCC ascribes high confidence to the likelihood that 

ENSO will remain the dominant mode of interannual variability throughout the century, so comparable 

year-to-year temperature variability should continue, superimposed on an overall warming trend driven 

by greenhouse gas buildup in the global atmosphere. 
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FIGURE 2.3   IPCC MULTI -MODEL TEMPERATURE P ROJECTIONS FOR CENTRAL 

AMERICA TO 2100

 

Time series of temperature change relative to the 1986ð2005 period averaged over land grid points 

in Central America for JuneðAugust under four different RCP greenhouse gas emission trajectories for 

the 21st century. Thin lines denote model simulations; thick lines the multi-model mean. Source: 

Reproduced from Figure AI.25 in IPCC (2013) Working Group 1, Annex 1 

2.3 PRECIPITATION TRENDS  AND MODEL PREDICTION S  

An analysis of precipitation trends based on Tropical Rainfall Measuring Mission satellite-based rainfall 

observations from 1999 to 2013 shows interesting features: 

¶ Significant rainfall events (i.e., one to two days of heavy rainfall) are now common before the onset 

of the first wet season in mid-May; these events now occur in 50 percent of all years. 

¶ Sub-regional differences are evident in the duration and intensity of the canícula period of reduced 

precipitation. 

¶ The data suggest a 27-day reduction in the duration of the canícula dry period (from 66 to 39 days) 

during the past 50 years in the northeastern part of the southern region, with increasing rainfall 

rates and fewer dry days experienced. The duration is reduced fairly symmetrically at both the 

beginning and end of the canícula period, representing an encroachment of both wet seasons at the 

expense of the dry period. 

¶ Observational data identify a strong trend toward wetter conditions in all three seasons 

characterized by rainfall. Partitioning the trend according to rainfall seasons shows that these 

increases are experienced across the entire AprilðNovember pluvial period. 
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The recently released findings of the IPCC Fifth Assessment (IPCC, 2013) agree with projections 

presented in earlier IPCC reports showing long-term drying in Southern Honduras. The maps in Figure 

2.4 show modelled precipitation changes for Central America from the IPCC report for 2016ð2035 

(top), 2046ð2065 (middle), and 2081ð2100 (bottom) with respect to 1986ð2005 in the RCP4.5 

emissions scenario. These maps can be taken to represent the consensus of climate predictions under a 

relatively moderate scenario of anthropogenically-driven climate change. The consensus of all of the 

individual model simulations, when aggregated together, shows Southern Honduras to be located in the 

zone of maximum reductions in precipitation in both the mid- and late-century. For example, the map of 

modelled precipitation given in Figure 2.4 shows that even under a moderate emissions scenario 

(RCP4.5) a 10ð20 percent net decrease in precipitation during the AprilðSeptember period is predicted 

by mid-century (2046ð2065) for Southern Honduras. This decrease is more severe than predicted for 

eastern Nicaragua and southern Mexico, or for eastern Honduras. When taken with the model 

consensus of close to 2 degrees Celsius of warming for the same time period relative to the present, 

these predictions suggest that by mid-century, Southern Honduras may become a òhotspotó of magnified 

climate change related stress relative to areas outside the region. 
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FIGURE 2.4   PREDICTED CH ANGES IN PRECIPITA TION IN  

CENTRAL AMERICA TO 2 100 

 

Source: Reproduced from Figure A1.27 in IPCC (2013)  

Working Group 1, Annex 1 
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FigureAI.27: Topleft: timeseriesof relativechangerelativeto1986ï2005inprecipitationaveragedover land3

grid points in Central America (68.8ǓW,11.4ǓN; 79.7ǓW, 1.2ǓS; 116.3ǓW,28.6ǓN; 90.3ǓW,28.6ǓN) inAprilï4

September. Top right: samefor all grid points in Caribbean (land and sea) (68.8ǓW,11.4ǓN; 85.8ǓW,25ǓN,5

60ǓW,25ǓN, 60ǓW,11.44ǓN). Thinlinesdenoteoneensemblemember per model, thick linestheCMIP5multi-6

model mean. Ontheright-handsidethe5th, 25th, 50th(median), 75thand95thpercentilesof thedistribution7

of 20-yr meanchangesaregivenfor2081ï2100inthefour RCPscenarios.8

Below: mapsof precipitation changesin2016ï2035,2046ï2065and2081ï2100with respect to1986ï20059

in theRCP4.5 scenario. For each point, the25th, 50th and 75th percentileof thedistribution of theCMIP510

ensemble are shown, this includes both natural variability and inter-model spread. Hatching denotes areas11

where the20-yr mean differencesof thepercentiles are less than thestandard deviation of model-estimated12

present-day natural variability of 20-yr meandifferences.13

Sections9.4.1.1, 9.6.1.1, Box 11.2, 12.4.5.2, 14.2.3.1, 14.8.4containrelevant informationregardingtheevalu-14

ationof modelsinthisregion, themodel spreadinthecontext of other methodsof projectingchangesandthe15

roleof modesof variability andother climatephenomena.16
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2.4 TROPICAL CYCLONES  

Tropical cyclones are low-frequency events in Southern Honduras, with only one or two affecting the 

region per decade. Even so, they can have a major impact on precipitation, bringing up to 50 percent of 

annual rainfall in a period of only five days. To date, the largest effects have been from Atlantic 

hurricanes coming ashore in Honduras and Nicaragua, and bringing exceptionally heavy rainfall to 

Southern Honduras. In the past, cyclones from the Pacific never have been known to hit Southern 

Honduras as mature systems (at tropical storm or hurricane intensity). There is some evidence for a 

growing risk from Pacific cyclones, with the only storms known to have approached the Gulf of Fonseca 

region since observations began in 1949 occurring in 1982, 1988, 1997, and 2005 (Knabb, 2005). Risks 

may grow due to warming seas and the extension of the hurricane season in time. Detailed climate 

model predictions of tropical cyclones have not yielded conclusive results, but the warming of sea-

surface temperatures off the southern coast will create more favorable conditions for tropical cyclone 

development than have existed in the past. Rainfall rates in tropical cyclones are expected to increase by 

approximately 20 percent by late-century as the climate warms, suggesting increasing risks of high-

magnitude flood events.  

