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Abstract 
 
This MSc thesis contributes with new information on how vulnerability to tropical 
cyclone (TC) induced flooding has evolved at two coastal lowland study sites in the 
town of Corinto in Nicaragua over a period of 50 years. The research was done through 
rain station data analyses, semi-structured interviews, and focus group discussions. 
Analyses of changing poverty, human mobility, housing conditions, and occurrence of 
flood-related diseases were used as additional indicators supporting the overall 
vulnerability assessment. 

The recent increase in the North Atlantic TC activity can not be seen in the data 
from Corinto. The both studied neighborhoods built on dump-sites and mangrove marsh 
have clearly become less exposed, less sensitive, and more resilient to external stress 
brought by TCs. These two sites have been developing into different directions since 
one has reached a more prosper status whereas the other is still rather marginal. The 
former has been supported by the local government while the latter has been growing in 
a less regulated way.  

This thesis suggests that there are coastal communities in developing countries, 
which are able to cope with and adapt to extreme climate events even though this kind 
of vulnerability has been predicted to increase due to global warming. 
 
Keywords: vulnerability, adaptation, tropical cyclone activity, flooding, climate change, 
Nicaragua. 
 
 

Resumen 
 
Esta tesis de MSc aporta nueva información sobre como la vulnerabilidad ante 
inundaciones causadas por ciclones tropicales ha cambiado en dos sitios costeros de 
tierras bajas en la ciudad de Corinto en Nicaragua durante los 50 años últimos. El 
estudio fue realizado a través de análisis de datos de precipitación, entrevistas semi-
estructuradas y discusiones de grupos de enfoque. Análisis de variaciones de la pobreza, 
movilidad humana, condiciones de la vivienda y ocurrencia de enfermedades 
relacionadas con las inundaciones han sido usados como indicadores que respaldan la 
evaluación de vulnerabilidad. 

Los datos de precipitación de Corinto no enseñan el aumento reciente de la actividad 
ciclónica en el Atlántico Norte. Los dos sitios estudiados construidos sobre depósitos y 
manglares obviamente se han vuelto menos expuestos, menos sensibles y más 
resistentes a estrés externo causado por ciclones tropicales. Estos sitios se han 
desarrollado diferentemente ya que uno ha alcanzado un estatus social más alto mientras 
el otro todavía es bastante marginal de escasos recursos. Aquél ha sido apoyado por el 
gobierno local mientras esté ha crecido de una manera menos regulada. 

Esta tesis propone que haya comunidades costeras en los países subdesarrollados 
que saben enfrentarse con y adaptarse a eventos climáticos extremos aunque según 
varios estudios anteriores, este tipo de vulnerabilidad aumentará por el calentamiento 
global. 
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1. Introduction 
 
Societies in different parts of the world seem to have become more vulnerable to 
extreme climate events, such as tropical cyclone (TC) related flooding (Adger et al. 
2005; Nicholls et al. 2007;Trenberth et al. 2007; van Aalst 2006). Recent research 
claims that this change is caused by anthropogenic global warming since frequency and 
intensity of the North Atlantic TCs have increased in a way that can not be explained 
merely by natural cyclic variations (Gillett et al. 2008; Holland & Webster 2007; Santer 
et al. 2006:13905; Saunders & Lea 2008:557; Trenberth et al. 2007:306). Especially 
developing countries are at risk because of sea-level rise and increasing population 
settlement on exposed coastal lowland areas (Adger et al. 2005; Nicholls et al. 
2007:317; Pielke Jr. et al. 2005:1573). Many low-income communities build their 
dwellings on flood-prone sites such as mangrove swamps that regularly get inundated 
by tidal waters (Douglas et al. 2008; Few 2003). In urban areas, societies’ increasing 
vulnerability is often also brought about by landscape alterations and socio-economic 
factors. For instance, floodwaters’ natural flow channels may get blocked by buildings, 
pavements, and solid waste (Bankoff 2003; Douglas et al. 2008). Several articles have 
been recently published on poor urban communities’ adaptation to climate change 
brought increased flood risks (see Bankoff 2003; Brouwer et al. 2007; Douglas et al. 
2008; Karim & Mimura 2008; Nchito 2007; Rashid 2000; Zong & Chen 1999). Because 
a society’s capacity to adapt to environmental change is a time and place bounded 
phenomenon, it is important to carry out detailed historical studies in flood-prone areas 
in order to understand “changing vulnerabilities” (Endfield 2007:10). 
 

 
Figure 1. Corinto’s location in the department of Chinandega in north-western Nicaragua. 

 
Nicaragua is one of the poorest countries in Latin America (UN-Habitat 2007:373). The 
country is exposed to intense precipitation events brought by both Atlantic and Pacific 
TCs due to its geographical location between the Caribbean Sea and the North Pacific 
Ocean (see figure 1) (INETER 1998:17; Wheelock Román 2000). Over a period from 
1892 to 1996, Nicaragua was affected by 41 TCs, of which 45% were categorized as 
hurricanes (Baca et al. 2001:12). Nicaragua’s Pacific coast is the most populated region 
in the country whereas its Caribbean lowland areas are covered by dense tropical forest 
(Íncer Barquero 2008:130-131). Even though the Caribbean side is more exposed to 
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TCs (see Baca et al. 2001:21), the Pacific side is more sensitive to this kind of external 
stress because of the amount of affected people. According to Baca et al. (2001:102-
105), the port of Corinto is one of few Pacific side municipalities that are extremely 
exposed to inundations. Baca et al. claim that Corinto is mostly affected by North 
Atlantic TCs that pass near the Pacific part of the Honduran border. The inundation 
situation is aggravated by simultaneous strong winds causing storm surges and/or by 
coinciding with exceptionally high tides from 1 to 1.5 m above normal level. In both 
cases, floodwaters’ drain into the sea get blocked (Baca et al. 2001:90-91,102-105). 
Pacific TCs have also caused severe damage in Corinto, for instance Aletta in 1982 
(MINVAH 1983:19). 
 
Corinto is located in the department of Chinandega (see figure 1) and its population has 
been increasing since the 1950s due to employment possibilities brought by growing 
port activities (Otero & van Rijn 1993:15). Because Corinto is situated on a peninsula 
with limited amount of land suitable for housing, urbanization has resulted in informal 
settlement at flood-prone sites. Several rain stations are located near Corinto enabling 
access to historical precipitation data. By means of the criteria presented above, Corinto 
was chosen as a suitable site for historical vulnerability research. Within Corinto, two 
different case study areas were selected according to a process described under chapter 
four. 
 
 

2. Objective and questions 
 
The overall aim of this thesis is to understand if, how, and why a local society’s 
vulnerability to TC related flooding has changed in the town of Corinto in north-
western Nicaragua during the last 50 years. More specific questions are: 

 How has TC frequency and intensity varied in Corinto during the last 50 years, 
according to rain station, TC record, and interview data? 

 How and why have two different case study areas’ sensitivity to TC related 
flooding been changing over the last 50 years? 

 What kinds of actions have the local society taken in order to cope with and 
adapt to TC related flooding? How have these actions changed the two different 
case study areas’ resilience to TC related flooding? 

 How has the local society’s vulnerability to TC related flooding evolved by 
using such indicators as poverty, human mobility, housing conditions, and 
occurrence of flood-related diseases? 

 
 

3. Literature review 
 
3.1 Atlantic tropical cyclone activity 

Tropical cyclones (TCs) are frontless synoptic-scale low pressure systems with vortical 
surface wind circulation and thunderstorm activity over tropical or subtropical waters 
(McGregor & Nieuwolt 1998:151). Typical for these phenomena is a diameter from  
300 to 800 km, a distinct eye, and prevailing steep pressure gradients close by the warm 
low pressure cyclone centre causing high wind speeds. Most of the energy is taken from 
evaporated warm surface water whereas latent condensed energy is released in the upper 
atmosphere. Large quantities of humid warm water are needed for TC formation and 
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maintenance. Thus, cyclogenesis regions are located over oceans with sea surface 
temperature (SST) above 27C. Mostly, TCs are developed in the western part of the 
large oceans in the end of the northern hemisphere summer. Due to the Coriolis effect 
needed for vorticity, TCs are not formed close to the equator at latitudes below 5. TCs 
tend to decay when coming over land. To determine TC intensity, maximum sustained 
wind speeds are measured. Tropical depressions have maximum sustained winds under 
17 m s-1 (McGregor & Nieuwolt 1998:151-153,156,157), tropical storms from 18 to  
32 m s-1 (Steenhof & Gough 2008:249), hurricanes over 32 m s-1, major hurricanes over 
49 m s-1, and intense category 4 and 5 hurricanes over 59 m s-1 (Wu & Wang 
2008:1432). Depending on geographical regions, TCs are called by different names 
(McGregor & Nieuwolt 1998:151,152). 
 
It has been highly debated how the frequency and intensity of TCs have been changing 
since the beginning of the 20th century and if the observed changes have been caused by 
anthropogenically induced global warming. According to Trenberth et al. (2007:306), 
the North Atlantic TCs have been recorded since 1851 with values that are fairly 
reliable after 1950 and most reliable after 1970 (Trenberth et al. 2007:306). TC counts 
before 1944 are mainly based on records of landfalling TCs and ship observations. 
From 1944 to 1965, aircrafts were used to supplement ship records over some parts of 
the basin. Since 1966, there has been satellite monitoring over the entire basin (Vecchi 
& Knutson 2008:3582). Because of the same reason, SST data are also more reliable 
after the mid 1960s (Steenhof & Gough 2008:251). In the North Atlantic, there has been 
a more active TC period between the 1930s and the 1960s and a less active period from 
the 1970s to the 1980s. These periodic changes are similar to the Atlantic Multi-decadal 
Oscillation (AMO), which is likely to be connected to thermohaline circulation 
(Trenberth et al. 2007:246,306). The AMO is a long-term sequence of SST alternation 
in the North Atlantic. One phase lasts from 20 to 40 years and the temperature variation 
between phases is under 1°C. Thermohaline circulation is a phenomenon linked to 
global oceanic circulation, in which deep polar water is welling up in the North Atlantic 
and cooling down warmer tropical surface waters. Due to global warming, this 
circulation is predicted to weaken causing higher tropical North Atlantic SSTs 
(Steenhof & Gough 2008:249,250,253). When compared with a period from 1981 to 
2000, almost all the TC seasons since 1995 have been above normal values. Trenberth 
et al. (2007:246,306) argue that it is more likely that the recent SST increase is brought 
about by global climate change than merely by the AMO (Trenberth et al. 
2007:246,306). Besides, there are also interannual natural alternations that have been 
told to impact the North Atlantic TC activity. For instance, both El Niño events of the 
El Niño Southern Oscillation (ENSO) and eastern phases of the stratospheric Quasi-
Biennial Oscillation (QBO) cause weaker TC activity due to the vertical wind shear 
impact (Arpe & Leroy 2009:12; McGregor & Nieuwolt 1998:157). 
 
Holland & Webster (2007) argue that there have been long-time variations in TC 
frequency in the North Atlantic during the last one hundred years. They have found out 
existence of three different regimes with sharp transitions (1900-1930, 1931-1994 and 
1995-present), where each of them consists of 50% more TCs than the previous one due 
to an increase in the eastern Atlantic SSTs. During the past century, the eastern North 
Atlantic SST has increased with over 0.7C and the number of TCs has doubled. 
Holland & Webster (2007) claim that global warming contributes to this trend. They 
also differentiate between periods of a low and a high proportion of major TCs. From 
1930 to 1944 and from 1962 to 1994 there were relatively few major TCs, while from 
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1945 to 1961 and from 1995 to the present there have been increased proportion of 
major TCs. They claim that these variations are linked to the variable SSTs in the Gulf 
of Mexico. Even if the cyclic alternation of low and high proportion of major TCs 
seems to be trendless, the long-term amount of major TCs is growing because of 
increasing total number of TCs (Holland & Webster 2007). 
 
Measuring TC frequency and activity by using number of TCs and the accumulated 
cyclone energy (ACE) index, Saunders & Lea (2008:557) suggest that an August-
September SST rise of 0.5°C over a period from 1965 to 2005 is linked to an estimated 
40% increase in tropical Atlantic TC frequency and activity (Saunders & Lea 
2008:557). According to Emanuel (2005:686), there is no clear trend in historical global 
TC frequency. He presents an index of potential TC destructiveness called power 
dissipation index (PDI) (Emanuel 2005:686), which is an annually accumulated 
measure of total TC energy consumption depending on intensity, duration, and 
frequency of TCs. The PDI corresponds strongly with Atlantic SSTs and has almost 
doubled since the 1970s. Emanuel concludes that the future PDI will not only depend on 
SSTs but also on “tropopause temperature, surface wind speed, low-level vorticity, and 
vertical wind shear” (Emanuel 2007:5498,5504,5505). Wu & Wang (2008:1432) 
underline that both the number and proportion of intense TCs have increased since 
1970s. They state that the recent proportional increase in intense TCs may depend on 
rising cyclogenesis in the North Atlantic main development region (MDR) due to the 
increasing SST and decreasing vertical wind shear. The same region of prevailing tracks 
has historically been favorable for formation of intense TCs (Wu & Wang 
2008:1432,1434,1438). 
 
According to Santer et al. (2006:13905), observed SST increases vary from 0.41°C to 
0.67°C in the Atlantic basin and from 0.32°C to 0.38°C in the Pacific basin over the 
20th century. According to their results, this kind of change can not solely depend on 
unforced non-seasonal climate variability. Thus, it is likely that the last century’s SST 
increase depends to a major extent on greenhouse gas driven global warming according 
to the results of the used climate models (Santer et al. 2006:13905). Gillett et al 
(2008:1) have carried out a same kind of study by using separate runs for anthropogenic 
and natural forcing. According to their results, anthropogenic response can be 
independently identified over both the Atlantic and the Pacific cyclogenesis regions. 
Gillett et al. conclude that an increase in human induced greenhouse gases is likely to 
be the main cause of rising Atlantic SSTs (Gillett et al. 2008:1,4-5). Steenhof & Gough 
(2008:249) have particularly studied relationships between TC activity and SSTs in the 
North Atlantic MDR located between 10°-20° N and 30°-60° W. They argue that due to 
the thermohaline circulation changes caused by global warming, this specific region’s 
TC activity might change in a unique way in the future. Steenhof & Gough have 
compared TC activity between the ten coolest and ten warmest years of MDR SSTs 
over a period from 1941 to 2006. According to all the different measurements, average 
TC activity was 86 % higher during the ten warmest years in relation to the ten coolest 
years. They argue that a statistically significant relationship exists between MDR SSTs 
and TC activity. In addition, they have studied statistical connection between MDR 
SSTs and varying measurements of the TC activity (by using the Net Tropical Cyclone 
activity index). Even if statistically significant relationships are found, they point out 
that there are also other factors impacting the Atlantic TC activity variability, such as 
ENSO variation (Steenhof & Gough 2008:249-252). 
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Since methods for TC observing have been changing highly during the period from 
1878 to 2006, Vecchi & Knutson (2008) have developed an assessment of expected 
amount of North Atlantic TCs that were not observed before the beginning of the 
satellite monitoring in 1965. The results of duration and number of TCs are related to 
historical SST reconstructions. Unadjusted 1878-2006 trend is statistically significant 
(about 60% increase per century) whereas adjusted 1878-2006 trend is not significant 
(15% increase per century). However, uncertainty is higher than for 1900-2006 trend, 
which shows 50% increase per century. According to their results, Vecchi & Knutson 
argue that the existing proof for the increasing TC activity over a period of the last 125 
years are not very consistent (Vecchi & Knutson 2008:3580-3581,3585,3588). 
 
