
 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 
 
 

 
VALE Flood 

Risk 
Assessment 
for Ecuador 

©Urrutia II, UNU-EHS 



 

 

 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VALE Flood Risk Assessment for Ecuador, ©UNU-EHS 2021 

Authors: 
Melisa Mena Benavidas (UNU-EHS), Konstantin Scheffczyk (UNU-EHS), Manuel Urrutia (UNU-EHS), 
Brenda Huerta (UNU-EHS), Yvonne Walz (UNU-EHS). 
 
Contributors: 
Guido Riembauer (mundialis), Angel A. Valdiviezo-Ajila (ESPOL), Gissela Díaz, Jhoyzett Mendoza 
(SNGRE) 
 
The authors and contributors would like to thank the local experts who shared their expertise in the 
participatory stakeholder workshop. Their knowledge helped to shape the flood risk analysis. 
 

This version may be freely quoted, provided that it is properly referenced. 

For more information about the VALE project and UNU-EHS, please visit: https://ehs.unu.edu. 

 

Funded by: 

  

    Space Administration 

 

https://ehs.unu.edu/


 

 

 3 

Table of contents 

 

Table of contents .............................................................................................................. 3 

Abbreviations ................................................................................................................... 4 

1 Introduction .............................................................................................................. 5 

2 Study area ................................................................................................................ 7 

2.1 Ecuador country profile ................................................................................................ 7 

2.2 Flooding in Ecuador ...................................................................................................... 8 

2.3 Study area: Focal provinces of Bolívar, Los Ríos and Napo at the parish level ................. 8 
2.3.1 Topography ..................................................................................................................................... 9 
2.3.2 Climate ............................................................................................................................................ 9 
2.3.3 Hydrology and flood hazard .......................................................................................................... 10 
2.3.4 Land cover ..................................................................................................................................... 11 
2.3.5 Demographics ............................................................................................................................... 13 
2.3.6 Primary economic activities .......................................................................................................... 13 

3 Risk assessment methodology ................................................................................. 15 

3.1 Conceptual framing and understanding flood risk in Ecuador ...................................... 16 

3.2 Identification of valid (risk) indicators ........................................................................ 17 
3.2.1 Literature Review .......................................................................................................................... 17 
3.2.2 Participatory Workshop ................................................................................................................ 18 

3.3 Analysis ..................................................................................................................... 20 
3.3.1 Data acquisition ............................................................................................................................ 20 
3.3.2 Data pre-processing ...................................................................................................................... 21 
3.3.3 Normalization and Weighting  ...................................................................................................... 22 
3.3.4 Aggregating the flood risk index ................................................................................................... 23 

4 Results .................................................................................................................... 25 

4.1 Indicator library ......................................................................................................... 25 

4.2 Hazard-exposure assessment ..................................................................................... 25 

4.3 Vulnerability assessment ........................................................................................... 28 

4.4 Risk index .................................................................................................................. 30 

4.5 Limitations................................................................................................................. 32 

5 Conclusion & outlook .............................................................................................. 34 

6 Bibliography ........................................................................................................... 36 

7 Annexes .................................................................................................................. 38 
 
  



 

 

 4 
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1 Introduction 
Understanding disaster risk is the main priority for action of the Sendai Framework for Disaster Risk 

Reduction (SFDRR)1 (UNISDR, 2017) and it is essential to guide disaster governance and achieve 

disaster risk reduction (DRR). Flooding is a natural hazard that affects millions of people per year, and 

the number of people affected worldwide is projected to increase from 72 million in 2010 to 147 

million in 2030 (Kuzma & Luo, 2020). Hazard event databases, such as DesInventar2 and EM-DAT3, 

record more flood disasters than any other disaster type. Since 1970, there were 4705 flood events 

reported only in Ecuador, which resulted major loss and damage (United Nations DesInventar, 2021). 

However, it is still not clear why some areas exposed to flooding experience far more severe impacts 

than others, despite a similar magnitude of flood hazard intensity. This holistic understanding of what 

factors drive disaster-related impacts is, however, an essential information to plan risk reduction 

strategies in an efficient and targeted manner. Therefore, greater understanding of flood risk drivers 

is needed to reduce flood disaster risk. Gaining knowledge of flood risk drivers to ultimately reduce 

these risks is the underlying motivation for the indicator-based flood risk assessment that the United 

Nations University - Institute for Environmental and Human Security (UNU-EHS) has conducted with 

the support of the National Service for Risk and Emergency Management of the Government of 

Ecuador (SNGRE), in the context of the VALE project. Further support was provided by the project 

partner mundialis Co. KG. 