2.5 SEA-LEVEL TRENDS AND PRE DICTIONS  

Recent trends in sea level in the Gulf of Fonseca region reflect natural variability through the local 

influence of the ENSO on water temperature and hence sea level. Satellite observations show a slight 

downward trend in sea level between 1993 and 2012. Tide gauges have recorded an unsteady increase 

between 2001 and 2010. ENSO variability likely explains these differences between satellite and tide 

gauge observations, which may perhaps be due to an amplified regional response to El Niño and La Niña 

events as well as the limited overlap of the time periods in each data set.  

An absence of strong El Niño events since the late 1990s has suppressed the temporary occurrence of 

highly elevated sea levels in the Gulf of Fonseca region. There is therefore some potential for an upward 

jump in baseline mean sea level with the eventual ð and possibly imminent ð return to an El Niño-

dominated pattern of Pacific Ocean sea-surface temperatures.  

The current IPCC assessment asserts that sea-level rise will become dominant over natural variability 

during the next century, and that major increases are inevitable. Using either the highest or lowest 

greenhouse gas emission scenarios, the IPCC Fifth Assessment shows very little difference in sea-level 

increases predicted by 2050. The IPCC projections suggest sea-level increases in the range of 20 

centimeters above present levels by mid-century, with natural variability superposed upon that. 

2.6 KEY FINDINGS  

¶ After a rapid multi-decade increase in temperatures that peaked in 1998, temperatures in Southern 

Honduras have been nearly stable for 15 years but are now at levels warmer than any experienced 

for at least hundreds of years. 

¶ Precipitation measurements from rain gauges, now validated by satellite observations, show a trend 

of increasing rainfall over several decades. 

¶ The ENSO exerts a strong control on temperature trends in Southern Honduras at annual and 

decadal time frames.  

¶ IPCC models predict warming by about +2 °C by 2050 due to greenhouse gas forcing. 
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¶ IPCC multi-model consensus predicts a 10ð20 percent decrease in precipitation in Southern 

Honduras by 2050. 

¶ Temperature and precipitation projections suggest that by mid-century Southern Honduras may be 

a òhotspotó of magnified climate stress relative to other parts of Central America and Mexico. 

¶ Although temperatures have been relatively stable, and precipitation has been increasing in recent 

decades, there is potential for a sudden reversal to a warmer, drier climate within a few decades if 

model projections are correct.  

¶ The potential for a sudden reversal to a drier climate makes it more urgent to take advantage of the 

current wetter-than-average climate to carry out reforestation of watersheds and other adaptive 

measures. 

¶ There is potential for a relatively sudden rise in sea level with the next shift to the ENSO òwarmó El 

Niño mode. 
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3.0   POTENTIAL EFFECTS ON 

ECOSYSTEMS  

3.1 ECOSYSTEM SENSITIVIT Y TO CLIMATE CHANGE  

The spatial distribution of natural ecosystems and human land uses in Southern Honduras are shown in 

Figure 3.1. This map, based on 2009 Moderate Resolution Imaging Spectroradiometer (MODIS) satellite 

observations, is the most current land cover and land use map available. The research team has used the 

seven classes of natural vegetation given on the map as the basis for its analysis of the potential 

ecological effects of the predicted climate changes discussed in the preceding chapter. These natural 

ecosystems, shown on the map in different colors, are mangroves, broadleaf forest, mixed forest, dense 

pine forest, sparse pine forest, dry forest, and shrublands. Shrublands mainly are regenerating dry or 

mixed forests that previously have been completely or partially cleared and cultivated but have been left 

fallow, and so represent a transition between agricultural and natural ecosystems. Very small areas of 

cloud forest ecosystems exist at the highest elevations in the region but are too small to show up on the 

map. Note that the predominant land cover of the region is not natural ecosystems, but agricultural 

ecosystems with small-scale crop and pasture lands shown in yellow and large-scale commercial 

agriculture shown in orange.  
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FIGURE 3.1   LAND COVER AND LAND USE MAP BASED ON 200 9 MODIS DATA  

 

 Source: Rivera et al., 2011 

Ecologists often use temperature and precipitation to characterize òclimate envelopesó for species and 

ecosystems (Whittaker, 1975). These òenvelopesó outline the combinations of temperature and 

precipitation within which a species or ecosystem is found. The climate envelope diagram in Figure 3.2 

shows how the natural ecosystems of Southern Honduras are distributed with respect to current 

temperature and precipitation levels. The dotted outline in the diagram shows how the ecological 

climate envelope would shift by 2050 if the predictions from the IPCC Fifth Assessment Report for a 

high-emissions scenario were to occur (a temperature increase of +2 °C and a precipitation decrease of 

ð15 percent, about 200 mm less than at present). The IPCC temperature predictions based on different 

emissions scenarios (see Figure 2.3) show very little difference until about 2040, when the high-

emissions scenario curve (RCP8.5) starts to diverge upward from the others. There is little doubt that a 

2 °C temperature increase will be reached in Southern Honduras; the only question is when. Given 

current rates of increase in greenhouse gas emissions, 2050 appears to be the most likely time frame for 

reaching the +2 °C warming level. 

 

 