Because of the high multi-decadal variation of TC counts and the lack of reliable long-
term observations, it has been difficult to prove a causal connection between global 
warming and increasing hurricane activity (Semmler et al. 2008:1, Hetzinger et al. 
2008:11). Due to the very restricted amount of data, the AMO is also a poorly 
understood phenomenon of climate alternation according to Hetzinger et al. (2008:11). 
Thus, it has been hard to know if the recent rise in TC activity is brought about by 
natural variations or by human induced global warming. Hetzinger et al. present a coral-
derived proxy record showing SST and precipitation changes over a period from 1918 
to 2004. The 1.15 m core of Caribbean brain corals called Diploria Strigosa was drilled 
outside the northern Venezuela in 2004. The proxy record correlates highly with 
historical SST and precipitation data collected at the study site. There is also a 
statistically significant relationship between the coral record and both the ACE index 
and the PDI. Thus, longer coral records could be used to indicate a more reliable trend 
in the North Atlantic SSTs (Hetzinger et al. 2008:11-13). 
 
Bye & Keay (2008:556) present a new index for cyclogenesis regions, which is based 
on SST and evaporation data. A strong negative spatial gradient of evaporation in 
relation to SST is favorable for TC development and thus, the index clearly shows why 
TCs are mostly developed in the central Caribbean instead of the Venezuelan and 
Colombian coast. It also indicates a SST dipole anomaly between the Atlantic and the 
Pacific basins since positive SST conditions and negative evaporation conditions in the 
south-central zone of the North Atlantic basin are favorable to the TC activity. 
According to the model prediction over the period from 2051 to 2080, there will be an 
early TC season maximum in June and a late season maximum in September and 
October instead of having just the current season maximum in September (Bye & Keay 
2008:556-559). 
 
Modeling done by Vecchi & Knutson (2008:3593) shows that there has been decreasing 
TC activity in the western North Atlantic basin whereas the activity has increased in the 
eastern part of it during the 20th century. Therefore, they argue that land falling TC 
count series have a different kind of behavior when compared to basin-wide TC records 
(Vecchi & Knutson 2008:3593,3595). Landsea (2005:E12) presents a record of 
landfalling TCs in the United States over a period from 1900 to 2004. This continental 
DPI count indicates near-average values since the 1990s whereas the TC activity was 
far more extreme from the 1930s to the 1960s (Landsea 2005:E12). 
 
Even if there is a clear link between anthropogenic global warming and growing TC 
activity, increasing greenhouse gases might make the overall environment less favorable 
for cyclogenesis by changing other important factors such as vertical wind shear, 
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ambient relative humidity, static stability (Vecchi & Knutson 2008:3581), and 
convective available potential energy (Semmler et al. 2008:2). Several climate model 
simulations have exhibited rising Atlantic TC frequency and intensities during the 21st 
century. A recent study by Semmler et al. (2008:1,14) shows fewer TCs in all but 
increase in number of high-intensity hurricanes over the period from 2085 to 2100. 
They used a regional climate model (Semmler et al. 2008:1,14). Opposite views exist as 
well. For instance, Knutson et al. (2008:359) have simulated a reduction in North 
Atlantic TC frequency under warmer climatic conditions of the 21st century by using a 
regional model forced with observed SSTs and atmospheric conditions such as winds, 
temperatures and relative humidity. Knutson et al. suggest that the local tropical 
Atlantic SSTs are not warming more rapidly than the other tropical basins during the 
21st century and therefore, there will be atmospheric conditions that do not favor 
cyclogenesis. During the 20th century, changing SST gradients in the North Atlantic due 
to more rapid warming in relation to the tropical mean SSTs have brought about 
atmospheric conditions that contribute to more active TC generation. These kinds of 
conditions include “reduced vertical shear, reduced stability of the tropospheric 
thermodynamic profile and increased potential intensity”. They conclude that the recent 
North Atlantic TC frequency increase is rather caused by the growing gradient between 
the local and the mean tropical SSTs than solely by the increasing local SSTs (Knutson 
et al. 2008:359,363). Vecchi et al. (2008:687-688) emphasize that both the absolute 
local SST record and the relative SST record correspond with the Atlantic TC activity 
count until the mid-2020s. They mean that the recent TC activity change still fits into 
limits of natural variability if it depends on the change in the relative SST and therefore, 
the TC activity increase should not be in direct proportion to the anthropogenic global 
warming (Vecchi et al. 2008:687-688). 
 
In summary, the North Atlantic SSTs have been increasing since the early 20th century 
and the recent increase is likely to be caused by global warming. The reviewed research 
papers agree on the connection between SSTs and TC activity in the North Atlantic. 
Nevertheless, there are also other factors such as atmospheric conditions regulating 
cyclogenesis. These different factors including SSTs are also linked to interannual 
natural climate alternations. Within the reviewed research articles, there are different 
views on how TC frequency and intensity has been changing over the 20th century. To 
begin with, there are several ways to define and measure TC frequency and intensity 
and therefore, it is hard to compare between different studies. Secondly, century-long 
records are not very reliable due to varying observation methods. On the other hand, 
more reliable counts since the 1970s are not long enough to show long-term changes. In 
addition, basin wide records might be very different in comparison to count series of 
landfalling TCs. In other words, even though the North Atlantic TC activity is 
increasing, it might not signify that frequency and intensity of landfalling TCs is 
increasing in a same way. Due to the links explained above, it is likely that the recent 
increase in the North Atlantic TC activity is connected to the climate change, which is 
also supported by the studied articles. However, the future TC activity progress is 
highly unclear and hard to model. It is difficult to include all different affecting factors 
as parameters in a model since it is not well understood how these factors might change 
due to global warming and how possible changes might impact cyclogenesis. It is also 
hard to try to forecast a future record since the past is not well known. In addition, 
models always present a simplified reality and thus are uncertain. 
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3.2 Resilience, vulnerability, and adaptation 

 
According to Janssen et al. (2006:241), the term resilience has been used in ecological 
studies since the 1970s whereas the term vulnerability has emerged in relation to 
research on natural hazards. Later in the 1990s, the vulnerability approach was adapted 
by the work on environmental change. Traditionally, resilience studies have been based 
on mathematical models while vulnerability research has concentrated more on 
comparative case studies. In recent years, these two concepts have been more and more 
integrated in the field of the human-induced global environmental change (Janssen et al. 
2006:240,241). According to Folke (2006:253), the resilience approach has recently 
been used to study social-ecological systems’ dynamics. The concept adaptation has 
been used in anthropological studies since the beginning of the 20th century but in the 
1990s, it was introduced into the research on global climate change (Janssen et al. 
2006:241). However, Smit & Wandel (2006:283) argue that the adaptation term was 
originally used in evolutionary biology (Smit & Wandel 2006:283).  
 
Folke (2006:254) states that within old ecological scholars, resilient systems referred to 
infinite and stable settings with restricted resource streams and without human 
interference. After possible human-induced external shocks, a resilient environment is 
able to repair itself and return to the preceding equilibrium state. According to the later 
multi-stable view, the resilience term was used to measure how much disturbance a 
stable ecological system can tolerate and keep on functioning before a shift into another 
stability system with different variables and links between them. Instead of trying to 
achieve a stable equilibrium, variability and change became desired in order to favor 
innovation, re-organization, and progress. Besides, surprises and uncertainty were 
understood as something unavoidable that one needs to live with. Instead of the term 
recovery, researchers preferred to use other terms such as regeneration since 
environments were seen as “complex adaptive systems”. Characteristic for these 
complex ecosystems is dynamicity, spatial heterogeneity, and interactions between 
different spatial and temporal scales. There might be very sharp or alternatively more 
gradual transitions from one regime to another. Thus, resilience is a system’s capacity to 
tolerate disturbance by self-organizing but also a system’s capacity to utilize 
opportunities offered for regeneration in the event of disturbance. Folke points out that a 
system can also be resilient without being desirable and in such a situation, it might be 
difficult to obtain a new more desirable state. According to Folke, it is important to try 
to understand social-ecological systems’ dynamics by using ideas of the resilience 
approach since human societies and ecological systems are mostly highly linked 
together without having a clear boundary. He means that a social-ecological system 
without adaptability is not only non-resilient but also vulnerable (Folke 2006:253-
259,262). 
 
In older disaster research, disasters were considered as external trigger events causing 
an interruption in a society’s normal conditions whereas normality was achieved again 
by recovery. In a vulnerability approach described by Wisner et al. (2004:10), disasters 
can emerge due to an external stress caused by a natural hazard in coincidence with 
society conditions that make the society members vulnerable. Therefore, a disaster is an 
outcome of simultaneous natural hazard and vulnerable conditions. With the concept 
vulnerability, they refer to “the characteristics of a person or group and their situation 
that influence their capacity to anticipate, cope with, resist and recover from the impact 
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of a natural hazard”. Different parts of a society might be affected in a different way in 
the event of an extreme natural hazard due to variables such as occupation, class, and 
legal status but also due to access to assets such as economic resources, knowledge, and 
social networks. Wisner et al. present the Pressure and Release (PAR) model in which 
vulnerability of a society is based on distinct root causes, dynamic pressures, and unsafe 
conditions. As a complement, they use the Access model that explain economic, 
political, and social processes giving rise to vulnerability and processes resulting in 
disaster in the event of a natural hazard (Wisner et al. 2004:10-12,49-51). 
 
According to the frequently used definition by the Intergovernmental Panel on Climate 
Change (IPCC), “Vulnerability is the degree to which a system is susceptible to, and 
unable to cope with, adverse effects of climate change, including climate variability and 
extremes. Vulnerability is a function of the character, magnitude and rate of climate 
change and the variation to which a system is exposed, its sensitivity and its adaptive 
capacity”. (Parry et al. 2007:27). Kelly & Adger (2000:325) ”define vulnerability in 
terms of the capacity of individuals and social groups to respond to, that is, to cope 
with, recover from or adapt to, any external stress placed on their livelihoods and well-
being”. They mean that both economic and social welfare is essential whereas 
institutional and socio-economic factors can restrict society’s response ability. 
Therefore, entitlements and access to resources are fundamental when trying to respond 
to external stresses (Kelly & Adger 2000:325). Adger (2006:269,270) argues that most 
of the vulnerability definitions are based on a system’s exposure and sensitivity to 
disturbance or stress and its capacity to adapt. According to Adger,”exposure is the 
nature and degree to which a system experiences environmental or socio-political 
stress”. Such external stresses differ in their duration, frequency, magnitude, and areal 
scope. ”Sensitivity is the degree to which a system is modified or affected by 
perturbations” whereas ”Adaptive capacity is the ability of a system to evolve in order 
to accommodate environmental hazards or policy change and to expand the range of 
variability with which it can cope”. Adger has made an attempt to combine the 
vulnerability approach with the prevailing theories of social-ecological systems and 
sustainable livelihoods. Vulnerability analysis of livelihoods to poverty has been used in 
food security research (Adger 2006:269,270).  
 
Adger (2006:275) argues that it is hard to try to quantify vulnerability due to its 
complex and dynamic nature. Vulnerability is highly place and time bound since only 
some parts of a society might be vulnerable and only during some specific time period 
(Adger 2006:275,276). Smit & Wandel (2006:286) add that a specific community is 
likely to be in a different way vulnerable to distinct climatic hazards (Smit & Wandel 
2006:286). Vulnerability might be difficult to measure due to vulnerable persons’ very 
subjective views on their situation and in addition, vulnerable ones do not normally 
have access to decision-making processes. Therefore, adaptive actions are often 
channeled to diminish the vulnerability of persons in better socio-economic positions 
whereas the most vulnerable ones are ignored (Adger 2006:275-277). According to 
Adger & Kelly (2000:330), there is vulnerability at different levels. Depending on 
circumstances, certain individuals and households or entire communities might become 
vulnerable. Besides, they make a difference between collective and individual 
vulnerability (Adger & Kelly 2000:330). 
 
Adger & Kelly (2000:346) present a specific Vietnamese case study in their article 
when discussing the prevailing vulnerability theory. Although some conclusions are 
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very time and place specific, they argue that several discovered policy 
recommendations might be able to reduce vulnerability also in other circumstances. 
Adger & Kelly conclude that poverty reduction, income diversification, common 
property management rights, and collective security must be supported in order to be 
able to respond to future climate change and possible climate extremes, especially in 
poor communities. They continue that it is important to focus on poor people instead of 
poor countries since the latter often have very different kinds of development interests 
than the global poor (Adger & Kelly 2000:346-348).  
 
According to Smit & Wandel (2006:282), there have been several ways to define the 
concept adaptation. They understand adaptation as ecological-socio-economic systems’ 
responses to real or predictable risk brought by changing environmental conditions. 
Therefore, adaptive actions can be carried out in advance, afterwards, or simultaneously 
when climatic stimulus takes place. Besides, adaptation may be a planned or a 
spontaneous action. There are also varying scales and thus, adaptation can occur on 
individual, household, community, national, or global level. Adaptation might be 
directed at a precisely specified climatic stress or at multiple hazards. There are 
different forms of adaptation as well, such as behavioral, technological, pecuniary, 
institutional, and knowledge-based adaptation. Required change might be just slight or 
very radical if compared with the original conditions. A system’s capacity to adapt is 
determined by factors like access to infrastructure and resources, institutional 
conditions, and social networks. The determinants can vary from very local to more 
regional, and many of them are similar to determinants constraining a system’s 
exposure and sensitivity. In addition, their significance might vary considerably 
depending on context, for instance on particular system’s structure and character. All 
these determinants are highly dynamic and varying between different times, places, 
individual, groups, and systems. Therefore, a system’s coping range is dynamic as well 
and reflects economic, institutional, politic, and social changes. Cumulative impacts of 
several consecutive or simultaneous hazard events might decrease a system’s normal 
coping range (Smit & Wandel 2006:282,283,286-288). According to Winterhalder 
(1980), the sequence of extreme events is critical for a society’s adaptation capacity, not 
just simple frequency and intensity. For instance, unpredictable flooding tends to cause 
damage as Endfield (2007) claims in her study on colonial Mexico. 
 