 

The overall aim of the VALE4 project is to model and validate loss and damage due to flooding in a 

spatially explicit way in order to inform selected indicators of the SFDRR (Figure 1). To achieve this, 

the VALE team needs to understand the underlying drivers of risk, namely the combination of flood 

hazard, exposure, and vulnerability to flooding in Ecuador in order to model differences in flood-

related impacts. Against this background, we conducted in close collaboration with the SNGRE the 

here presented indicator-based risk assessment for the three selected provinces Bolívar, Los Ríos, and 

Napo, which represent at its most the diversity of Ecuador’s ecological zones. In VALE, we also 

collaborate with the country office of the United Nations Development Program (UNDP) and the 

United Nations Office for Disaster Risk Reduction (UNDRR) as associated project partners, which 

ensures that the development and validation of modeling indicators of the SFDRR is in line with the 

national and international approach of implementing the SFDRR.  

 

Conducting hazard and risk studies in Ecuador presents scientific and technological challenges, due to 

the great dispersion of information and the difficulty of accessing data from local institutions in the 

field (D’Ercole & Trujillo, 2003; Aguirre, N. et al., 2015). UNU-EHS conducted a systematic and snowball 

literature search that yielded no relevant papers with flood risk assessments across municipalities. To 

our knowledge, there is no large-scale flood risk assessment within Ecuador that gives an 

understanding of the main drivers of flood risk. Previously conducted flood risk assessments within 

                                                 
1 International document adopted by the United Nations member states on 2015 as the encompassing international accord 
on disaster risk reduction. It is the successor agreement to the Hyogo Framework for Action (2005-2015) 
2 Disaster information management system of the United Nations. It is an open source initiative. 
3 International disaster database by the Centre for Research on the Epidemiology of Disasters- CRED, in Belgium 
4 VALE stands for the “Development and VALidation of earth observation-based indicators for the monitoring of the Sendai 
framework using the example of flooding in Ecuador” (https://ehs.unu.edu/research/vale-development-and-validation-of-
earth-observation-based-indicators-for-the-monitoring-of-the-sendai-framework-using-the-example-of-flooding-in-
ecuador.html#outline) 
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Ecuador focused on a single city or municipality in the coastal region (Borbor-Cordova et al., 2020; 

Tauzer et al., 2019). However, these studies, while limited in scope, provided key insights into localized 

drivers of flood hazard, exposure, and vulnerability.  

 

 
Figure 1: VALE conceptual framework. The VALE key outputs are presented in the red boxes. The risk to 

flooding presented in this report is a stand-alone product but provides a direct input for the derivation 

and validation of the geospatial model on selected indicators in reference to on the ground loss and 

damage data from the SNGRE event database. 

 

This risk assessment report presents a stepwise approach to conduct an indicator-based risk 

assessment, building on the combination of a desktop-based and a participatory stakeholder 

approach, which resulted in a library of specific drivers and indicators of flood risk in Ecuador.   

Following this, geospatial data were selected for a quantitative risk assessment of the relevant 

indicators in a spatially explicit way. The results of the risk assessment show different information 

products, which can be adjusted to different needs to the target audience and information users. The 

here presented approach will demonstrate results of a regional level risk assessment in Ecuador, which 

aims at enabling decision makers to plan strategies and the allocation of resources to reduce flood risk 

at the smallest administrative unit, the parish level. As a next step, this methodology could be scaled 

up to the national level, and then in turn be used as a tool for any future risk assessments at the 

national level. 
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2 Study area 
This chapter provides an overview of the VALE study area, beginning with the country of Ecuador and 

moving on to specific topics of the focal provinces of this report, Bolívar, Los Ríos, and Napo.  

 

2.1  Ecuador country profile 
Ecuador is an equatorial country in South America, bordered by the Pacific Ocean to the West, 

Colombia to the North, and Peru to the East and South. The country’s mainland is split into three main 

ecological regions, the coastal, mountain, and Amazon regions, and one insular region (Galapagos). 

These ecological regions have a variety of climates, biomes, and ecosystems due to the country’s 

equatorial geographic position, the presence of ocean currents, and the Andes Mountains. The 

country has a winter rainy season that largely falls between November and June, and a summer dry 

season with less precipitation from June to December (SGR, ECHO, & UNISDR, 2012); however, the 

seasonality is further influenced and modified by other climatic phenomena, for example, the El Niño–

Southern Oscillation (ENSO). Ecuador has an extensive hydrographic network, except in the arid 

western and south western coastal areas. Most rivers originate in the high-Andean region, and then 

head towards the Amazonian plain or towards the Pacific Ocean. Two of the country’s principle 

watersheds are the Guayas watershed, composed of the Duale and Babahoyo rivers and their 

tributaries, and the Napo watershed (see Figure 2).  

