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ABSTRACT 

Tsunamis are destructive forces  which threaten life, social infrastructure and production, resulting in 
enormous economic losses. In the last two decades destructive tsunamis as those in Indonesia (2004), 
Japan (2011) and Chile (2010 and 2015), caused more than 366,353 deaths and economic losses over 
355 billions US$.  Our present study focuses on a theoretical case of economic and human losses that 
tsunami impact can have in Muisne, along the central Ecuadorian coast. Using a cost benefit analysis 
(BCA) framework, we estimate the cost of recovery of a mangrove ecosystem in Muisne, where 
earthquakes with magnitudes up to 8.8 Mw can generate tsunamis with run-ups up to 43 meters. 
Economic benefits of environmental goods and services from Muisne mangroves are estimated to 
reach 16.7 US$ million/year. To maintain local wellbeing and businesses in the region, it is estimated 
that the mangrove recovery costs may reach up to 7.3 million US$. In terms of preventing loss human  
loss of life and maintaining human wellbeing, we calculate the value of community relocation to be 
approximately 93.2 million US$. Therefore, the total economic benefits from a recovering the Muisne 
ecosystem would be around 109.9 million US$ and the benefit/cost ratio is B⁄C=1.16, meaning that 
the recovery of the Muisne mangroves has a higher value than resettlement costs, and that makes good  
public policy sense. 
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1. INTRODUCTION 

There is a thin line in the evaluation of the economic implications of maintaining  or leaving a disaster 
threatened area, of recovering a naturally protected area and of considering the costs of relocating 
people in more secure zones, while preserving their jobs, way of life and the needed commerce and 
business infrastructure. However, destructive tsunamis can cause high economic losses, which can 
impact  enormously the infrastructure of a region and result in  high losses of human lives. For 
example, the 2011 tsunami in Japanw generated from a 9.0 Mw earthquake, caused 15,853 deaths, 
injured 6,023 and  of 3,282  people missing (Chen and Sato, 2013). According to Japan’s National 
Policy Agency 300,000 building were destroyed, as well as 4,000 roads, 78 bridges, and 29 railways 
were affected. The economic damage reached 210 billion US$, of which some 66.9 billion were 
insured lost (Aon Benfield, 2015). One year earlier another tsunami from an 8.8 Mw earthquake in 
Concepcion Chile, resulted in catastrophic damages throughout the country. About 500 people lost 
their lives, at least 1,5 million homes were damaged, of which one third were completed destroyed. 
The economic cost of the disaster was estimated at 30 billion US$, with 8.5 insured lost (Barcená et 
al., 2010). A more recent 8.3 Mw tsunamigenic earthquake in 2015 near Coquimbo, Chile, resulted in 
an estimated loss ranging  between 100 million US$ and up to 1 billion US$(CEDIM, 2015; Aránquiz 
et al., 2016; Ye et al., 2016). On Christmas 2004, a devastating tsunami struck Indonesia and Thailand 
causing 350,000 deaths and an estimated 15 billion US$ of immediate economic losses (Athukorala &  
Resosudarmo, 2005; Jayatilleke and Naranpanawa, 2007). 
 
Due to enormous financial damages the recovery of natural defense habitats and community 
resettlement should be considered as part of any mitigation plan. Resettling the population requires of 
a very considered, careful and detailed planning, as the International Finance Corporation (IFC) 
pointed out in their resettlement handbook published in 2002 (English and Brusberg, 2002). A 
resettlement process implies displacement of human population which  may cause disturbance as well, 
as it affects housing, employment, commerce and often  the way of life. However, if the damage costs 
are overwhelming higher, governments should consider resettlement as an alternative before a disaster 
strikes.   
 
On the other hand, natural habitats such as mangroves play an important role of reducing the impact 
of a tsunami (Mazda et al., 2006; Tanaka et al., 2007; Chatenoux and Peduzzi, 2007; Tanaka, 2009; 
Osti et al., 2009). A report from the Environmental Justice Foundation points out the overall 
importance of mangroves as natural barriers against typhoons, cyclones, hurricanes, and tsunamis 
(EJF, 2006). Mangroves help  minimize the loss of human life and damage to property by reducing 
the heights and speed of tsunami waves, as well as redistributing the incoming water flow throughout 
channels and creeks (EJF, 2006). Therefore, governments as well as regional or even local authorities 
should consider mangroves in recovering or reforestation costs as part of a useful disaster mitigation 
investment. 
 