In the recent climate change research, the concept of adaptation has been used in several 
different ways according to Smit & Wandel (2006:284,285). For instance, vulnerability 
can be seen as an outcome or a current situation, and different kinds of rankings, 
scenario studies, and comparative evaluations between regions have been used as 
methods. Smit & Wandel argue that recommended adaptive action by these kinds of 
‘mainstream’ approaches might many times contradict and disparage local initiatives. 
Therefore, they focus on a practical bottom-up approach in their article. When using this 
kind of community-based approach, it is essential to let the community assess the past 
and the current local climatic exposure, sensitivity, coping mechanisms, and limitations 
to adapt. The main aim is to find vulnerability regulating factors and determinants and 
thus, find out how future vulnerability can be decreased by adaptation. Comprehensive 
local stakeholder participation is essential and such study material is based on 
interviews, observations, focus group exercises, and local literature (Smit & Wandel 
2006:284,285,288,289). 
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Turner et al. (2003a:8074) present a framework for comprehensive vulnerability 
analysis of coupled human-environment systems. They criticize earlier risk-hazard and 
PAR models since focusing on disturbance event is not enough to understand complex 
and often nonlinear interaction relationships between different components of a human-
environment system. Instead, Turner et al. argue that concepts of entitlement, resilience, 
and diversified coping capacities must be included in vulnerability analysis. Even 
though different society units have been taken into consideration in PAR models, 
poverty has been lifted up too often as a single variable instead of identifying other non-
economic ways to diminish vulnerability. Expanded coupled vulnerability analysis 
includes processes between various spatiotemporal scales. Both social and biophysical 
subsystems are included in the framework and therefore, coping mechanisms are based 
on human and environmental capital that can also affect each other. A system’s 
sensitivity to exposure is determined by these coping mechanisms and occasionally, 
those mechanisms can result in more comprehensive changes in a system, which is 
called adaptation. These kinds of responses to exposure and their consequences 
determine a coupled system’s resilience. Although it is unrealistic to be able to analyze 
a real human-environment system as such an entirety as proposed in the framework, 
Turner et al. suggest that the theory can be used to better understand a coupled system’s 
complexity and nonlinear interaction processes across scales (Turner et al. 2003a:8074-
8077). The framework might also help to figure out significance of global processes in 
local context, asynchronous relations between human and biophysical processes, and 
contradictory stakeholder interests (Turner et al. 2003b:8085). 
 
In summary, the concepts of resilience, vulnerability, and adaptation have different 
origins but have been more and more integrated particularly in research related to global 
environmental change. There are several distinct ways to define and analyze these terms 
but in general, most of the vulnerability approaches include a system’s exposure and 
sensitivity to environmental stress and its capacity to take adaptive actions. Some 
researchers distinguish between coping, recovery, and adaptation as different ways to 
respond to external stress. Whereas vulnerability is measured as a degree to which a 
system is unable to cope with environmental disturbance, resilience is a system’s 
capacity to tolerate such change through reorganization. Therefore, change seems to be 
considered as something negative in many vulnerability approaches while in resilience 
research, disturbance might be desired because it gives opportunities for regeneration. 
There are different views on how a society’s adaptation capacity should be measured. 
The most comprehensive vulnerability frameworks are said to make it easier to see links 
between complex interactive processes across scales. In my opinion, analysis might get 
too complicated if it is even difficult to distinguish between different terms used. For 
instance, recovery and coping both consists of short-term responsive actions taken just 
before, during, or right after a climatic hazard. In this study, vulnerability is understood 
as the degree to which a socio-ecological system is exposed, sensitive, and resilient to 
environmental stress caused by TC related flooding. Exposure is the nature and degree 
to which a system experiences such environmental stress whereas sensitivity is the 
degree to which a system is affected. Resilience is a socio-ecological system’s capacity 
to respond to TC related stress through coping and adaptation. A system’s capacity to 
adapt is understood as a more exhaustive change in a system. 
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4. Methods and sources 
 
Empirical material of this study is based on rain station data, disease statistics, 
published and unpublished local literature, aerial photographs, observations, semi-
structured interviews with key informants and specialists, and semi-structured 
interviews and focus group discussions with local people. Field work was carried out in 
Corinto, Chinandega, and Managua over a period of twelve weeks from November 
2008 to February 2009. 
 
In the beginning of the field work period, short meetings with Managua-based 
authorities and reading of local literature helped to figure out how severe the problem of 
TC related flooding has been in Corinto. The first three-day visit to Corinto was carried 
out in the end of November. During this visit, contacts with local authorities were 
established and several semi-structured interviews with elderly persons were conducted 
with the intention to understand what kinds of questions can be asked in relation to 
historical TCs. This was a problem realized already in the beginning of the project since 
it is hard to get informants to remember past climatic hazards. In Corinto, TC related 
flooding occur so often that it is difficult to distinguish between different events and to 
remember when particular events happened. During these initial interviews, I could also 
better understand the problem of flooding in Corinto and how it has been changing over 
time. In addition, important information concerning different vulnerable housing areas 
was gained enabling the choice of suitable case study areas. However, specific 
information given by these initial interviews has not been used in this thesis.  
 
The second field visit was in December and the third in January, in total over a period 
of five weeks. Two different case study areas were chosen, the geographically 
peripheral and informally developed El Humito/Rompeolas and the geographically 
central and more formally developed La Isla Del Amor (see figure 2). Both housing 
areas have been built on mangrove marsh due to lack of land since the early 1960s. El 
Humito is the more recent one with the first inhabitants moving there in the late 1970s. 
Today, El Humito/Rompeolas is one of the most marginal zones in Corinto whereas La 
Isla Del Amor has reached a more prosper status (INIDE 2008, Internet). The most 
important criterion in the case study area search was to be able to find at least ten 
families that have been living in the same zone for at least 30 years. Once the case study 
areas were chosen, local leaders helped me to find suitable households and to make 
contact with them. However, I could decide by myself which families I wanted to 
interview and therefore, the local leaders only gave me alternatives instead of ordering 
which families could be interviewed. In most of the cases (18 out of 20), the leaders 
were not present during the interviews. During some interviews, other persons in 
addition to the interviewed were present. Each interview lasted from one to two hours 
and they were recorded. A timeline over the interviewed person’s life was drawn in 
order to make it easier to remember and relate past events. Twenty interviews were 
carried out in total, ten in El Humito/Rompeolas and ten in La Isla Del Amor. A 
questionnaire (see appendix A) was used during the interviews to make sure that the 
same questions were asked during each interview. However, questions were not asked 
in a predetermined order and additional questions outside the questionnaire could be 
asked if it felt necessary. After individual interviews, a focus group discussion was 
carried out with the same informants in each case study area. These discussions took 
approximately 1.5 hours and were recorded. A predetermined discussion schedule (see 
appendix B) was used and some maps and timelines were presented during the 
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discussion in order to make it easier to relate to different TC events. A few individually 
interviewed persons were absent during the focus group discussions even though all of 
them were invited. All the interviews were conducted in Spanish. Since many of the 
interviewees were illiterate it was often difficult for them to exact years. Therefore, it 
was important for me as an interviewer to know exactly when important historical 
events took place in Corinto and in Nicaragua. For this purpose, a historical timeline 
was constructed in the beginning of the field period (see appendix C).  
 

 
Figure 2. Case study areas of geographically peripheral 

El Humito/Rompeolas and geographically central La Isla Del Amor. 
 
During the second and the third field visit, several meetings and semi-formal interviews 
with local authorities and important key informants were realized in Corinto and in 
Chinandega. During some of the interviews, a list of predetermined questions (see 
appendix D) were used. Different parts of Corinto were visited using local guides in 
order to understand different processes linked to the vulnerability to TC related 
flooding. These visited sites include several affected neighborhoods, the port area, the 
meteorological station, the naval base, several islands around Corinto, and the estuary 
surrounding Corinto. I also had a great opportunity to live with a local family during my 
stay in Corinto. Thus, I could daily discuss my field observations with persons who 
have been regularly affected by inundations. 
 



From dump-sites to resilient urban residence areas 

 13

The rest of the field period time was used to find additional information in Corinto, 
Chinandega, and Managua. This information includes historical precipitation and wind 
velocity data, data over prognosticated tidal water altitudes, historical and recent aerial 
photographs, disease statistics, historical newspaper articles, and local studies and 
literature found in different libraries, universities, book stores, and ministries. Local 
studies, articles, and books have been used as a source to a limited extent in this study. 
In general, sources and references are poorly presented in the local literature and 
therefore, it is not always easy to know how reliable they are. Anyhow, they have been 
used in some parts of this thesis since other literature concerning Corinto is not 
available. The given information has been mostly double checked by asking local 
informants. Concerning meteorological data, some years are lacking due to failure in 
measurement equipment and partially due to political conflicts such as civil war. Even if 
the persons working at Corinto’s meteorological station claim that the data is highly 
reliable, there might be measurement errors. However, the data has been compared with 
data coming from other meteorological stations around Corinto and therefore, its 
reliability has been increased in suspicious cases. It is good to notice that Corinto’s 
meteorological station’s location was changed from the central port to the peripheral El 
Humito in the late 1970s. The aerial photographs have been mostly used to double 
check information received during interviews. By using TC records (see Baca et al. 
2001:15-17; INETER 1998:25,46-47; Wheelock Román 2000:159-163) and data from 
the initial interviews, seven different TCs were chosen for comparison. 
 
 

5. Port of Corinto  
 
Corinto is the main port of Nicaragua and is situated in the department of Chinandega in 
north western parts of the country (República de Nicaragua, SINAPRED & Secretaría 
Ejecutiva 2005:3). The town of Corinto is located on a peninsula called Isla Aserradores 
that is 8 km long and from 0.5 to 2.5 km wide and is surrounded by a natural mangrove 
estuary (see figure 3). Altitude of Corinto varies from 1.35 to 2.50 meters above sea 
level. Most of the local residents have emigrated from different parts of the country in 
order to search for a work at the harbor and in the commerce sector. During a period 
from 1950 to 1983, the population of Corinto increased from 4 765 to 20 249 
inhabitants. In 1993, the estimated population was something between 27 000 and  
30 000 inhabitants (Otero & van Rijn 1993:15). However, according to the latest official 
statistics, the population was only 16 624 in 2005 (INIDE 2008:4). In addition to the 
harbor operations and commerce, there are fertilizer companies, a fish product plant, 
and warehousing enterprises in the town of Corinto.  
 
According to the Köppen system, the León-Chinandega region is classified as a tropical 
savannah climate with separate rainy and dry seasons. The dry season lasts from 
December to April whereas the rainy season is from May to November. During the 
rainy season, there is normally a 4-5-week dry spell called canícula during July and 
August (Moncrieff et al. 2008:184). The amount of precipitation is highest in June, 
September and October. Mean annual precipitation is 1 200 mm in lowland areas and 
over 2 000 mm in the mountainous areas. However, the amount of rainfall varies much 
between different years (Calderón Palma & Bentley 2007:1458). The climate is humid 
and hot through the year and mean annual potential evaporation is circa 2 100 mm. 
Annual mean temperature is 27C, whereas annual mean humidity is 78% (Moncrieff et 
al. 2008:184). 
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Figure 3. Municipality of Corinto consists of a small port town and its surrounding mangrove estuary. 

 
 

6. Results and analysis 
 
6.1 El Humito/Rompeolas – a neighborhood around the refuse dump 

El Humito is the most peripheral neighborhood of Isla Aserradores and it has been 
informally evolved around the municipal refuse dump (see figure 4). Until the late 
1970s, the refuse dump was located at a site where the naval base is situated today 
(Cortés García 2008, oral information). After establishing the refuse dump in El 
Humito, local people began to occupy plots there by cutting mangrove vegetation and 
filling with sand and other materials. The nearby neighborhood Rompeolas (called 
Linea Rota before) was established earlier. Some interviewed residents told they moved 
there in the 1960s. However, there are no houses in the zone in 1968 in accordance with 
the 1968 aerial photograph. By 1977, several houses have been built in Rompeolas. 
Analyzing the 1977 and 1983 aerial photographs, it is possible to see that the refuse 
dump was situated in its current location already in 1977. No houses can be found in the 
1977 photograph around the dump site in El Humito whereas several houses can be seen 
in the 1983 photograph. According to a local authority Acosta Gonzalez (2008, oral 
information), families living in the zone have occupied their plots illegally since the 
zone is not planned for living. However, a few interviewed residents told that they were 
actually given a plot by a local government representative in the late 1970s or in the 
beginning of the 1980s. Today, most of the plots except the newest ones are legalized 
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but Acosta Gonzalez emphasizes that the local government is not responsible for the 
living conditions in the zone because it is highly vulnerable and not intended as a place 
of residence. Therefore, even if many mitigation projects have been carried out in 
Corinto over the past few years, no such projects have concerned El 
Humito/Rompeolas. Another local authority Romero Perez (2008, oral information) 
considers it difficult and expensive to build a defense wall against floods in the zone 
since the dwellings have been built in a very widespread area. There is also much 
uninhabited land between most of the dwellings.  
 

 
Figure 4. Scattered housing in El Humito/Rompeolas that is 

a neighborhood built nearby the municipal refuse dump. 
 
According to the interview data, most of the families moved to El Humito/Rompeolas 
because they did not have better alternatives. Most of them had migrated to Corinto 
from other parts of Nicaragua because of better work possibilities or “to search for a life 
after a war”, as one informant puts it. Before coming to El Humito/Rompeolas, many of 
them were hiring a dwelling in other parts of Corinto or posando, moving around from 
one place to another. Because of changeable incomes, some of them did not have 
enough money to pay the rent and therefore, they had to find a new place where to live. 
Once they heard it was possible to have an own plot in El Humito/Rompeolas, they 
considered it as a preferable choice under their conditions. Most of them occupied a plot 
and began to fill it in with sand, mud, stones, waste and other materials they could 
obtain (see figure 5). After this process, they built a provisional house using materials 
like cardboard, plastic, and palm leaves (see figure 6). Even though the zone was 
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marginal, they were living close to the mangrove forest that has been an important 
resource. Many of the residents have earned their living or at least one part of it by 
selling firewood, fish, and shellfish from the mangrove. Even though the refuse dump is 
a health risk for the local residents, many of them have used it as a resource as well. It 
has been possible to earn money by selling and recycling objects and materials found at 
the dump site. In addition, one resident told that he prefers to live in El 
Humito/Rompeolas because the zone is much more tranquil than the central parts of 
Corinto. However, all the observations indicate that most of the residents moved there 
because they didn’t have other alternatives. Many of the residents’ children have also 
chosen to stay in the zone. For instance, one informant’s all seven children live in El 
Humito with their families. Many of the newer residents still live in more provisional 
houses often built on a lower plot whereas the oldest residents have been mostly able to 
raise their plots and to build a less vulnerable house with all services.  
 

 
Figure 5. An occupied and partially raised plot. 

 

 
Figure 6. Provisional housing nearby the refuse dump. 