 
Figure 2: VALE project’s 3 focal provinces with their respective ecological regions, watersheds, and parishes 

 

©ESRI, USGS, SNGRE, UNU-EHS 



 

 

 8 

Ecuador’s population according to the last national census in 2010 was 14.5 million (INEC, 2010) with 

projections estimating that the population will reach 18.6 million inhabitants by 2025 (INEC, 2010), 

2013). 44.23% of the urban population at the national level are concentrated within the cities of 

Guayaquil and Quito. The country is divided into 24 provinces and 9 national level coordination 

zones.  

 

2.2 Flooding in Ecuador 
According to data obtained from Desinventar, from 1970 to the present day, flooding accounts for 

the greatest number of hazard events reported and is the leading cause of hydro-meteorological 

hazard deaths, and the third largest leading cause of all hazard related deaths in the country (United 

Nations DesInventar 2021).  

 

Flooding in Ecuador is influenced by the complex interlinkages between meteorological, 

oceanographic, and hydrological systems found within the country, such as weakening of the trade 

winds, increased evaporation caused by high temperatures, intense and seasonal coastal orographic 

precipitation caused by the Andes, and the overflowing of rivers, the accumulation of rainwater and 

the influence of tides (SGR, ECHO, & UNISDR, 2012). Ecuador experiences regular recurrent flooding, 

particularly in the lower coastal basins, Amazonian basins and some basins in the Andes Mountains 

(ibid.). According to the SNGRE (SGR, ECHO, & UNISDR, 2012), the main drivers of flooding are 

seasonal precipitation, the ENSO phenomenon, limited capacity of drainage systems in urban areas, 

damming of rivers, bursting or overflowing of dams and reservoirs, storm surges, and associated 

effects of volcanoes, such as the rapid melting of ice and snow at the summit that washes down 

falling ashes and debris, heavy rains that accompany or follow explosive events, and the 

destabilization of local hydrological cycles (ibid.; Todesco, 2004). 

 

 

2.3 Study area: Focal provinces of Bolívar, Los Ríos and Napo 
at the parish level 

The complexity found in Ecuador’s flooding regimes led to the selection of three focal provinces that 

represent each of Ecuador’s three main distinct ecological regions: coast, mountain, and Amazon. 

This diverse ecological representation in the flood risk assessment leads to greater understanding of 

the heterogeneity of flood risk drivers. Bolívar (mainly mountainous province), Los Ríos (mainly 

coastal province), and Napo (mountainous and Amazonian province) were the selected provinces 

and comprise the study area of this risk assessment (see Figure 2). Parishes were selected as the 

spatial unit of analysis, and they are the smallest administrative unit and offer the greatest insight 

into the heterogeneity of risk driver. A parish reference map and table, which detail the location and 

name of all parishes considered within the study have been included in Annex A. Further figures with 

parish information will not include parish names. Readers should refer to Annex A to identify 

parishes in figures. Furthermore, mention of parishes by name in the text will include their reference 

number in brackets [ ]. For example, “Baba” will be written as “Baba [1]”. 
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2.3.1 Topography  
Bolívar is a mountainous province located on the outer slopes of the Cordillera Occidental, the 

western range of the Andes, but with parts of the province and extending within the inter-Andean 

regions and down to the coastal ecological region. Its surface is dominated by hills, mountains, and 

snow-capped mountains, plains, valleys, ravines, and gorges. According to Bolívar’s official Land 

Management and Development Plan (in Spanish known as the Plan de Desarrollo y Ordenamiento 

Territorial, here after abbreviated to LMDP), altitudes within the province range from 180 meters 

above sea level (m.a.s.l) to over 4,000 m.a.s.l. in the highlands (LMDP Bolívar 2015). 

 

Los Ríos is a low-lying coastal province. A little less than half of the province’s surface lies below 50 

m.a.s.l., while roughly a quarter is between 51-100 m.a.s.l. and another rough quarter is between 

101-1000 m.a.s.l. Only a fraction of its surface reaches above 1000 m.a.s.l (LMDP Los Ríos 2015).  