Ecuador has been in past particularly vulnerable to a variety of natural hazards (Charvériat, 2000; 
Guha-Sapir et al., 2004; Cavallo and Noy, 2009; Toulkeridis, 2011; 2013; Toulkeridis and Zach,  
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2016; Mato and Toulkeridis, 2017). Ecuador´s extensive coastlines are vulnerable to tsunamis and 
earthquakes because of the region’s  geodynamic location on the continental shelf and the proximity 
to the Ecuadorian trench, where the Nazca oceanic plate subducts below the Caribbean and South 
American continental plates (Kellogg and Vega, 1995; Gutscher et al., 1999; Gusiakov, 2005; Egbue 
and Kellog, 2010; Pararas-Carayannis, 2012). At least six notable tsunamis occurred in the 
Ecuadorian coasts. A magnitude 8.8 Mw earthquake and destructive tsunami  in 1906 struck  the 
Esmeraldas Province, causing up to 1,500 deaths and the destruction of 450 houses (Kanamori and 
McNally, 1982; USGS, 2016; Chunga et al., 2017). In this context, a recent study demonstrated a 
small coastal village named San Vicente to be highly vulnerable to tsunamis, flooding, landslides and 
mud flows.  Due to the village’s vulnerability, it was documented that recovery of the habitat with 
mangroves and resettlement may be relatively cheap and efficient mitigation investment to draw up 
for public policy attention (Cruz D’ Howitt et al., 2010; Rodriguez et al., 2016). 
 
2. TSUNAMI HAZARDS IN THE AREA OF MUISNE AND SURROUNDING  
 
Tsunamis can an enormous impact on coastal areas. Abe et al. (2012) determined that Japan’s 2011 
tsunami inundation reached a maximum of 4 km inland, but based on measurements of debris deposits 
it was determined that 90 percent of the inland inundations reached less than 2.5 km. Once the 
transects for the determination of inundation were settled, they added the topography (elevation) 
features using RTK GPS instruments. This allowed for a more accurated determination of the extent 
of tsunami deposits and inundation distance in the field (Abe et al., 2012). 
 
 

 

Fig. 1: Panoramic view of the morphology of western Ecuador and location of seismic epicenters, 
which generated tsunamis in the last 110 years. (Adapted and modified from Collot et al., 2004). 
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The specific geodynamics and the geological setting of Muisne and its surrounding have been 
analyzed and presented in Toulkeridis et al. (2017a; Fig. 1). The area of Muisne is threatened by a 
variety of tsunami scenarios (Fig. 1, 2, 3), all of which would affect severely this part of the 
Ecuadorian coastline. Extremely destructive tsunamis may be generated by earthquakes with 
magnitudes of up to 8.8 Mw and wave run-ups may have runups of up to 43 meters (Toulkeridis et al., 
2017a). These parameters have been based on the modeling of tsunamis along the coast taking into 
consideration past tsunamis of local origins during the last two centuries (Rudolph and Szirtes, 1911; 
Kelleher, 1972; Beck and Ruff, 1984; Kanamori and McNally, 1982; Swenson and Beck, 1996; 
Pararas-Carayannis, 2012; Toulkeridis et al., 2017b; 2017c; Rodriguez et al., 2016), while evidences 
of paleo-tsunami deposits are scarce (Chunga and Toulkeridis, 2014; Chunga et al., 2017).  
 

 

Fig. 2: Location of Muisne and Bunche within Ecuador and topographic area of the mentioned sites 
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The most prominent examples of tsunamis along the Ecuador–Colombia subduction zone include 
those generated from earthquakes in 1906 (Mw=8.8), in 1942 (Mw=7.8), in 1958 (Mw=7.7), in 1979 
(Mw=8.2) and in 2016 (Mw=7.8) within the 600-km long rupture area of the great 1906 event (Collot 
et al., 2004; Toulkeridis et al., 2017b; 2017c). While the 1906 event caused the death of up to 1500 
persons in Ecuador and Colombia, the 1979 tsunami killed in Colombia at least 807 persons (Pararas-
Carayannis, 1980).  

 
Fig. 3: Tsunami hazard modeling of three different scenarios, based on Toulkeridis et al. (2017). 