 



From dump-sites to resilient urban residence areas 

 17

Poverty, living conditions, and aid in El Humito/Rompeolas 
 
It is quite difficult to know a family’s poverty level and to try to list a family unit’s all 
income sources in a highly informal society. For instance, one interviewee considered 
his family as rather poor even though he had been able to give a higher education to his 
children, owned a car and lived in a considerably better house than many other residents 
in the zone. Another one told to have quite good conditions even if she still has some 
plastic walls in her house and never has had a formal employment. In addition, she has 
been a single mother of ten children and obviously, has not been able to offer some 
higher education for them. Families can also prioritize different things. For instance, 
one low-income family had decided to invest their scarce economic resources in such a 
way that they were not very affected by TC related flooding. They lived in a proper 
house that was donated, they owned chicken and pigs, and unlike many other families in 
the zone, they had a refrigerator and even rubber boots that can be used during rainy 
season. 
 
In general, poverty and poor families’ vulnerability seem to be a complicated issue in El 
Humito/Rompeolas and in the other marginal neighborhoods of Corinto. The local 
government helps poor families by building donated houses that are obtainable for 
everyone regardless of families’ political background and other similar factors. A 
family can get a new house or renovation of an old house by paying 100 or 200 US 
dollars in several installments. However, Acosta Gonzalez (2008, oral information) 
states that many poor families have sold their donated houses after paying the last 
installment. Afterwards, these families have occupied a new vulnerable plot in the 
mangrove zone or on the coastal protection wall to be able to build a new provisional 
dwelling. Therefore, it seems that many poor families are more interested in investing 
money form other purposes than form a safe housing. The same kind of behavior has 
led to problems during TCs, for instance during Alma in May 2008. According to 
Acosta Gonzalez, poor evacuated families were given zinc sheets in order to help them 
to repair roof damages caused by the storm. However, several families sold the sheets 
instead of repairing the damaged roofs. Besides, some families actually damaged their 
house roofs by themselves after the storm to be able to get some new zinc sheets 
(Acosta Gonzalez 2008, oral information). Several other informants including local 
residents have confirmed Acosta Gonzalez’s account. This can be very problematic 
since some families who really need help can be left without. In addition, donors and 
aid organizations might reduce their donations because of the behavior described above. 
On the other hand, the donated objects might be totally useless when a family urgently 
needs to buy food items or other more necessary items.  
 
 
Flooding in El Humito/Rompeolas 
 
According to República de Nicaragua, SINAPRED & Secretaría Ejecutiva (2005:6), the 
major threat of flooding in El Humito is caused by high tidal waters. Because some of 
the houses adjoining the road are built on plots under the road level, these dwellings are 
at risk every time in the event of high tides, especially during extremely high tidal 
waters in March and October. As a recommendation given by the authors, the houses 
should be built on a higher level (República de Nicaragua, SINAPRED & Secretaría 
Ejecutiva 2005:6). During interviews with the local residents, every single informant 
stated that there is a risk of inundations in El Humito/Rompeolas. From the beginning, 
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houses built in the zone have been regularly flooded by tidal waters. One interviewee 
told that even daily high tides entered inside her house. Even though this kind of 
flooding get house floors and objects wet, the flood water doesn’t get blocked somehow 
and can freely flow back into the estuary after a few hours. Only in some dwellings 
water could get blocked inside the house and tools like buckets or brooms had to be 
used to get rid of the water. For the local residents, this kind of flooding is something 
normal they are used to even if it can cause some problems. One informant told that he 
could wake up in the middle of the night and see things floating in the flood water that 
had filled the house when he hadn’t remembered to lift them to a higher level before 
going to sleep. Sometimes, food items were spoilt due to dirty floodwaters and smaller 
articles like shoes were brought by tidal waters. Today, the visited families have raised 
their plots and houses so much that only a few dwellings are still affected by tidal 
waters and in those cases, merely by extremely high tides twice a year. 
 
Every interviewed local resident told that the neighborhood El Humito/Rompeolas gets 
inundated when there is a coincidence of high tidal waters and intense rainfalls caused 
by TCs. In this case, high tidal waters refer mainly to extremely high tides that normally 
appear twice a year in March and October. One interviewee told that inundations are 
strongly linked to inadequate drainage and poor quality housing. For instance, one 
family could not afford a roof when living in their first house and therefore, everything 
got wet inside the house during rainfalls. Hereby, flooding of households might be 
socioeconomically associated, partly depending on the poverty level of the household 
but also on its educational level reflecting on what kinds of investments are prioritized. 
Some households have pipes or outlets and therefore, rain waters can easily run into the 
mangrove estuary. In addition, the plots are normally slanting and situated at a higher 
level than the estuary making it easier for rain waters to flow to the sea. Thus, the 
situation gets problematic when an extremely high tide is hindering rain waters’ normal 
flow. Because high tides begin to go down almost immediately after reaching the peak, 
the rain waters can not normally get blocked for a longer time though. One interviewee 
told that the flood waters can stay inside his house for 1.5 hours in case of a high tide 
and from three to four hours if there are intense rainfalls at the same time. Another 
informant stated that floodwaters are rapidly ‘consumed’ in the zone if they get blocked 
for some reason. In her opinion, the absorption begins when rainfalls stop and it takes 
from two to three days to get rid of the blocked water. According to Baca (2008, oral 
information), an engineer at the Nicaraguan Institute of Territorial Studies (INETER), 
TCs turn normally westerly wind direction into easterly outside the Nicaraguan Pacific 
coast. These strong winds cause increasingly short wavelength between crests or in 
other words, increased wave frequency. As an outcome, there is accumulation of sea 
water in the coastal parts since waves can not return in a natural way. In the case of 
Corinto, there is an estuary that can gather sea water and also easily become 
overflowing because of its shallowness. Thus, high tides can be much higher than 
normally in the event of a TC. Therefore, in Baca’s opinion, there might be TC brought 
inundations in Corinto even without having rainfalls. It is probable in a case of TC 
though that easterly storm winds bring humidity from the sea. If this is not the case, 
there might also be inundations caused by intense rainfalls in upstream areas outside 
Corinto because of increasing river discharge in downstream areas like Corinto (Baca 
2008, oral information). 
 
Thus flooding seems to be a rather frequent but not a life-threatening problem in El 
Humito/Rompeolas, which causes different kinds of damages. Many informants have 
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lost income because it is not possible to work during or right after an inundation. For 
instance, harbor workers mostly get paid related to the actual worked hours. Even full-
time workers do not get any salary if there is no work in the harbor due to a TC. 
Fishermen can not go to fish, woodcutters can not sell wet firewood, and construction 
work is interrupted during TCs. Often, it takes time to repair damages at home and 
therefore, the local residents can not work outside home after a TC. One harbor worker 
told that there is normally less work in the harbor in October and November, but he was 
not really sure if it is caused by TCs or by other factors. One informal worker could not 
work during intense rainfalls but according to her, it does not affect her economic 
situation at all since she always has some saved money and stored food. All the 
interviewees except one person stated that food prices rise after a TC. Sometimes it 
simply becomes impossible to buy any food as a combined effect of higher prices and 
lack of economic resources. Due to wet firewood, it can be difficult or impossible to 
cook after intense rainfalls. This might be problematic because of the diet mainly being 
made up of rice, beans and plantain. During and after TCs, there are also more 
electricity shortages than normally. During rainy season and especially after intense 
rainfalls caused by TCs, amount of mosquitoes increases in the zone. It seems that the 
local residents, especially children, get more easily ill during rainy season and also after 
intense rainfalls caused by TCs. Typical illnesses and symptoms are flu, cold, malaria, 
dengue, pneumonia, diarrhea, fever, and cough. According to one informant, malaria is 
not a real problem since it can be treated easily with medicine. One interviewee told that 
there can be also lack of medicines at the hospital because so many persons get ill at the 
same time. It seems anyway that illnesses are not such a big problem in the zone as one 
could expect.  
 
If rainwater enters inside a dwelling, material damages can be many. The floor 
obviously gets wet and if it is not covered, resulting sludge can easily cause fungal 
growth and rash. Besides, house walls can become dilapidated, especially if salty tidal 
waters can reach the dwelling. Objects inside dwellings get wet and dirty and can be 
damaged by humidity even if the rainwater does not enter inside the house. Things that 
often get wet include documents, clothes, food items, TVs, and furniture like beds. 
After a TC, it takes time to clean and disinfect the house and the yard, wash all the wet 
clothes, and acquire new documents. There have been evacuations in the neighborhood 
during TCs but most of the families have never been evacuated. Almost all of them 
prefer to stay at home because risk of robberies is too high if no one is at home. One 
poor woman expresses quite a common opinion: “If we are going to die, we are going to 
die where we were brought up, because we were born to die. We pray to the Lord 
because only Him, He is the only one who can protect us.” As it appears from the 
quotation, the local residents are often deeply religious and they seem to rely on God’s 
will. Only one of the interviewed residents is used to evacuate herself and her family. 
Because a neighbor has been watching over her house, she feels it safe to leave the 
house empty.  
 
One local resident is not affected at all by TCs according to his own words. However, 
he thinks that there might be more problems in the zone in the future because of climate 
change. Another interviewee states that El Humito is not anymore very vulnerable to 
flooding caused by TCs. In her opinion, a possible tsunami might yield destructive 
damages. 
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Actions taken to cope with and to adapt 
 
During or just before TCs, certain actions can be done in order to minimize damages. 
Actions taken before storms might be problematic since many times, it is difficult to 
know beforehand how a TC will affect the zone. There are many false alarms and 
therefore, it is hard to prepare for each alarm given by the authorities. Many 
interviewees store things like documents, clothes, food items and liquids in plastic bags, 
boxes and higher places during rainy season. Bigger objects like TVs are covered by 
plastic. However, things can easily get damaged even though they are covered by plastic 
or put in plastic bags. Plastic can also be used above beds to prevent getting wet when 
sleeping. Sometimes storm winds tear off pieces of roof or walls and cardboard or 
plastic is used to patch up damages already during a TC. Some informants also dig a 
ditch in their yard in order to facilitate rain waters’ course. One interviewee normally 
stays on the road with his family instead of being inside the dwelling since the road is at 
a higher level. As told before, evacuation is not really an alternative for most of the 
residents even if it might be possible to get evacuated. 
 
Right after TCs, much work must be done at homes and yards. As written above, 
dwellings, the surrounding area, and objects must be cleaned and washed. One family 
having a soil floor fills with sand inside the house in order to get rid of sludge. They 
also put stone pieces on the floor to be able to walk inside the dwelling without getting 
wet. Normally, Ministry of Health (MINSA) and the Red Cross have vaccination, 
worming and fumigation campaigns right after TCs. Hygiene recommendations are also 
given and stagnant waters are treated in order to get rid of mosquito larvae. According 
to one interviewee, the yard must be kept clean in order to prevent illnesses because the 
family does not have economic resources for treatment. If families do not have enough 
resources to buy food, they try to find out possibilities to buy on credit or to borrow 
money, or they simply eat less than normally. According to one interviewee, pine trees 
can be chopped up for firewood when wet mangrove wood can not be used. Several 
interviewees try to minimize amount of mosquitoes by eliminating favorable breeding 
ground such as pails, dishes, and tires with stagnant water. Almost all of them also use 
smoke spirals and fans, and a few of them also mosquito nets and insecticides. To avoid 
flu, especially the children are dressed in warm clothes. Even if it is obvious that there 
have been different kinds of aid campaigns in the neighborhood, most of the 
interviewees stated that they have never received any kind of help from organizations or 
the local government. However, the local government, the church, and international 
organizations such as the Red Cross have offered aid for the residents. For instance, I 
witnessed a lunch event at the church before Christmas when the local children were 
given food and toys. Some mothers also received shoes, clothes, and breast milk 
substitute. All the neighborhood residents were invited regardless of the church 
membership. One resident stated that it is possible to get aid from the local government 
even though she personally never needed to ask for that kind of help. Another resident 
finds it shameful to ask for help but she does not refuse if something is given. 
According to some others, it is possible to get medicines for free if needed. Some of the 
informants can be able get economic help from their children if needed but since 
emigration is not generally practiced in the zone, only a few families have possibilities 
to get that kind of aid. Normally it is not possible to receive help from neighbors 
because all the local residents are in a same kind of situation in the event of a TC. 
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In addition to the actions named above, the local residents have taken more long-term 
actions, which can be considered as adaptation. All of them have been forced to raise 
their plot and many of them have built a better house in order to reduce the flood 
impact. In a zone like El Humito/Rompeolas, it is important to have a proper house with 
a roof, floor, and windows and doors that can be closed. Some of them have also built 
drainage, pipes, outlets and walls made of blocks, sand, soil, stones, waste, or 
brushwood. Many drainages and walls need to be repaired continuously since flood 
waters undermine them. Even thresholds have been built to prevent floodwater from 
entering inside the house. Many families have mostly plastic furniture that can not be 
ruined by flood waters. To raise furniture like beds and refrigerator, stones are placed 
under them. A few residents have invested in rubber boots in order to prevent illnesses 
like flu and fungal growth. Some interviewees try to store food items and water that can 
be used during and after TCs when prices go up. However, this kind of behavior 
demands some planning and spare funds and is therefore difficult to carry out for the 
poorest residents. In addition, bigger containers need to be bought to be able to store 
water. Most of the interviewed residents told they are not able to store some food items. 
One family has bought an energy generator to avoid problems caused by frequent 
electricity shortages. It can facilitate life during and STs even if it was not bought for 
that reason. 
 
In El Humito/Rompeolas, the residents do not normally consider emigration as a 
solution. Many of them have never thought about emigrating. Some of them told that 
emigration is too expensive and far too risky as well. They know families that have sold 
everything they own before emigrating and used all the money for the journey. In a new 
country, they might have been turned back or it might have been too difficult to find 
work. Thus, these families have been forced to move back without any resources. Some 
interviewees also stated that it might have been possible for them to emigrate but they 
simply prefer to live in Corinto. Only one interviewee’s children live in the United 
States. The family was very poor in the beginning when they settled down in 
Rompeolas but a few years ago, they were able to buy a new plot with a better house 
with the assistance of their daughter. A few other families have some relatives living in 
foreign countries but they do not get any economic help from them. Many families have 
raised their plot that much that under existing conditions, they are able to cultivate some 
trees above salty mangrove soils. Almost all the families have at least trees like guineo 
plantain, coconut, mango, almond, lime, pawpaw, and jocote. One interviewee has 
managed to cultivate corn, beans, and pumpkins on her plot in El Humito. According to 
this single parent, she worked on her family garden at night time since she was too busy 
with her children in the daytime. Two families have set up a small farm in Rompeolas. 
In addition to the trees named above, they cultivate rambutan, guava, green plantain, 
bell pepper, eucalyptus, orange, and lemon. Thus, it is possible to cultivate in the zone 
regardless of the highly unsuitable soil but it requires hard work and some kind of wall 
preventing floodwaters’ entry from the estuary. Many of the families also have chicken 
and pigs. 
 