 

Napo’s topography is diverse in that the province lies in the central north area of the Amazon region 

and in the eastern range of the Andes Mountains, with its topography ranging from 300 to 4,874 

m.a.s.l. A large area (29%) is composed of the eastern slopes of the Cordillera Real, the eastern chain 

of the Andes Mountains within Ecuador. This region represents a transition zone between the 

mountains and the sub-Andean regions and varies between 1000 to 3,500 m.a.s.l. The other 

dominant physiographical domains are the high mountains of both the Cordillera Occidental, the 

western Andes chain, and the Cordillera Real (19%, +3,000m.a.s.l.) and the sub-Andean zone (27%, 

1000 m.a.s.l to 2500 m.a.s.l) (LMDP Napo 2019). A smaller percentage of Napo is covered by the 

peri-Andean Amazonia (8 %), which includes various hills, foothills, piedmont plains, and swampy 

formations of the fluvial complexes ranging from 300 to 600 m.a.s.l. 

 

In summary, Los Ríos is an almost entirely low-lying coastal province, Bolívar is mostly mountainous, 

with some low-lying areas, and Napo is a transition province from mountainous to Amazon, with 

large areas of both. 

 

2.3.2 Climate 
Bolívar’s topography leads to a large variety of climates and microclimates, including tropical, humid 

tropical, subtropical, dry temperate, humid temperate, dry cold, humid cold and glacial climates, 

with average annual temperatures range from 2°C to 26°C (LMDP Bolívar 2015). Annual precipitation 

rates vary throughout the province, ranging from 250-3000 mm (ibid.). Although the variety of 

microclimates produce highly variable precipitation patterns, there are two rainy seasons, from 

February to May (heavy) and from October to November (lighter) (Portilla Farfán 2018). There is also 

a strong dry season between June and September, and a second, weaker one from December-

January (ibid.) 

 

Los Ríos’s climate is split between the northern and southern areas of the province. The province’s 

development and land management plan (LMDP Los Ríos 2015) states that the northern area’s rainy 

season occurs between December-May, with January-April being above the yearly average (311mm) 

and April being the maximum (419mm). Annual temperatures fluctuate between 25°C and 28°C. The 

southern part of the province’s rainy season also occurs from December-May, but with February-
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April being above the average (288mm) and the maximum occurring in February (492mm) with 

temperatures fluctuate between 24°C and 27°C in the south (ibid).  

 

Precipitation in Napo on average ranges from 1100-3400mm per year, with the greatest amount of 

precipitation occurring from March-May (LMDP Napo 2019). There is a drier season occurring from 

July to September, but there is rain throughout the year. There is little fluctuation in Napo’s average 

temperature, oscillating between 18° and 19°C. 

 

Both Bolívar’s and Los Ríos’s rainy season happen between the months of October-May and 

December-May, respectively, but Napo’s rainy season is much shorter, occurring from March-May. 

 

2.3.3 Hydrology and flood hazard 
Bolívar’s hydrographic system is divided by a subsection of the western Andes, known as the Chimbo 

mountain range, which crosses through the middle of Bolívar longitudinally from north to south, 

creating a watershed with two sections: the western section runs towards the coast and forms part 

of the Babahoyo River sub-basin; and the eastern section, forming the Chimbo River, which runs 

from north to south of the Bolívar territory and flows into the Yaguachi sub-basin (LMDP Bolívar 

2015) (Figure 2). A portion of the province is also part the Jujan river sub-basin. All three sub-basins 

are in turn part of the larger Guayas river basin. Bolívar (2015) does not count flooding as one of its 

major natural hazards, although VALE’s field site visit revealed that local flash flooding does occur.  

 

Los Ríos is situated on the Babahoyo River floodplain. Most of its geomorphological surface area is 

composed of alluvial plains, in which the flood plain is widely developed (LMDP Los Ríos 2015) This 

flood plain is present within all 13 cantons of the province and covers approximately 79% of the total 

surface area, exposing 50% of the province’s southern settlements to seasonal flooding (ibid). Most 

of the province’s rivers originate in the Cordillera Occidental (western range) of the Andes, the 

primary river being the Babahoyo River with its tributaries the Vinces, Zapotal and San Pablo rivers. 

According to Los Ríos’s LMDP (ibid.), the province experiences five distinct types of flooding: 

recurrent stagnation from the rainy season; dried riverbeds that become full due to torrential rain 

flooding; flooding from overflowing rivers; low-lying areas surrounding the mouth of the Mantequilla 

River; and low-lying areas in the Babahoyo Sub-basin. 