Location of Muisne, Bunche and proposed relocation site (in yellow). 
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3. COSTS OF HABITAT RECOVERY AND COMMUNITY RELOCATION  

The economic analyses for mangroves habitat recovering and community resettlement has been based 
on a cost benefit analysis (BCA) framework. BCA framework is perfectly suited to analyze public 
investment, which is the essential in our analysis (Zerbe et al., 2010; Hanly and Spash, 1993). We 
have used a benefit cost ratio to set up a comparison between potential economic damages due to the 
impact of a tsunami, habitat recovering and community resettlement costs in Muisne. The benefit cost 
ratio has been expressed as follows: 
 

                                                    (1) 
Where, 𝑏𝑡 are benefits of the project over time, 𝑐𝑡 are the costs over time, 𝑟 is the discount rate, and 𝑡 
is the time period. In this study, benefits are denoted by bypassed cost of potential tsunami economic 
damages on the infrastructure of Muisne only. We did not take into account other potential economic 
damages on commerce, fisheries, agriculture, livestock production as well as human life through 
potential householders’ income loss as Rodriguez et. al (2016) pointed out in their study on potential 
effects of a tsunami in another coastal town in Ecuador. The resettlement costs of the entire 
community of Muisne, includes land acquisition cost. 
 
Resettlement costs  (𝑅𝐶) have two major components, land acquisition (𝐿) and housing, public 
services and infrastructure costs for a new community (𝐶𝑛). Land acquisition has been a relatively 
straightforward estimation, price of land at the area (average price paid in historical land transactions 
in the area) and land’s area, which has been estimated using SIG tools (𝐿=𝑝×𝑄). Resettlement costs 
of a new community (𝐶𝑛) has been more difficult since we had to include values for each public 
services, housing for householder, public buildings, open spaces, schools, hospitals, communication 
networks, commercial buildings among others. There has been a lack of information regarding towns’ 
planning and development from Ecuador; instead we have used guidelines and regulations from 
Communities of Granada and Galicia (Spain) for urban land and use planning. We have used such 
information as these communities share a similar vision of how to display the man-land relationship 
with towns in Ecuador. These guidelines and regulations relate people with building areas and these 
with the minimum required space that it should take into account to build a sustainable space. 
Resettlement costs have been defined as: 

𝑅𝑠=𝑖=1𝑛𝐿,𝐶𝑛    (2) 
  

In addition, we included as part of the total costs, all recovering costs needed to a mangrove habitat 
functioning. Recovering costs included mangle tree planting, recovering natural hydrological 
function. Furthermore, recovering costs included soil recuperation costs that included recovering soil 
natural functioning from abandoned shrimp’s farms, as well as recovering of soil functioning from 
areas where the city of Muisne is currently located and soil contamination related to the city (Table 1). 
The values of these different costs were estimated from different mangle recuperating studies  
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(Bayraktarov et al., 2016; GreenFlash Technologies, 2015; Shinde and Donde, 2015; Qadir et al., 
2014; Dominati and Mackay, 2013; Marchand, 2008; Goldstein and Ritterling, 2001; Lewis, 2001). 

 
Table 1: Estimates of costs implied in the recovery of the mangrove ecosystem of Muisne 
 
MANGROVE RECOVERING 
COSTS    

 AREA (ha) 
COSTS/UNI
T (US$/ha) 

TOTAL 
COSTS 
(US$) 

PLANTING MANGLE TREES 591,3 8961 5.298.639,30 
RECOVERING TIDAL FLOW 591,3 700 413.910,00 
RECOVERING SALT-SOIL 290,8 1191 346.342,80 
RECOVERING COMPACTED-
SOIL 68,9 300 20.670,00 
RECOVERING SOIL 
CONTAMINATION 300,5 4200 1.262.100,00 
TOTAL 1842,8 15352 7.341.662,10 

 
The total costs now may be defined as: 

𝑇𝐶=𝑅𝑠,𝑅𝑐                     (3) 

where, 

𝑅𝑠=𝑅𝑒𝑠𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 𝑖𝑛 𝑈𝑆$ 

𝑅𝑐=𝑀𝑎𝑛𝑔𝑟𝑜𝑣𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑖𝑛𝑔 𝑐𝑜𝑠𝑡  𝑖𝑛 𝑈𝑆$ 

The total costs of the city of Muisne resettlement reached a value of about 93.15 million US$, being 
approximately 5 million US$ more than the Ecuadorean´s governmental estimation of its resettlement 
program of Muisne in Bunche. 
 