 
Changes in mangrove marsh 
 
Due to firewood felling, refuse dump existence, and lacking sanitation, there are many 
environmental problems in El Humito/Rompeolas. Mangrove wood has been cut for 
firewood and building material by local residents. Many interviewed local residents 
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state that the remaining mangrove wood is too thin to be used for house building. 
Before, there was also more mangrove wood in the zone in the local residents’ opinion. 
One interviewee told that firewood vendors take living green wood instead of dry parts 
of wood and therefore, mangrove trees can not reach their full growth. Even sewage 
from toilets running untreated into the estuary has been contaminating the mangrove 
forest. Several interviewees think that today’s TCs are stronger because the mangrove 
zone is not protecting against storms in a same way as before. It might be that storm 
winds are experienced as stronger today than before. For instance, Alma caused many 
wind damages in 2008. In addition, almost all the residents told that it is hardly possible 
to find shellfish in the zone anymore. A few of them specified that the mud can be 
warmed too much by the sun due to the deforestation and thus, the forest is not a 
favorable living environment for shellfish anymore. Because of recently constructed 
shrimp farms outside Corinto, there are no shrimps and fish in the mangrove zone 
anymore in a few interviewees opinion. Shrimp farm owners, mostly well-off 
Nicaraguan families, have also felled large areas of mangrove forest to be able to build 
cultivation ponds.  
Besides, illegally practiced bomb fishing has negatively affected the local fish 
population according to a few interviewees. One local resident adds that fishnets are put 
in the estuary entrance and therefore, small fish can not enter into the mangrove zone as 
easily as before. Only one interviewed local resident stated that the mangrove zone has 
not been changing at all. In her opinion, the forest has been able to recover since 
firewood vendors go more far away to cut mangrove wood. According to one 
interviewee, it is positive that besides mangrove species, other tree species can also be 
found in the zone under existing conditions. 
 
The municipal refuse dump is a great source of contamination for the residents living in 
El Humito. According to one interviewee living close by the dump, objects like dead 
horses and tires are burnt there causing irritating smoke. One interviewee considers it 
unhygienic that local residents dump waste everywhere in the zone. A few interviewees 
mentioned that sea water rise caused by global warming will be a serious risk in 
Corinto. 
 
 
6.2 La Isla Del Amor – a neighborhood built on a sand deposit 

The neighborhood called La Isla Del Amor has been built on marshland that regularly 
got flooded by tidal waters. Before, there were some scrubland in the middle of the mud 
and since local people went to fall in love there, the site became known as La Isla Del 
Amor (= the Isle of Love). According to a few interviewees, the bay was dredged 
around 1957 and the sand was dumped in a place where the neighborhood is located 
today. It was not planned as a housing area. Rather, it was a sand deposit in the very 
beginning. The first interviewed residents moved to La Isla Del Amor in 1963. 
According to them, there were only some four or five houses in the zone during that 
time. Today, there are four parallel streets and a connecting main street in the zone (see 
figure). The first street was built in the beginning and the following streets afterwards 
(see figure 7). The forth street was constructed in the mid-1980s even if there were 
houses there since 1980. The zone is highly urbanized with houses built very close to 
each others having shared walls and closed backyards surrounded by other plots. There 
are only a few uninhabited plots in La Isla Del Amor. In the 1990s, a new neighborhood 
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called El Playón was built behind La Isla Del Amor on a new land raised out of the 
estuary. 
 

 
Figure 7. Dense housing in La Isla Del Amor that is a neighborhood built 

on a sand deposit. Arrows indicate the direction of floodwaters during high tides. 
 
All the interviewed residents were renting or living in a family member’s house before 
they were given or bought their own plot in La Isla Del Amor. Some of them did not 
have enough money to pay a rent anymore and therefore, they asked if they could get a 
plot in this new neighborhood. In the beginning, the Army donated plots to poor women 
who did not have any dwelling. One interviewee’s mother was so desperately looking 
for an own piece of land that she asked for a plot that even could be placed in the 
middle of the estuary. The interviewees, who came later after 1967, bought a plot in the 
zone. Some of them had been renting in La Isla Del Amor before buying an own plot 
there and wanted to stay since they liked the zone and had become familiar with it. 
During that time, plots were also cheaper there than in other parts of Corinto. In the late 
1960s, a plot in La Isla Del Amor could cost some 1000 NIO (= Nicaraguan Córdoba) 
whereas it was needed to pay at least 3000 NIO in other more established 
neighborhoods. Today, most of the interviewed residents like the neighborhood. It is 
very central and according to the observations, it is not affected by inundations that 
much anymore. In the beginning, La Isla Del Amor was a housing area for urban poor 
but today, many of the residents seem to have rather good economic conditions. Instead, 
the neighboring El Playón has become a new low status housing area.  
 
When the interviewed residents got or bought their own piece of land, it was mostly just 
pure mud and marsh. A few of them bought though a plot with a little provisional 
house. Before being able to build a house, they had to fill in and raise their land with 
different materials like mud, soil, stones, board, wood, cement, and solid waste. In the 
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beginning, the zone was flooded by high tides at least once a month. Many of the 
families were able to build merely a provisional house in the beginning, often made of 
materials like plank, mangrove wood, plywood, cardboard, and plastic. Mostly, these 
dwellings had a soil floor and a roof made of roof tile, zinc, and tinplate. Later, some 
families built a completely new house whereas others upgraded their house little by 
little by extending it and using better building materials. Most of the early residents 
built a new house in the late 1970s or in the beginning of the 1980s, whereas the 
interviewed residents of the forth street were able to build a new house in the 1990s. 
 
 
From poor housing conditions to a rather good living standard  
 
Most of the interviewed families had quite poor conditions in the beginning when they 
decided to move to La Isla Del Amor. However, when compared with the interviewed 
residents in El Humito/Rompeolas, it seems that La Isla Del Amor residents did not 
have such extreme circumstances with no choices at all. As young, almost all of them 
were able to study at least until the forth grade of primary school. Today, a few of them 
have even a higher education. Most of them including their spouses have actually had a 
permanent formal employment such as harbor worker, electricity worker, shrimp 
packer, caretaker, government official, or administrator. Some of them were also self-
employed working as a dressmaker, domestic worker, stall holder, or proprietor of a call 
centre. Many had also more informal business in addition to their permanent work or 
position as a housewife. For instance, they could sell different food items at home 
including ice, fried food, cakes, fish, ice cream, fruits, guts, tortillas, corn, milk, eggs, 
soft drinks, and bread. 
 
In the 1960s, there were only a few houses that had a tap water connection in La Isla 
Del Amor. Therefore, the others could buy water from these families. One interviewee 
told that they used well water for doing the laundry and the dishes even if it was very 
salty due to the salt water intrusion. The early dwellers could get electricity and tap 
water connection by the end of the 1960s because the local government realized that 
many dwellers had permanently settled down there. Some of the later residents did not 
have electricity and tap water connections before the late 1980s. Most of the 
interviewed families have had a septic tank or a pit latrine from the very beginning even 
though before, some dwellings had a pontoon with a toilet built over the marsh in such a 
way that excrement was taken by tidal floods. Today, many houses are connected to the 
sewage system but the service is not working yet. However, at least one interviewee 
told that she could not afford the connection since she was not able to buy a pipe needed 
for it. Many of the families have also a telephone connection, refrigerator, and freezer. 
All the families have a gas kitchen but most of them still use firewood as a fuel to 
varying extent. Household waste is collected twice a week in La Isla Del Amor since 
the 1990s. Before, the waste was burnt, buried in order to raise the plots, or dumped in a 
way that it could be taken buy tidal floods. Today, it is prohibited to burn waste in the 
central parts of Corinto. In accordance with the observations, some families still use 
burning as a main manner to get rid of the household waste in spite of the ban. Today, 
all of the interviewees’ houses are built of better materials like block, wood, and 
concrete. All the dwellings have a roof made of zinc or roof tile and a floor made of 
brick, floor tile or ceramic tile. 
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A few of the interviewed families are still quite poor because of problems to find 
employment or because of not being able to work anymore due to an illness. When 
compared with the residents of El Humito/Rompeolas, the prevailing living standard is 
considerably better in La Isla Del Amor. Even if the families have sometimes 
difficulties to buy more expensive food items like meat due to the recent rise in food 
prices, they still can afford quite a varied diet consisting of rice, beans, potatoes, soup, 
vegetables, bread, cheese, eggs, milk, chicken, fish, and meat. Some of them told that it 
was much cheaper to buy food during the Somoza government in the 1970s. One 
interviewee made it clear that even if food prices are higher today, people are actually 
getting better salaries than before. It is quite obvious that pensioner had more resources 
to use for food before when they still worked, especially if prices have gone up recently. 
A significant difference between El Humito/Rompeolas and La Isla Del Amor regarding 
families’ living standard is that the residents of the latter have been able to improve 
their conditions thanks to emigration. Three interviewees had been working or living 
partially in the United States. A few others had been working in foreign countries like 
Costa Rica, El Salvador, and Guatemala. Almost all of the families had a few children 
who had emigrated to the United States, Hungary, or Central American countries. The 
families that did not have any members living outside the country were obviously also 
the ones having the most marginal living conditions.  
 
 
Flooding in La Isla Del Amor 
 
As mentioned before, La Isla Del Amor was completely and regularly flooded by high 
tides before the housing area was established. During the early years, there were still 
serious problems because of tidal flooding. One interviewee mentioned that they could 
be sleeping while suddenly realizing that the entire house was flooded by tidal waters 
up to the knees. Thus, objects like shoes and dishes were floating everywhere in the 
house. Some of the houses have been flooded still very recently, in 2007 to be exact. 
Before the neighborhood El Playón was established, tidal flood waters could enter from 
two different directions and face in the middle (see figure 7). Today, the new housing 
area is preventing tidal waters’ flow in such a way. 
 
According to República de Nicaragua, SINAPRED & Secretaría Ejecutiva (2005:10), 
La Isla Del Amor is mostly inundated by rain waters. Because the zone is 
topographically rather low, rain waters can easily remain stationary on the streets 
(República de Nicaragua, SINAPRED & Secretaría Ejecutiva 2005:10). Most of the 
interviewees consider that rainfalls caused by TCs have caused inundations in La Isla 
Del Amor. However, the inundated streets generally dry out very rapidly. One 
informant mentioned that it takes only approximately one hour to get rid of the rain 
waters on the streets. Some interviewed residents told that intense rainfalls coinciding 
with extremely high tides normally cause more serious inundations. For instance, some 
houses have become inundated since rain waters fallen in the backyard have run through 
the entire house to the street. When the streets are flooded by tidal waters, the 
floodwaters can obviously get blocked inside the houses. A few informants also 
mentioned that humidity can be filtered through the floor and walls during intense 
rainfalls causing accumulation of water inside the house. Some families are slightly 
affected during windy rainfalls since rain waters can enter inside the house through 
holes near the ceiling. Surprisingly enough, two houses have never got inundated 
because they were built on a higher level right from the beginning. Therefore, it seems 
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that household flooding in La Isla Del Amor has been in direct proportion to the 
housing conditions. Today, the flooding problems have been transferred from La Isla 
Del Amor to El Playón since the former has been upgraded and the latter has become 
the new poor housing area. According to many of the interviewees, TCs cause more 
damage in El Playón since there are many provisional houses there. An interesting 
detail is that the entrance of La Isla Del Amor normally becomes completely flooded 
during TCs due to its low level and thus, blocking the access to the neighborhood. 
 
Most of the interviewed residents consider that they have been only slightly affected by 
inundations caused by TCs. None of them have ever been evacuated because of a TC. 
Even if there are some evacuation operations during TCs in the zone, only residents of 
lower and more provisional houses are evacuated according to most of the informants. 
However, all of the interviewees think that they never were in need of being evacuated. 
Most of them also consider it risky to leave the house totally alone since there are 
robberies during such events. If floodwaters have entered inside the house, objects like 
clothes, documents, shoes, food items, carpets, refrigerator, TV, and furniture can get 
wet. Besides, flood waters bring mud inside the house and leave the floor salty and 
dirty. According to many interviewees, there are more mosquitoes during and after TCs 
than normally due to the created water pools. There might be also more cases of 
malaria, dengue, bronchitis, flu, cold, and skin infections because of the humidity 
caused by intense rainfalls. Even symptoms like cough, fever, and diarrhea occur more 
during the rainy season. However, the interviewed residents in La Isla Del Amor do not 
regard illnesses as such a problematic issue when compared to the view of the El 
Humito/Rompeolas residents. Some of the interviewees have lost work opportunities 
and thus, income because of TCs. Almost all the informants think also that food prices 
go up after TCs because of lost yields, difficulties to fish, and blocked transport 
connections. Occasionally after storm events, products like vegetables can not be found 
at all in Corinto since nothing is produced there and all the food items are transported. 
One of them also mentioned that sometimes, it is not possible to cook afterwards since 
firewood gets wet during TCs. There are electricity shortages during TCs but also 
generally all the time, so the local residents are quite used to it. When the author was 
visiting Corinto, there were electricity shortages almost every night and several times 
per week in the daytime. Due to the electricity shortages, the interviewees have lost 
some stored food, have not been able to use fans, and have not been able watch news on 
TV. Tap water can also be cut but it happens daily anyway so it is nothing exceptional. 
During TCs, it might though take longer time before services are working again. After 
all, the interviewed La Isla Del Amor residents have been less affected by TCs than the 
residents in El Humito/Rompeolas. For instance, none of them have had insuperable 
difficulties to buy food even if they might lose some income because of intense 
rainfalls. 
 
 
Actions taken to cope with and to adapt  
 
The interviewed residents of La Isla Del Amor have taken actions to minimize and 
prevent damages caused by TCs even though they do not think they are heavily 
affected. In order to minimize damages just before or during storm events, same kinds 
of actions are taken as in El Humito/Rompeolas. Families, which have had water 
entering inside the house, have tried to protect objects by putting them in places where 
they can not get wet and by covering them with sheets and plastic. If there are holes in 
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the walls and roof, these have been covered with plastic (see figure 8). It is also needed 
to make sure that there are no leaves and rubbish on the roof and in drainage canals 
blocking waters’ flow. Some interviewees cover their mirror since a lightning might hit 
it and cause damage inside the house. One interviewee uses a stopper in order to avoid 
getting flood waters inside the house from the street. The same person also covers his 
kitchen ceiling with a plastic since rain waters can drip through the roof otherwise. As 
told before, the interviewed residents have never been evacuated since they have good 
enough conditions to stay in their dwelling during TC events. Many of them actually 
prefer to stay at home since it might be dangerous to walk around because of lightning, 
flying zinc sheets, and generally disorganized situation. Some families would go to 
Chinandega if it is needed to flee since they have relatives living there. 
 

 
Figure 8. Leaking roof covered by plastic. 