 

Napo’s main rivers are the Napo, Tena, Pano, and Misahuallí rivers. The province experiences regular 

flooding due to natural and recurrent river overflows that are caused by prolonged and intense 

rainfall, or by short but extremely heavy rainfall on flat land (LMDP Napo 2019). The province 

experiences regular flooding from the Tena, Pano and Misahuallí rivers overflowing their banks and 

affecting communities along the riverbanks, as well as the central part of the city of Tena during the 

months of July-September (LMDP Napo 2019). Napo recognizes that 3% of its surface areas is highly 

susceptible to flooding while another 2.36% are have a medium susceptibility to flooding. 

 

In summary, Bolívar’s and Los Ríos’s sub-basins feed in the larger Guayas river basin, while Napo’s 

sub-basins are part of the Napo river basin. Flooding is more prevalent in Los Ríos and Napo, while 

less so in Bolívar. 
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2.3.4 Land cover 
Figure 3 provides an overview of the focal provinces’ land cover. Bolívar’s land cover is primarily 

composed of pasture for livestock (36% of land cover), mosaic cropland (18%), native forests (15%), 

shrubland (10%), cropland (7%) and high, tropical, montane vegetation above the continuous 

timberline, but below the permanent snowline, known as páramo (7%) (MAG 2020a). 35 different 

crops are grown in Bolívar, but 6 crops represent 82% of total cropland coverage: corn mixed with 

cultivated pasture, cacao, cultivated pasture with trees, orchards, cereals, and corn (MAG 2020a). 

Crop production systems within Bolívar are dominated by mercantile production systems that 

concentrate on selling to the local consumer market with the aim of increasing capital, and with 

minimal self-consumption (Table 1) (MAG 2020b). Marginal production systems, those that use 

mostly hand tools, self-subsistence predominates, and household income is largely based on extra 

income generated from the sale of the labor force inside and outside the agricultural activity (ibid.) is 

also present within Bolívar, but is dwarfed by mercantile production (7.12% versus 92.11%). 

Settlement areas account for only 0.7% of the province’s surface area and infrastructure accounts 

for 0.03% (MAG 2020a). 

 
Figure 3:  VALE’s focal provinces with major land cover classes 

 

 

©ESRI, USGS, MAG, UNU-EHS 
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Table 1: Agricultural production systems as percentage of total cropland per province (MAG 2020a) 

Agricultural Production System Bolívar Los Ríos Napo 

Marginal 7.12 1.44 25.76 

Mercantile 92.11 66.29 68.47 

Combined Mercantile-Industrial 0.21 12.03 0.00 

Industrial 0.04 20.23 0.00 

No Data Available 0.53 0.01 5.76 

 

In Los Ríos, agriculture dominates the landscape with 68% of the province’s land cover. Despite 

having 51 different crops grown within the province, 5 crops dominate with 87% of the cropland’s 

extent: cacao, corn, rice, bananas, and African palm (LMDP Los Ríos, 2015, MAG 2020a). The crop 

production system within Los Ríos is more diverse than that of the other two provinces, but it is still 

dominated by mercantile production. There is a large presence of industrial production systems, 

whose goal is to maximize profit via highly technical processes and are linked to agro-industrial and 

export markets (MAG 2020b). There are also combined mercantile-industrial systems, which 

represent a transition from mercantile to industrial systems, and are linked to national markets. Los 

Ríos also has a sizeable amount of pasture for livestock (12%), and has more settlement areas within 

the province in comparison to the other focal provinces, although it accounts for only 1.1% of the 

total surface area. Infrastructure (which in Los Ríos includes aquaculture) within the province covers 

0.11% of land cover. 

 

Napo’s land cover is covered mostly in native forests (73% of land cover) and páramo (13%). Pasture 

for agriculture accounts for 4% of the land cover, while all types of agriculture account for 2% of land 

cover. Just two types of crops account for 79% of cropland, cultivated pasture with trees (58%) and 

cacao (21%). Although mercantile production systems dominate within the province (68.47%), Napo 

has the largest share of marginal systems (25.76%) of all the focal provinces. Infrastructure (which 

also includes aquaculture) accounts for 0.1% of land cover, while settlement areas account for 0.27% 

of land cover. 