Furthermore, the Muisne mangrove ecosystem benefits have been defined as the sum of all benefits 
from a healthy and well-functioning ecosystem and the avoided costs of housing and infrastructure. 
Therefore, the total benefits of Muisne’ mangrove ecosystem may be defined as: 
 

   𝑇𝐵=𝑖,𝑗𝑛𝐵𝑖,𝐴𝐶𝑗        (4) 

where  
𝐵𝑖= Economic benefits from ecosystem goods and services in US$ 
𝐴𝐶𝑗= Avoided cost of Muisne housing and infrastructure in US$ 
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Economic values of total benefits have been estimated from studies regarding environmental services 
in mangrove forests and potential earnings and/or ecosystem services monetary value assessment 
(Malik et al., 2015; UNEP, 2011; UNEP, 2014; Giri et al., 2008; Corbishley and Pearce, 2007; 
Shuichi, 2004; Rivera, 2001; Sathirathai, 2000; Cabrera et al., 1998; Gammage, 1997; Barbier et al., 
1997; Padilla and Janssen, 1996; Pearce, 1993; Ruitenbeek, 1992). Based on these studies, we have 
estimated the value of Muisne’s mangrove ecosystem and its services. The highest value has been 
calculated from fisheries (Table 2) and it is estimated from all efforts to capture fish species that use 
mangrove forest as a nursery area, being some 93,149,958.06 million US$. 
 
Table 2: Economic benefits estimation of Muisne’s mangrove good and services 

MANGROVE SERVICES US$/ha/yr Total Benefits 
FLOOD MITIGATION 911,00 1.678.790,80 
FILTERING NUTRIENTS AND 
CONTAMINANTS 1.800,00 3.317.040,00 
DECOMPOSITION OF WASTE 127,00 234.035,60 
SOIL CARBON STORAGE (937 Tc-ha-1) 327,95 604.346,26 
MANGROVE CARBON STORAGE (2,42 
Tc/ha) 0,93 1.709,20 
FISHERIES 5.500,00 10.135.400,00 
COASTLINE PROTECTION 238,93 440.305,36 
RESEARCH VALUE 184,40 339.812,32 
TOTAL 9090,21 16.751.439,54 
 
Flood mitigation, which is the environmental service provided by a mangrove forest in case of an 
impact by a tsunami, is also important in economic terms with an estimated 1.7 million US$. Even 
though table 2 lists just a few of goods and services that a mangrove may provide, the total amount of 
16.7 million US$ per year is a significant economic benefit. 
 
Furthermore, potential losses of housing and infrastructure in the Island of Muisne and of “Nuevo 
Muisne”, an illegitimate settlement the continent just in front of the main city of Muisne, has been 
estimated to strike some 93,149,958.06 million US$. The analysis did not take into account several 
costs such as market losses, commerce, potential earnings losses and personal consumption offsets. 
We did not consider both local and government taxes such as property taxes and income tax, value-
added tax, neither income increases throughout time, and worklife discounts. Thus, these estimates 
certainly will be much higher. 
 
The total economic benefits from recovering the ecosystem of Muisne would be some 109.9 million 
US$. Additionally, we calculated the benefit/cost ratio to observe if this resettlement proposal makes 
an economic sense, resulting to a  𝐵𝐶=1.16, which indicates an economic benefit. Therefore, the ratio 
allows us to conclude that in terms of human life, housing, and infrastructure and business relocation 
of Muisne should be severely considered by the state, regional and local authorities as well as policy 
makers.  
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4. CONCLUSIONS 

We estimated the value of a mangrove ecosystem recovery to influence policy decision making, as 
such reforestation helps to protect or mitigate susceptible areas of tsunamis in Muisne, along the 
central coast of Ecuador. The estimated mangrove recovery raised to some 109.9 million US$, which 
is significant, and hereby higher than the resettlement costs of the actual site of Musine Recovering 
Muisne mangrove will provide an estimate of 16 US$ million annually and secure ways of living of 
approximately 60% of the actual population. The B/C ratio of 1.16 demonstrates that such a project as 
proposed is of high efficiency. This calculated ratio also allows to conclude, that recovering of the 
Muisne mangrove at any scenario has a higher value than the potential resettlement costs. Therefore, 
the mangrove recovering means in terms of ways of living, housing, infrastructure and business 
relocation of Muisne needs to be considered by the policy makers. As resettlement usually occurs 
after a disaster stroke, our study suggests a preventing public policy, by using well-known evaluation 
tools such as BCA, SIG and other analysis tools. 
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