 
In order to facilitate recovery, several actions are taken right after the storm events. It is 
needed to dump waste brought by floodwaters and to keep the yard clean and free of 
stagnant waters due to the increasing mosquito breeding. If floodwaters enter inside the 
dwelling, it is needed to clean the entire house and use chlorine to disinfect it. Some 
interviewed residents had also used broom or pail to get rid of floodwaters. One 
interviewee also told that it was important to wash feet properly and to use antibiotic 
cream in order to prevent skin infections after intense rainfalls. To prevent mosquito 
bites, fans, insecticides, mosquito nets, and smoke spirals are used. The neighborhood is 
also often vaccinated and fumigated by MINSA after TCs. Besides, stagnant waters are 
treated with a powder to avoid mosquito breeding. If there is lack of monetary 
resources, it is better to try to find out how to buy cheaper food since it is almost 
impossible to buy food on credit according to one interviewee. For instance, one 
interviewee buys food in Chinandega since it is cheaper there. In addition, it might be 
needed to try to eat less than normally. All the interviewed residents stated that it is 
normally possibly to get some kind of aid from organizations like the Red Cross or from 
the local government, for instance zinc sheets, plastic, and food items. However, almost 
all of them thought that they never were in need of such help. Only one informant had 
actually received a few zinc sheets during the TC Alma. A few others needed new zinc 
sheets to be able to repair their roof but they did not get anything since the other more 
exposed households were prioritized. In general, that kind of aid is more channeled for 
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the poorer families living in El Playón that still have very low and provisional 
dwellings.  
 
As a long-term adaptive action, all the interviewed residents have filled and raised their 
plot to prevent inundations. Many of them have also raised the house floor several 
times. Two interviewees decided to raise that much already in the beginning that they 
never had problems because of floodwaters. The interviewed residents have also built a 
better house with more durable building materials. As rain waters can be collected and 
blocked in the backyard, it has been important to build a drainage leading floodwaters to 
the street. Many families have built this kind of drainage already in the beginning when 
they came to La Isla Del Amor. The same drainage is also used for grey waters. Only 
one interviewee does not have any drainage but instead, she spreads absorbing sand in 
her yard to get rid of the water. If floodwaters can enter inside the house, it has been 
needed to put furniture and refrigerator on higher level like on blocks, tables, and beds 
(see figure 9). Some of the interviewees have also invested in rubber boots but mostly, it 
is not really needed anymore. Almost all the interviewed residents try to store water and 
basic food items like rice, beans, oil, and sugar. Some of them also store refrigerated 
products such as milk, meat, chicken, cheese, eggs, shrimps, fish, and vegetables. When 
compared to El Humito/Rompeolas, the La Isla Del Amor residents seem to have 
significantly better possibilities to be prepared for a TC in such a way. One informant 
told that she knows exactly when to prepare since TV prognosis warns of coming TCs. 
Saving money might be more problematic though, especially as a retired person. As 
mentioned before, the majority of the interviewed residents or their children have been 
able to emigrate. However, many persons find it better to stay in Corinto even if they 
might have been able to emigrate. One informant is currently living in the United States 
because of better working possibilities but does not want to stay there. Some 
interviewees, who have not been able to emigrate, found it very expensive and risky. 
 

 
Figure 9. Kitchen fixtures put on blocks as an adaptive action. 

 
Another difference between El Humito/Rompeolas and La Isla Del Amor is that there 
have been several mitigation projects carried out by the local people and by the local 
government in the latter. In the 1980s, the local residents have been building walls 
around the neighborhood in order to protect against tidal floods according to one 
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interviewee. As a neighborhood, they have also acquired soil to be able to raise the 
streets. In addition, they have built drainage using donated building materials. The local 
residents have also regular meetings with the neighborhood leader. In accordance with 
the observations, it seems that the La Isla Del Amor residents are quite united and 
willing to cooperate if needed. Some interviewees state the residents mostly collaborate 
streetwise. In 2007, the streets of La Isla Del Amor and El Playón were paved as a part 
of the local government’s mitigation project. All the interviewees state that there have 
been considerably fewer problems because of intense rainfalls after the pavement. In 
addition, water pools are not formed as easily after TCs as before. According to some of 
the interviewed residents, the local government has recently even built a defense wall 
surrounding some parts of La Isla Del Amor. 
 
 
Changes in mangrove marsh 
 
Most of the interviewed residents agree that the surrounding mangrove zone has been 
changing over the past decades. In general, the mangrove zone has become smaller 
since the neighborhood El Playón has been built. Some of the interviewees state that 
there has been deforestation causing disappearance of shellfish. The deforestation has 
been caused by firewood vendors but also by shrimp farmers more far away around 
Corinto. According to many of them, there is actually more mangrove vegetation 
around La Isla Del Amor than before. When looking at the aerial photographs, there 
were only a very few mangrove trees in proximity to the neighborhood until the 
beginning of the 1980s. From the 1960s to the 1980s, public health workers were sent 
by the local government to cut all bigger mangrove trees. Because of this continuous 
cleaning operation during the Somoza period, there were fewer mosquitos in La Isla Del 
Amor when compared to the current situation. Quality of the existing mangrove trees is 
poor and the species can not be used as firewood. In addition, there is no cleaning at the 
edge of the mangrove forest. Tidal waters bring refuse and harbor contamination, and 
waste is also dumped there. However, the amount of entering waste is smaller than 
before since it is stuck between mangrove trees thanks to the increasing quantity of 
trees.  
 
 
6.3 Flooding caused by tropical cyclones in Corinto 

 
Tropical cyclones according to the rain station data 
 
Daily and hourly rain station data have been obtained at INETER. Monthly data come 
from five different rain stations around Corinto including Corinto, Chinandega, Ingenio 
San Antonio, Posoltega, and León. Hourly data come from Corinto covering TCs Fifi, 
Aletta, Gert, Felix, and Alma, and from Chinandega covering TCs Joan and Mitch. 
There are no existing hourly observations from the Corinto station during Joan and 
Mitch and therefore, data from Chinandega were studied. Distance between Corinto and 
Chinandega is approximately 15 km. 
 
To get a general overview of the historical rainfall trend, monthly data from the Corinto 
station are presented as a graph (see appendix E) and analyzed. Due to a relatively short 
time period (from 1959 to 2008) and lacking years (from 1965 to 1970, 1983, and 
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1984), it is impossible to say anything certain about how frequency and intensity of 
rainfalls caused by TCs have changed over time. However, a few interesting 
observations have been made. It is quite obvious to draw a parallel between major TCs 
and extreme quantities of monthly precipitation. For instance, TCs Fifi, Aletta, and 
Mitch have caused monthly rainfalls almost up to 1200 mm. Anyway, there have also 
been rainfall extremes that are not brought about by TCs. A good example is 
precipitation of 941.6 mm in October 1960, causing severe inundations in Chindega 
according to Wheelock Román (2000:161). There is also some variation concerning 
mid-season dry spell and it seem to have been totally absent several times, especially in 
1974, 1988, and 1995. It also seems that rainfall extremes have been decreasing during 
the 2000s. However, it is important to remember that the time period is too short to be 
able to estimate some changes in precipitation trends. Hourly precipitations during 
different TCs are presented as a graph (see appendix F). According to the available data, 
there have been hourly precipitations near 90 mm merely during Fifi and Aletta. During 
the other storms, hourly precipitation of 52.5 mm is the highest value.  
 
Besides the general historical rainfall trend, seven different TCs are separately 
compared with each others. Therefore, maximum quantity of hourly precipitation, total 
amount of precipitation, maximum wind velocity, and maximum prognosticated tidal 
water altitude during each storm are presented (see table 1). In addition, the maximum 
precipitation per hour and the total amount of precipitation are presented as timeline 
graphs (see figure 10 & 11). 
 
Table 1. Maximum quantity of hourly precipitation, total amount of precipitation, maximum wind 
velocity, and maximum prognosticated tidal water altitude during seven different TCs. 

Tropical cyclone 
event 

Max precipitation/ 
hour (mm) 

Total precipitation 
(mm) 

Max wind velocity 
10 m (m/sec) 

Max water 
altitude (feet) 

Fifi 1974 87.8 658.2 16 9.1 
Aletta 1982 89.8 876.2  9.2 
Joan 1988 14.8 79.8  8.2 
Gert 1993 40.9 424.2 8 9.3 
Mitch 1998 52.5 1421.7 20 7.5 
Felix 2007 6.8 31.9 6 8.3 
Alma 2008 39.2 251.8 20 6.9 
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Figure 10. Maximum precipitation per hour during seven different TCs. 
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Figure 11. Total amount of precipitation during seven different TCs. 

 
 
Tropical cyclones according to the interview data 
 
Residents of El Humito/Rompeolas agreed that Aletta has been the most destructive TC 
in the zone (see figure 12). In general in Corinto, it caused much damage destroying the 
railway and several villas and houses on the coast. In addition, some of them mentioned 
that Nicaragua’s economy was not very stable in the beginning of the 1980s. There were 
intense rainfalls and strong winds during some ten days and houses and yards were 
inundated by rain waters almost up to the waist in El Humito/Rompeolas. There were 
extremely high tides partly because of the storm. However, when tides were going 
down, level of the inundation was also lowering. As the second most destructive TC, the 
interviewees ranked Mitch. According to them, the storm surprised everyone since it 
appeared right in the end of the rainy season when no one was expecting a TC. There 
were very intense rainfalls and thunderstorms during some two weeks and already high 
tides became still higher because of the storm. Even if the zone was only slightly 
inundated, Mitch brought about severe damages. There was no electricity up to two 
months in El Humito. In addition, local residents were not able to work and therefore, 
did not have resources to buy food items. Even if they had some saved money, there 
was lack of food since no products were entering into Corinto. Only few of the 
interviewed residents were living in the zone during Fifi but according to them, it 
caused severe damages as well. There were intense rainfalls and thunderstorms during 
from four to eight days and several houses were inundated and destroyed. There were 
also extremely high tides at the same time during the storm. According to them, the 
general economic situation in Nicaragua was more stabilized during that time. Joan was 
ranked as number four since the rainfalls were slight but strong winds damaged house 
roofs. There were high tides during the storm and the zone got inundated due to the 
windy rains during one week. During Gert, there were intense rainfalls but only light 
winds during some five days. Damages were slight and there was just a little inundation 
in El Humtio/Rompeolas. Tides were generally low during the storm. According to the 
El Humito/Rompeolas residents, both Alma and Felix were very slight TCs and did not 
cause any inundation in the zone. During Alma, there were slight rainfalls but strong 
winds over 24 hours bringing about roof damages and falling trees. There were high 
tides though during the storm. Felix did not cause any damages because there were only 
minor rainfalls during one afternoon and generally low tides. 
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Tropical Cyclones in El Humito
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Figure 12. Ranked destructiveness of seven different TCs by the El Humito/ 

Rompeolas residents (value 8 is the most destructive, value 0 the least destructive). 
 
The La Isla Del Amor residents had a slightly different opinion about the discussed TCs 
(see figure 13). The interviewees agreed that there were exceptionally high tides during 
every storm. According to them, both Fifi and Mitch were the most destructive storms 
even if Fifi was ranked as number one after a profound discussion. The climatic 
phenomenon remained stationary and food products did not enter into Corinto 
afterwards. There were rainfalls over some eight hours and even if the rainfalls were not 
very intense, the central parts of Corinto and La Isla Del Amor were inundated. 
However, the level of flood waters fell when the tide was going out. Even the La Isla 
Del Amor residents stated that the economic situation of Nicaragua was stable in the 
beginning of the 1970s. Mitch was problematic since it was progressing very slowly and 
remained stationary. There were very intense rainfalls over 15 days and waters up to the 
knees at the neighbourhood entrance. The neighbourhood streets were inundated only 
during the rainfalls. The lowest houses were inundated and the residents could not go to 
work. According to them, the commerce was paralysed and there was electricity 
shortage over several days in the central Corinto. Aletta was ranked as the third 
destructive TC. Even if it caused severe damage in Corinto, there were only minor 
inundations in La Isla Del Amor. The storm brought slight rainfalls over a period of 11 
hours. As usual, the neighbourhood entrance got inundated but otherwise, the 
floodwaters could flow into the estuary when the tide was going out. During Joan, there 
were no inundations and only slight rainfalls over one night. Strong winds brought by 
the storm caused still roof damages. According to one interviewee, Joan was monitored 
by the United States beforehand and thus, the local residents had time to prepare 
themselves. Both Alma and Felix were ranked as rather mild storms. During Alma, 
there were slight rainfalls over a period of 12 hours. Damages were mostly caused by 
winds including broken roofs and fallen trees. Felix brought about slight rainfalls during 
five hours. According to the neighbourhood residents, there were warnings before Gert 
since it was supposed to be a more destructive storm. However, it caused only minor 
rainfalls during some eight hours. There were no inundations in La Isla Del Amor 
during Alma, Felix, and Gert. 
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Tropical Cyclones in La Isla Del Amor
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Figure 13. Ranked destructiveness of seven different TCs by the La Isla Del 

Amor residents (value 8 is the most destructive, value 0 the least destructive). 
 
During the focus group interviews, the observations indicate that El Humito has been 
more affected because of TCs. To begin with, the La Isla Del Amor residents did not 
have any collective bad memories of different TCs. Mostly, they told to have been fine 
during the seven different TCs even though some of them have brought intense 
rainfalls, minor inundations on the neighborhood streets, and wind damages. They even 
questioned a few newspaper articles describing fierce TC effects in La Isla Del Amor 
during Aletta. Instead, they stated that the neighborhood entrance have been inundated 
during many TCs leading to blocked access and thus, the outsiders get an impression of 
totally inundated La Isla Del Amor. The El Humito residents told to have been seriously 
affected during Fifi, Aleta, Joan, and Mitch. Secondly, the El Humito residents could 
give very detailed correct information on different TCs and they really paid attention 
when answering the asked questions. In other words, they took the focus group 
interview far more seriously than their counterparts in La Isla Del Amor. Since the La 
Isla Del Amor residents could not remember many details, it can mean that they have 
not been seriously affected by the named TCs and thus, it has not been that necessary 
for them to pay attention. The comparison above between two different neighborhoods 
concerns so called collective sensitivity. Within the both housing areas, there are some 
households that have been less or more sensitive to TC related flooding than the overall 
system due to diverging individual household conditions. 
 
 
Analysis of tropical cyclone related flooding in Corinto 
 
Based on the rain station data only, it seems that hurricane Fifi in 1974 and tropical 
storm Aletta in 1982 have brought about most precipitation per hour. When comparing 
the graphs in appendix F, precipitation was more unbroken during Aletta. In addition, 
the total amount of precipitation was higher during Aletta (876.2 mm) than during Fifi 
(658.2 mm). Concerning the both TCs, intense rainfalls continued for approximately 
three days. During hurricane Mitch in 1998, intense rainfalls lasted approximately for 
eight days. According to the graph in appendix F, the maximum precipitation per hour 
was considerably lower (52.5 mm) when compared with the maximum during Aletta 
(89.8 mm). However, it is important to take into consideration that the rain gauge 
situated in Corinto got broken due to intense rainfalls caused by Mitch and therefore, 
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the data is from the rain station of Chinandega. According to Madrid (2008, oral 
information), the rain gauge stopped working because the maximum precipitation per 
hour exceeded 100 mm (Madrid 2008, oral information). Therefore, it might be that 
even the maximum precipitation per hour was higher during Mitch when compared to 
Fifi and Aletta. The total amount of precipitation was 1421.7 mm, which is much higher 
than during Fifi and Aletta. Several informants state that Mitch caused prolonged 
rainfalls since it stayed stationary and moved on slowly. Thus, it might be that Mitch 
was actually the most intense TC when reaching Corinto, followed by Aletta and Fifi. 
The other TCs seem to have been rather slight. During hurricane Gert in 1993 and 
tropical storm Alma in 2008, the maximum precipitation per hour was ±40 mm, which 
signifies fairly intense rainfall. According to several local informants, the Independence 
Day ceremonies were canceled in Corinto in 1993 due to intense rainfalls caused by 
Gert. During hurricane Joan in 1988 and hurricane Felix in 2007, both the maximum 
precipitation per hour and the total precipitation were minor if compared to the other 
TCs above. A few local informants question the rain station data during Joan (which is 
also from the station in Chinandega) and it might be that there has been some kind of 
gauging error. However, the daily data from five different stations in the departments of 
Chinandega and León have been checked and it seems that there have not been major 
rainfalls during Joan. 
 