 

While Bolívar’s land cover is not dominated by a single land class to the extent of the other focal 

provinces, the majority of land cover is pasture for livestock and various forms of agriculture, which 

are produced mainly under mercantile production systems linked to local markets. Bolívar’s 

settlement areas are smaller than that of Los Ríos’s, which has the largest extent of settlement areas 

amongst the focal provinces. Los Ríos’s land cover is dominated by agriculture, of which is 

concentrated in a few cash crops. This is reflective of the more commercialized nature of the 

province’s agricultural production systems that are mostly mercantile but with greater shares of 

combined mercantile-industrial and industrial systems. This stands in contrast to Napo’s cropland, 

which has more marginal production systems and is much smaller than the other provinces’ 
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cropland. Napo is predominately covered by native forests and páramo, and has the smallest share 

of settlement areas of any of the focal provinces. 

 

2.3.5 Demographics 
Bolívar’s population in the last national census (INEC 2010) numbered 183,641 inhabitants, 72% 

living in rural areas and 28% in urban areas. Bolívar’s population is with 44% under the age of 20 

years young and has 51% females. The province’s economically active population (EAP) (ages 15-64) 

are 57% of the total population, with those over the age of 65 accounting for 10% of the total 

population. According to the 2010 Census (INEC), Bolívar had the highest rate of illiteracy of any 

province in the country with 13.9%. The ethnic background of Bolívar’s population consists of people 

describing themselves as follows: 70% mestizo (mixed Spanish and indigenous ancestry), 1% 

montubio (Ecuadorian costal specific mestizo with distinct cultural traditions), 1% Afro-Ecuadorian of 

Afro-descent, 25% indigenous, 3% white, and 0.1% other (INEC 2010).  

 

53% of Los Ríos’s 778,115 inhabitants live in urban areas and 47% in rural areas, with 51% of the 

province's inhabitants being men and 49% women (INEC 2010). The province’s population is 

composed of mostly young people, with 2010 census data indicating that half of the population is 

under 23 years of age; the working age population (15-64 years) was 61% with the elderly 

population (65 years and older) at around 6%. Los Ríos had an overall illiteracy rate of 9% in 2010. 

The ethnic background of Los Ríos’s population consists of 72% of people describing themselves as 

mestizo, 7% montubio, 7% Afro-Ecuadorian of Afro-descent, 7% indigenous, 6% white, and 0.4% 

other (INEC 2010).  

 

Napo had a population of 103,697 people in 2010, and a projected 2020 population of 133,705 (INEC 

2010). Much of the province’s population is concentrated in rural areas (64%) versus urban areas 

(36%). Napo has a mostly young population. Data from 2016 indicates that Napo’s illiteracy rate was 

at 4% at the time. The ethnic background of Napo’s population consists of 38% mestizo, 1% 

montubio, 2% Afro-Ecuadorian of Afro-descent, 57% indigenous, 3% white, and 0.2% other (INEC 

2010).  

 

All provinces have a young population with mainly mestizo populations, though Bolívar and Napo 

have higher percentages of indigenous and rural populations, while Los Ríos’s population is more 

urban and less indigenous. Napo has the lowest illiteracy rate, followed by Los Ríos and Bolívar with 

increasing rates. 

 

2.3.6 Primary economic activities 
In 2012 (LMDP Bolívar 2015), a total of 23% of Bolívar’s EAP worked in primary activities, which 

include agriculture, livestock, forestry and fishing as one sub-sector, and mining and quarrying as 

another sub-sector. 17% of the province’s EAP worked in the secondary economic sector, which 

encompasses various sub-sectors, including water and electricity distribution, construction, 

manufacturing, and industry. The third economic sector, composed of many sub-sectors (e.g. 

wholesale and retail trade, transportation, storage, accommodation and service activities, public 

administration and education areas, etc.) constituted the largest economic sector with 51% of 

Bolívar’s EAP. Most of Los Ríos’s EAP (41% of 292,722 people) works in the primary sector, while 9% 
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work in secondary sector and 36% work in the third sector (LMDP Los Ríos 2015). 39% of Napo’s EAP 

work in the primary sector, 4% work in secondary sectors, and 47% work in the third sector. 