 
6.4 Diseases related to rainy conditions 

 
Ulloa Martínez (2008, oral information) and Boza (2008, oral information) state that 
occurrence of various diseases are linked to rainy conditions in Corinto. Therefore, 
number of cases increase during the rainy season and after intense rainfalls brought by 
TCs (Ulloa Martínez 2008, oral information; Boza 2008, oral information). Statistical 
data is available on diarrhea, malaria vivax, and respiratory infections and pneumonia 
over a period from 1993 to 2008. The data shows number of cases per week in Corinto. 
Concerning cases of diarrhea, there is a clear peak during the rainy season. Regarding 
malaria vivax and respiratory infections, it is more difficult to notice this kind of link. 
However, one can easily perceive that cases of diarrhea, malaria vivax, and respiratory 
infections and pneumonia increased after Mitch in 1998 (see appendix G). If different 
years are compared with each others, one can see that number of cases per week has 
been decreasing since 1993 even if there are great variations between different years. By 
taking average number of cases per week from 1993 to 1999 and from 2000 to 2008, it 
is possible to notice that occurrence has decreased significantly, especially concerning 
malaria vivax (see figures 14, 15 & 16).  
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Figure 14. Average number of diarrhea cases per week in 

Corinto from 1993 to 1999 and from 2000 to 2008. 
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Figure 15. Average number of respiratory infection and pneumonia cases 

per week in Corinto from 1993 to 1999 and from 2000 to 2008. 
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Figure 16. Average number of malaria vivax cases per week 

in Corinto from 1993 to 1999 and from 2000 to 2008. 
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7. Discussion 
 
7.1 Exposure to tropical cyclone related flooding in Corinto 

 
Concerning TC frequency and intensity in Corinto, the results are rather contradictory if 
compared with the previous studies on overall North Atlantic TC frequency and 
intensity. The recent increase in the North Atlantic TC activity is not seen in the data 
from Corinto. Quite the contrary, intense TCs have been absent in Corinto since the late 
1990s. In the 1970s and the 1980s, there have been very intense TCs affecting Corinto 
but according to the reviewed research papers, the North Atlantic TC activity was low 
during these decades. As mentioned before, basin wide TC counts might not reflect 
records of landfalling TCs. The studied data from Corinto support this claim. In other 
words, it seems that increasing proportion of intense TCs in the North Atlantic since the 
mid 1990s did not affect Corinto due to these TCs’ faraway tracks. Besides, intense 
Atlantic TCs do not always reach Corinto because of its remote location on the Pacific 
coast. On the other hand, Corinto is not only exposed to Atlantic TCs but also on Pacific 
TCs. After all, it is not possible to see any long-term changes due to the short data 
period. In addition, there might be uncertainties because of varying data quality and 
possible errors. 
 
It is true that Mitch might have been a very specific case due to its prolonged nature and 
possibly, there might be some kind of link between genesis of Mitch and increasing 
North Atlantic SSTs in the end of the 20th century. In addition, the rain station data 
concerning Mitch is slightly uncertain and therefore, it is impossible to know the actual 
intensity of the precipitation. However, there have been as intense or even more intense 
TCs affecting Corinto before, for instance Fifi and Aletta. As mentioned before, there 
have not been very intense TCs affecting Corinto after Mitch. Regarding Joan, the 
studied data is also slightly uncertain and the precipitation might have been more 
intense than what is presented in this study. There might be some kind of connection 
between intense rainfalls during Fifi, Joan, Mitch, and Alma and coinciding La Niña 
conditions that are known to bring about wetter than normally conditions in Central 
America during the rainy season (see CPC, NWS & NOAA 2008, Internet). 
 
In Corinto, exposure to intense rainfalls during TCs is expected to be the same in the 
two case study areas since distance between them is only 5 km. It might be possible that 
there has been intense precipitation in one area while no precipitation at all in the other 
area during some TC events but there is no reliable data on this kind of phenomenon. 
However, the local human-environment system might have experienced intense rainfalls 
caused by TCs in a different way at different times depending on prevailing socio-
ecological system components. Therefore, the two studied case study areas might have 
experienced the same exposure in a different manner. The slightly differing interview 
results concerning the seven chosen TCs indicate that the local systems have distinct 
experiences. For instance, El Humito was not inhabited during Fifi and thus, the local 
human system did not experience any stress. Even though intense precipitation was 
lacking during Joan, the human-environment system might have experienced severe 
flooding because of the high tidal water altitude and additional water level rise caused 
by strong wind velocities. As explained in the chapter six, this kind of scenario is 
possible in Corinto due to its geographical location.  
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7.2 Sensitivity to tropical cyclone related flooding in Corinto 

 
According to the results of this study, two flood-prone neighborhoods’ collective 
sensitivity to TC related flooding has been changing in a different way due to the sites’ 
geographical location and institutional support given by the local government. Housing 
in La Isla Del Amor has been more regulated and local government supported whereas 
El Humito/Rompeolas has been developing in a more informal manner. La Isla Del 
Amor has become considerably less sensitive to TC brought intense rainfalls than El 
Humito even though the latter has also become less sensitive over the past decades. 
Within the both case study areas, there are individual differences since single families 
can be less or more sensitive to TC related flooding than the overall system due to 
diverging household conditions. It is uncertain what kind of link there is between La 
Isla Del Amor’s closeness to the town centre and the received support from the local 
government. Besides, there is not enough data to demonstrate if Corinto has become 
more sensitive to TC brought flood waters and strong winds due to mangrove marsh’s 
ecological degradation. 
 
Even though El Humito and La Isla Del Amor have emerged on marsh under similar 
circumstances, the neighborhoods have developed in a rather distinct way. Whereas 
housing conditions are still quite marginal and semi-formal in El Humito due to 
partially lacking services and illegal settlement, La Isla Del Amor has reached a more 
prosper status. In El Humito, proximity of resources in form of mangrove swamp and 
refuse dump has been attracting poor residents. Still today, new families decide to settle 
down in the zone due to economic reasons and lack of available land in Corinto. From 
the very beginning, La Isla Del Amor has been a very concentrated and urbanized 
housing area whereas dwellings have been much more scattered in El Humito. Over the 
past decade, La Isla Del Amor has been supported by the local government through 
several mitigation projects whereas no such actions have been taken or are planned to 
be taken in El Humito/Rompeolas. Therefore, I state that El Humito/Rompeolas is a 
more informal housing area if compared to La Isla Del Amor, which is a more 
urbanized formal residence area receiving local government support in terms of 
neighborhood status improvement and regulation. Even though it can not been firmly 
proved by using results of this study only, I suggest that La Isla Del Amor’s physical 
proximity to the town hall and other important local authorities has helped its residents 
to maintain more active institutional relations. Due to El Humito’s peripheral location, 
its residents do not visit the town centre very often. Local authorities might also 
prioritize upgrading of more central housing areas before more remote ones just because 
nearby problems are more visible for them. This can be supported by the fact that local 
government financed mitigation projects have been carried out in the central low-
income housing areas including El Playón. Even though the residents of La Isla Del 
Amor have been able to achieve a higher collective wealth status than their El Humito 
counterparts, thanks to the institutional support, the lack of local government 
interference in El Humito/Rompeolas has not only been a limiting factor but also a 
possibility. For instance, the La Isla Del Amor residents have to buy their firewood 
since it is prohibited to collect firewood in the surrounding mangrove swamp. As 
mentioned before, this is not the case in El Humito/Rompeolas.  
 
The interview data presented above supports the claim that La Isla Del Amor has 
become less sensitive to TC related flooding if compared with El Humito/Rompeolas. 
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As stated before, the interviewed La Isla Del Amor residents are not affected by TCs 
anymore whereas many of the El Humito/Rompeolas residents still live with the risk of 
being affected during such events. According to the results of this study, it seems that 
La Isla Del Amor has become less sensitive thanks to increasing economic affluence 
and support from the local government. Even though these factors have been mostly 
lacking in El Humito/Rompeolas, the zone has become less sensitive to TC related 
flooding since the early 1980s. In the case of El Humito/Rompeolas, resources given by 
the mangrove swamp and refuse dump have been essential to be able to diminish 
residents’ sensitivity. These resources have been used as food and firewood for own use 
but they have also been sold in order to get economic resources. In addition, it has been 
possible to use land as a resource in a different way than in La Isla Del Amor. In El 
Humito/Rompeolas, land can be cultivated whereas the La Isla Del Amor is too 
urbanized for that purpose. 
 
The surrounding mangrove marsh’s ecological and economic state degradation over the 
past decades has affected neighborhoods’ sensitivity to TC related flooding. Since 
economically important fauna and flora species have disappeared, the human system 
have become more sensitive since the residents can not rely on this kind of resources in 
the event of external stress. This is especially the case in El Humito/Rompeolas where 
the residents do not have economic resources making it easier to cope with TC related 
stress. The interviewed persons’ surprisingly good knowledge on the current state of 
mangrove marsh indicates the importance of this resource in the zone. In addition, 
ecologically prosper mangrove system might offer more protection against flood waters 
and strong winds than a degraded mangrove swamp. The data presented by this study 
can not be used to see if there has been this kind of change in Corinto. Concerning La 
Isla Del Amor, the current thicker mangrove system around the housing area seems to 
serve as a contamination filter even though its ecological and economic value has been 
degraded. This might have made the zone less sensitive to TC related diseases. 
However, there is not enough data to prove if this is the case. 
 
 
7.3 Resilience 

 
In the case of Corinto, the local human-environment system has become more resilient 
to TC related flooding over the past decades thanks to individual and government-led 
adaptive actions. Even though the present-day state of El Humito/Rompeolas and La 
Isla Del Amor is fairly different as claimed in previous sections, the used coping 
mechanisms and taken adaptive actions at household level have been quite similar. For 
instance, all the interviewed families have been able to raise their plots and build a 
better house. In La Isla Del Amor, the local government has carried out several 
mitigation projects since the early 2000s. Due to these individual and collective 
adaptive actions, La Isla Del Amor is able to cope with TCs as a community. El 
Humito/Rompeolas is able to cope with TCs to a major extent as a community thanks to 
individual adaptive actions. According to the local residents, collective adaptive actions 
are expected to be taken by the local government even though some actions have been 
taken by the local community in La Isla Del Amor. Although the data used for this 
analysis is reliable, there are some uncertainties concerning the rate of recent exposure 
and the prevailing state’s sustainability. It is possible that Corinto seems to have 
become more resilient than it is in actual fact because it has been less exposed to TC 
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brought stress during the 21st century. In addition, the human-environment system’s 
current state might be non-desirable since socio-economic and environmental problems 
are numerous. 
 
Previously presented interview data clearly indicates increasing resilience to TC related 
flooding in Corinto since the local residents state that they are not anymore affected by 
TCs in such a way as before. Today, La Isla Del Amor is not collectively affected at all 
whereas El Humito/Rompeolas is affected to a significantly minor extent than in the 
early 1980s. The residents of the both neighborhoods have been forced to find solutions 
on individual level without government support. They have actually paid government 
workers to get some soil to be able to raise their plots. The soil in question is mostly a 
surplus product coming from construction sites and is otherwise dumped at the refuse 
dump. As mentioned before, the road going through El Humito/Rompeolas has been 
recently raised by the local government in a way that some households get inundated 
again. These kinds of actions indicate that the local government is not only refusing to 
invest in this peripheral neighborhood but has also been complicating the residents’ 
possibilities to take individual adaptive actions. However, since the local government 
has built some donated houses in the zone, it is not possible to state that there have not 
been government-supported actions at all in the neighborhood. 
 
Concerning external aid, the obtained data is slightly contradictory. Local authorities, 
local Red Cross representatives, and several local residents claim that the most affected 
poor families have possibility to get aid in the events of TCs. However, especially in El 
Humito/Rompeolas, many interviewed poor families stated that they have never 
received any kind of aid from the local government or international organizations. It is 
possible that the interviewees supposed to get some kind of economic benefit by 
answering my questions and therefore, they did not tell the whole truth regarding aid 
they have received. It is also easy to forget positive things and thus, the informants 
might have forgotten some support they have got from the local government. Several 
times during the interviews, it eventually came out that the interviewees had actually 
received some kind of external help even if they had claimed before something totally 
opposite. It might even be that they consider themselves more affected and more 
vulnerable than the local authorities do and thus, they experience that they have not 
received enough support. Since several different sources speak in favor, it is probable 
that external aid is given. Nevertheless, some families have certainly experienced 
themselves to be treated badly due to limited resources or other reasons. Since most of 
the adaptive actions have been taken without any local government support, this 
uncertainty does not affect the analysis of overall resilience. 
 
The results of this study clearly indicate that instead of taking adaptive actions as a 
community, the neighborhood residents expect the local government to take these 
actions. In El Humito/Rompeolas, no one could imagine to improve neighborhood 
conditions collectively without any local government support whereas in La Isla Del 
Amor, this has actually happened a few times before the local government began to 
invest in mitigation projects in the zone. In addition, the La Isla Del Amor residents had 
a more positive view about neighbor relations and collaboration if compared to the 
general view in El Humito/Rompeolas. As presented in the previous chapter, emigration 
has been a far more common solution in La Isla Del Amor than in El 
Humito/Rompeolas. Thanks to their more affluent economic status, the La Isla Del 
Amor residents have had possibility to expand their future vision in order to get a better 
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life quality. As known since before, a majority of the El Humito/Rompeolas residents 
had never thought of emigration as an alternative to find a better life. As mentioned 
before, there are differences between distinct households within the both case study 
areas. Even though it is quite common that some individuals are more fortunate than 
others and have therefore better possibilities and more resources to improve their life 
quality, it might be that individual households’ priorities and willingness to actively 
improve their living conditions make a difference.  
 
Taken human responses to environmental stress can affect a coupled system’s 
ecological conditions. For instance in el El Humito/Rompeolas, some families have 
raised their plots to such an extent that it has become possible to cultivate trees and 
vegetables above swamp with salty soils. Thanks to these investments, the households 
in question have become more resilient and thus, less sensitive to external TC related 
stress. Even though Corinto has become more resilient to TC caused flooding, the 
current state might be non-desirable due to visible environmental and socio-economic 
problems. The surrounding mangrove marsh and estuary have become less desirable 
since their ability to produce resources for human use has been seriously decreasing. 
However, this current non-desirable state can be also seen as a necessary step on the 
local society’s way to a better future.  
 