 

Bolívar’s and Napo’s primary economic activities are commercially, service, or public service 

oriented, while Los Ríos’s economic activities are primarily agricultural. The mountainous province of 

Bolívar has the lowest history of flooding, while the Amazon province of Napo and the coastal 

province of Los Ríos have more flood experience. Bolívar has mostly pasture for livestock, Los Ríos 

has mostly cropland, and Napo has mostly native forests as land cover. All focal provinces have 

predominantly young populations, Bolívar and Napo’s populations live mostly in rural areas, whereas 

Los Ríos’s population is slightly more urban.  
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3 Risk assessment methodology 
Risk is the result of the interaction between hazard, exposure, and vulnerability. This report looks at 

flooding as a hazard for Ecuador and the identification of drivers of risk and the spatial mapping of 

risk areas at the parish level for the three focal provinces. The assessment of flood risk follows a 

quantitative approach using indicators and aggregated indices. Overall, the structure of the 

methodology is based on the Handbook on Constructing Composite Indicators OECD 2008 (Nardo et 

al., 2008) coupled with risk specific conceptualization by Hagenlocher & Castro, 2015, where risk is a 

function of hazard and exposure times vulnerability (Field et al., 2014). Box 1 provides and overview 

of terminologies used and their respective definitions. Figure 4 summarizes the main methodological 

procedures to develop a composite risk index. The process consists of two central elements, first the 

development of the concept and second the analysis of the quantitative data. Similarly, this chapter 

consists initially of an explanation of the conceptual development followed by a thorough 

explanation of the data treatment and analysis.  

 

Box 1: Working definitions 
Our understanding of risk and its components follows the definitions of the IPCC, 2014: 

 Risk is defined as the “potential for consequences where something of value is at stake 

and where the outcome is uncertain, recognizing the diversity of values” (Field et al., 

2014).  

 Hazard is “the potential occurrence of a natural or human-induced physical event … that 

may cause loss of life, injury, or other [damages]” (Field et al., 2014).  

 Exposure is defined as “the presence of people, livelihoods, species or ecosystems, 

environmental functions, services, and resources, [and other assets] in places and settings 

that could be adversely affected” (Field et al., 2014).  

 Vulnerability is “the propensity or predisposition to be adversely affected, it encompasses 

a variety of concepts and elements including sensitivity or susceptibility to harm and lack 

of capacity to cope and adapt” (Field et al., 2014). 

Risk is the product of vulnerability and exposure to a hazard, in this case flooding. The 

operationalization of this understanding follows a framework from the OECD Handbook (Nardo et 

al., 2008) and Hagenlocher & Castro, 2015 (Figure 4). Hazard is the 1-percent annual exceedance 

probability (AEP) of floods for Ecuador and exposure is composed of several elements located 

within the flood extent, such as agriculture, infrastructure, and population.  Vulnerability is made 

up of several indicators that capture susceptibility and coping capacity to floods. 
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Figure 4: Flowchart of the methodological procedure, own graphic based on OECD Handbook 
(Nardo et al., 2008) and adapted from Hagenlocher & Castro (2015). The flowchart is divided into 

two main sections, one for the conceptualization of the indicators and one for the analysis and 
construction of the risk index 

 

3.1 Conceptual framing and understanding flood risk in 
Ecuador 

The conceptual understanding of disaster risk has evolved over the years, from a focus on the hazard 

to a more holistic understanding that looks at exposure and vulnerability as important drivers that in 

combination with the hazard form risk. The conceptual framework developed by the Working Group 

II of the IPCC’s Fifth Assessment Report (WGII AR5) was adopted to frame our understanding 

because it underscores the relative independence of the elements of risk unlike other previous 

conceptual frameworks (Birkmann et al., 2013; Turner et al., 2003; Field et al., 2014).  The 

framework recognizes that the climate system and socioeconomic processes shape hazard, 
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exposure, and vulnerability (Field et al., 2014), and in this way society’s contribution to modify these 

elements is also acknowledged (Figure 5). 

 

 
Figure 5: Risk framework of the WGII AR5 and its link to climate change (Field et al., 2014) 

 

3.2 Identification of valid (risk) indicators 
To better understand case specific flood risk drivers a two-step procedure was followed: First step 

was a literature review to derive drivers of flood risk from relevant publications on flooding in 

Ecuador, and second step was a participatory workshop with relevant stakeholders from the study 

area to validate and rank drivers of flood risk.  

 

3.2.1 Literature Review  
The identification of context specific drivers for flood vulnerability followed a literature review 

applying structured keyword search and snowball methods. For the structured keyword search 

conducted on April 7th, 2020 (n=8), the scientific databases ‘Web of Science’ and ‘Scopus’ were 

consulted. For both databases, a search with the word “flood” for the topic and “Ecuador” in the 

title was used. After eliminating the repeated publications, the papers selected for further revision 

were about flood risk in broad terms, whether it dealt with a specific sector’s vulnerability, hazard or 

exposure. Papers about the relation of risk index methodologies to natural hazards were also 

selected to acknowledge proxies used previously. Based on these criteria, relevant publications were 

read in full length and considered if they were found useful to inform about the country’s drivers of 

vulnerability to floods.  
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The structured review was complemented with a snowball sampling based on citations, where the 

reference list of the previously selected papers was inspected for publications about flood 

vulnerability drivers and indicators. Furthermore, a snowball review was conducted on Google and 

supplementary recommendations of the SNGRE were included. The resulting publications were used 

to build a preliminary list of drivers including susceptibilities and coping capacities, which was 

progressively refined in collaboration with the SNGRE.  