 
7.4 Changing vulnerability 

 
According to the analysis presented in previous sections, the local society’s overall 
vulnerability to TC related flooding has been decreasing in Corinto over the past 
decades. Different studied indicators support this claim. The presented interview data 
show that housing conditions have improved in the both case study areas over the 
studied period. Diseases related to rainy conditions and also to poor housing conditions 
have been clearly diminishing since the early 2000s. The interviewed persons’ overall 
poverty has been decreasing over time. Today, the La Isla Del Amor residents are more 
affluent in economic terms than their El Humito/Rompeolas counterparts. In addition, it 
seems that human mobility has been increasing among the La Isla Del Amor residents 
even though there is no exact data showing this trend. There are some uncertainties 
concerning the mentioned indicators. There is no disease data before 1993 and 
therefore, it is not possible to say how TCs affected disease situation in the 1970s and 
1980s. The interview data concerning poverty is some contradictory due to political 
reasons since several interviewees claim that everything was better before under some 
particular political regime. However, these uncertainties do not affect the overall 
vulnerability analysis since it is based on the discussion of previous sections and the 
indicators presented here are only supporting factors.  
 
As presented interview data indicate, the overall housing conditions have been 
gradually improved in the both case study areas over the past decades. If the 
neighborhoods are compared with each others, the La Isla Del Amor residents generally 
have better housing conditions. The presented disease data reflect this change since 
better hygiene level and less humid environment offered by improved housing 
conditions prevent diseases like diarrhea, malaria vivax, and respiratory infections and 
pneumonia. Unfortunately, it is not possible to know due to lacking data if there is some 
difference between the two case study areas. Increasing human mobility especially in La 
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Isla Del Amor can be also related to the improved housing conditions. Increasing access 
to economic resources thanks to labor migration is offering local residents opportunities 
to improve their housing conditions. However, it has also been possible to obtain 
improved conditions without emigration as the study results show. Emigration can not 
only be seen as a way to better life but also as a huge economic risk. For more marginal 
ones, it is not reasonable to invest their scarce resources in such a risky way. 
 
If so called collective economic affluence is compared between the two case study 
areas, the La Isla Del Amor residents are significantly more prosperous. For instance, 
they can afford a varied diet every day, they live in nice houses made of proper building 
materials, many of them have a refrigerator and a freezer, and many of them have been 
able to leave the country in search of better work. However, the interview results 
indicate that even the most marginalized can be able to achieve a rather good living 
standard. For instance, some of the poor El Humito/Rompeolas residents have invested 
in small-scale farms. Even if they can not afford a good education for their children, 
they have actually been able to reduce their sensitivity to external stress by having an 
own food source. In addition, they can earn a satisfactory salary by selling their own 
products without having a formal employment. For me as a western high-educated 
person, it was very surprising to listen to these poor illiterate residents since they had 
amazingly detailed knowledge of disease spread, mangrove ecosystem functioning, and 
climatic processes caused by global warming. On the other hand, there are also families 
whose state has been slightly deteriorating due to factors like illness and unemployment. 
In my opinion, it could be possible for even these households to improve their 
conditions by taking right individual actions. 
 
 

8. Conclusions 
 
The main conclusions of the carried out research are: 
 
 This thesis contradicts previous studies on coastal lowland areas’ susceptibility 
to TC related flooding in developing countries. Corinto’s vulnerability to this kind of 
environmental change has been clearly decreasing over a period of 50 years. The 
analyzed data indicate that the local society has become less exposed, less sensitive, and 
more resilient to such external stress. Even though the North Atlantic TC activity has 
been increasing as proposed in the recent research, it does not have to signify that 
coastal communities are more exposed to TC induced intense precipitation. 
 
 In El Humito/Rompeolas, a peripheral neighborhood developed close by the 
municipal refuse dump, collective vulnerability has been decreasing thanks to individual 
adaptive actions leading to better housing conditions. Even though many residents have 
scarce economic resources due to lack of formal employment, proximity of non-
economic resources have been important for the neighborhood’s development. Absence 
of local government interference and scattered housing structure has offered a 
possibility to utilize these resources. 
 
 In La Isla Del Amor, a central neighborhood built on a sand deposit, collective 
vulnerability has been decreasing more than in El Humito/Rompeolas due to collective 
adaptive actions in addition to individual adaptive actions. Since the 2000s, this 
collective adaptation has been carried out as a local government-led action thanks to the 
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housing area’s formalized structure. La Isla Del Amor’s proximity to the town centre 
might have made it still easier to obtain such institutional support for the adaptation 
process. The La Isla Del Amor residents’ economic wealth has been recently rising due 
to commonly practiced labor migration. 
 
 Within the both neighborhoods, there are individual differences since a single 
household can be more or less vulnerable than the entire neighborhood. For instance, 
illness, unemployment, or other priorities can make it more difficult to take individual 
adaptive actions in order to achieve less vulnerable housing conditions. 
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Appendix A: Questionnaire for individual interviews 
 
Date: 
Place: 
Time in the beginning:  
Time in the end:  
 
Personal information:  

1. Given name and family names: 
2. Age: 
3. When were you born?  
4. Where were you born?  
5. Marital status:  
6. For how long time have you been married/unmarried?  
7. Neighbourhood:  

 
Family and dwelling: 

8. Do you have children? How many?  
9. When were they born?  
10. Do you live with them? If not, where do they live?  
11. For how long time have you been living here?  
12. Why did you decide to live here?  
13. Where did you live before living here?  
14. Before living here, what was there in the place where your dwelling is situated 

now?  
15. Is your dwelling legalized?  
16. What kind of services do you have in your dwelling (pipe water, electricity, 

telephone, connected to the sewage system/septic tank/drain pipe, waste 
collection)? Since when did you have these services?  
- Water: water pipe/communal water tap/communal well/private 

well/river/truck  
- Toilet: flush toilet/pit latrine/outdoor defecation 
- Waste: burn/bury/throw away 

17. Which fuel do you use for cooking? Has there been any change since you live 
here? Why?  

18. What kind of building materials have been used to build your dwelling?  
- House: reed/clay/adobe/straw 
- Floor: soil/floor tile/ceramic tile 
- Wall: wood/block/brick/adobe/minifalda/stone 
- Roof: tile/sheet zinc/thatched roof/nicalit 

19. What does your family normally eat during a day? Has there been any change 
since you live here? Why?  

20. Where does your family buy the food you consume during a day? Does your 
family produce some food?  

 
Family activities and employment 

21. What do you work with? Could you describe me how your normal day is?  
- Is there any difference between different seasons? 

22. What do the persons who live with you work with? Could you describe me how 
their normal day is?  
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- Is there any difference between different seasons? 
23. What are the main income sources for your family? Is it enough for living? 

- Is there any difference between different seasons? 
- Is there any difference when compared to other years? 

24. What kind of education do you, your spouse and children have? 
 
Problem of flooding 

25. What is a flood according to you?  
26. Are there floods in the neighbourhood where you live?  
27. Which parts of the neighbourhood are inundated? By how much water?  
28. How frequent are floods?  
29. How many floods were there in 2008?  
30. In which months are there floods?  
31. Why are there floods in this neighbourhood? 
32. Has your family been affected by the floods?  
33. How has your family been affected by the floods?  

- Water enters inside the house. How much? What kind of damage has 
caused? 

- Evacuation. Where? By who? During how long time? 
- Loss of job. Why? 
- Fewer resources. Why? What kind of resources? 
- Power failure 
- Food shortage 
- Higher food prices 
- Diseases. Which ones? Why does one get sick? 

34. Has your family been affected by two (or more than two) floods in a row during 
one winter? When? How was your family affected? 

35. Can floods bring about something positive for your family?  
36. How has Corinto been affected by the floods according to you?  
37. Which neighbourhoods have been the most affected according to you? Has there 

been any change? When? Why?  
 
Changes 

38. Which tropical cyclones have caused floods that have been affecting your 
family? Why?  
- Hurricane Edith in September 1971 
- Hurricane Irene in September 1971 
- Hurricane Fifi in September 1974 
- Tropical storm Aletta in May 1982 
- Hurricane Joan in October 1988 
- Tropical storm Bret in August 1993 
- Hurricane Gert in September 1993 
- Hurricane Gordon in November 1994 
- Hurricane Cesar in July 1996 
- Hurricane Mitch in October 1998 
- Hurricane Ivan in September 2004 
- Hurricane Stan in October 2005 
- Hurricane Felix in September 2007 
- Tropical storm Alma in May 2008 
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39. Has there been any change in how floods affect your family since you live here? 
Why? When did the change happen? 

40. Do you observe some difference in natural resources (forest, soil, water) since 
you live here? 

 
Recovery and adaptation 

41. Which activities and actions has your family taken during the floods in order to 
minimize damages? 
- Evacuation/have gone to a safer or higher place 
- Have disconnected electrical appliance  
- Have stored goods in higher places/in plastic bags  
- Have stored drinking water. How much? For how long time? 
- Have stored food. What kind of food? For how long time? 

42. Which activities and actions has your family taken in order to recover damages 
caused by the floods? 
- Have cleaned all the dwelling and around the dwelling  
- Have thrown away damp food  
- Vaccination/mosquito nets/insecticides  
- Help from an organization/a family member/a friend/a social network. What 

kind of help? From who?  
- Have minimized their food expenses/other expenses. How? 
- Migration. Where? Who? For how long time?  

43. Which activities and actions has your family taken in order to reduce the flood 
impact on your family? 
- Have built a wall/a drainage/a gutter  
- Store goods in higher places/in plastic bags 
- An insurance against floods 
- Vaccination 
- Clean the drainages/the gutters  
- Keep a radio easily accessible with batteries/a flashlight/a first-aid kit  
- Store drinking water/food 
- Save money 
- Have bought rubber boots. When? 

44. Why did you choose these activities and actions? 
45. How have these activities and actions reduced the flood impact on your family? 
46. Are there activities that your family wanted to take but it was not possible? 

What activities? Why was not it possible to take these activities? 
47. Have you ever been thinking about to emigrate? Why? Where? 
48. Does your family have an action plan for the floods? How is it? Since when? 
49. Does your family use the media in order to get information on the storms? 

Which ones? What kind of information? 
 
Strategies outside the home 

50. Do you participate in activities of any communal organization? What kind of? 
Why? Since when? 

51. Is there any emergency plan for the floods? 
52. Which activities and actions you have taken as a community/neighborhood in 

order to reduce the flood impacts? 
53. Which activities or actions outside your home could reduce the floods? 
54. Would you like to tell me something more or ask me something? 
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Appendix B: Discussion themes for group interviews in 
Corinto 
 

1. For how long time have the interviewees been living in La Isla Del Amor/El 
Humito? 
- Presentation of a drawn map over the study area and a short discussion on 

possible errors concerning the geographical location of their houses and the 
given years when the interviewees moved into the area. 

 
2. What is an inundation? 

- A discussion about how the interviewees understand the word inundation. 
o Is it an inundation if the streets are flooded? 
o Is it an inundation if rainwater enters inside the house? 

- How is it possible to try to avoid inundations? 
 

3. Inundations in La Isla Del Amor/El Humito 
- Which houses have been inundated? Which of them do still get inundated? 
- How have the streets been inundated (ask them to show on the map)? Has 

there been in change? 
 

4. Tropical cyclones (TCs) that have affected Corinto 
- Presentation of a historical timeline and a short discussion over seven given 

TCs in order to relate them to other historical events. 
o Fifi in 1974, Aletta in 1982, Joan in 1988, Gert in 1993, Mitch in 

1998, Felix in 2007, Alma in 2008. 
- A deeper discussion over the seven TCs in order to answer the given 

questions: 
o Were there any other events coinciding with the TC? 
o What kind of damage did the TC cause in Corinto? 
o What kind of damage did the TC cause in La Isla Del Amor/El 

Humito? 
o What kind of rainfall did the TC bring? 
o Were there exceptionally high tides during the TC? 
o What kind of inundation did the TC cause in La Isla Del Amor/El 

Humito? 
- Which TC did cause most damage in Corinto (an attempt to rank the seven 

given TCs)? 
 

5. Environmental changes 
- What kind of environmental changes have there been? 

o Mangrove forest, fauna, flora, water, soil, contamination. 
- Why has the environment been changing? In which parts of the study area 

have there been environmental changes (ask them to show on the map)? 
- How might these changes affect the vulnerability to inundations and TCs? 

 
In the end, the interviewees are given possibility to explain how the seven given TCs 
affected their families. 
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Appendix C: Historical timeline 
 

Historical Timeline
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Appendix D: Questions for interviews with authorities in 
Corinto 
 

1. Do you work with issues concerning inundations? 
2. For how long time have you been working here? 
3. What kind of aid do you provide during inundations caused by tropical 

cyclones? 
4. Do you provide aid in all the neighbourhoods or only in some of them? 

- How do you choose the neighbourhoods? 
- What kind of priorities do you have? 

5. Do you visit all the houses when providing aid? 
- If not, how do you choose the houses? 
- Do you give aid to all the families? 

6. Do you get any problems because of families that do not want to receive help? 
7. According to you, which neighbourhoods are the most affected by inundations? 

- What kind of changes have there been? 
8. How have the patterns of rainfalls and inundations changed during the time you 

have been working here? 
9. Concerning rainfalls, are there any differences between different 

neighbourhoods? 
- Is it possible that there are intense rainfalls in the town centre but at the same 

moment, no rainfalls in the neighbourhoods located more far away? 
- Has there been any kind of change? 

10. Can you remember what happened in Corinto during different tropical cyclones 
(Fifi, Aletta, Joan, Gert, Mitch, Felix, Alma)? 
- What kind of rainfalls did the tropical cyclone bring (duration, quantity, 

intensity)?  
- What kind of winds did the tropical cyclone bring?  
- Were there exceptionally high tides during the tropical cyclones?  
- What kind of inundation did the tropical cyclone cause? 

11. What could be done in order to minimize damages caused by tropical cyclones 
in Corinto? 
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Appendix E: Monthly precipitation in Corinto from 1959 to 
2008 
 

Corinto Monthly Rainfall 1959-1982
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Corinto Monthly Rainfall 1985-1996
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Corinto Monthly Rainfall 1997-2008

0

200

400

600

800

1000

1200

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

Year

P
re

c
ip

it
a

ti
o

n
 (

m
m

)

 
 



From dump-sites to resilient urban residence areas 

 57

Appendix F: Hourly precipitation during different TCs 
 

Precipitation during Fifí in 1974
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Rainfall during Aletta in 1982
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Rainfall during Joan in 1988
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Rainfall during Gert in 1993
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Rainfall during Mitch in 1998
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Rainfall during Felix in 2007
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Rainfall during Alma in 2008
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Appendix G: Disease cases per week from 1993 to 2008 
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Malaria Vivax
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