 

Through all the process, eight publications were used to build a preliminary list of flood vulnerability 

drivers including susceptibilities and coping capacities, progressively refined in collaboration with 

the SNGRE. Overall, 70 drivers resulted and were then further evaluated in the participatory 

stakeholder workshop to enhance their validity.  

 

The literature-based list of vulnerability drivers was complemented with a list of relevant exposed 

elements. The list of exposed elements was derived based on flood-related loss and damage (L&D) 

data from SNGRE.  

 

3.2.2 Participatory Workshop 
Drivers of risk are context specific. Consequently, local knowledge of the territories where people 

reside, particularly for areas with recurrent floods, should inform the understanding of flood risk 

drivers. For this reason, the project facilitated a two-day virtual participatory stakeholder workshop 

with local experts to deepen our understanding and prioritize risk drivers that resonate with the 

realities of our study area. The process was conducted on October 21st and 22nd, 2020. Overall, 60 

gender-balanced Ecuadorians participated, representing the three focal provinces and a variety of 

institutions, including the SNGRE, cantonal municipal governments (GAD), disaster risk management 

professionals and volunteers, and representatives from various Ecuadorian ministries, including the 

Ministry of Agriculture and the Ministry of Environment. 

 

On the first day, participants were asked to answer an online survey conceptualized in collaboration 

with SNGRE using QuestionPro5. This survey consisted of two similarly structured parts, one for 

exposure and hazard, and another for vulnerability. The questions required a ranking of drivers in 

terms of their relevance in increasing flood risk in a scale from 1 to 5, where 1 was ‘not relevant’ and 

5 was ‘extremely relevant’. Participants were also given the opportunity to propose new drivers they 

considered relevant and missing on the survey.  

 

The statistical evaluation of participants’ responses to drivers of exposure and vulnerability was 

provided by QuestionPro. The mean and standard deviation (SD) were of interest because these 

values were used as criteria to group drivers for their overall relevance and participants’ consensus.  

Accordingly, a mean lower than 2 meant the driver was not relevant and could be excluded, a mean 

lower than 4 meant the driver was relevant and a mean greater than 4 meant the diver was 

extremely relevant. Whereas for the SD, a high value means a greater dispersion of results from the 

mean, indicating different perspectives between stakeholders. Based on this, a SD threshold defined 

                                                 
5 QuestionPro is an online survey software. 
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by the third quantile with a value of 1.1, was used to retrieve a list of disputed indicators. These 

statistics were then used as a basis for discussion on the second workshop session (Table 2). 

 

Table 2: Criteria to group drivers regarding their relevance and participants’ consensus 

Grouping criteria / condition Grouping 

Driver’s ranking mean < 2 Driver not relevant 

Driver’s ranking mean < 4 Driver is relevant 

Driver’s ranking mean >= 4 Driver is extremely relevant 

Driver’s ranking SD > 3rd quantile Disputed driver 

  

On the second day, the list of disputed indicators was discussed amongst three randomly chosen 

participant breakout groups to determine a consensual mean value that would later be used for 

weighting in the risk assessment. Participants arrived at a common understanding of the drivers’ 

mean scores, and in some instances, discussed the heterogeneity of the drivers across the focal 

provinces; for example, households with their own means of transportation in the coast are not able 

to escape flooding due to the impassibility of flooded roads, while those in the Amazon are able to 

escape. The results were collected and commonly presented in a plenary discussion. Additionally, 

new drivers proposed by participants on the first session were presented to all participants and 

underwent the same ranking procedure. With the acquired understanding on flood risk and the 

nuances of its elements (hazard, exposure, and vulnerability) for the focal provinces, the next step 

was to give quantitative values to these drivers, or find proxies and associated data, in order to build 

a risk index. As a result of the workshop, and in collaboration with the SNGRE, an intermediate, 

validated indicator library with assigned weights per indicator was created. This was then used as 

the basis for the data acquisition process. 
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3.3 Analysis 
For the calculation and derivation of a risk index, the understanding of risk needs to be substantiated 

with data that quantify indicators of the indicator library for the Ecuadorian context as accurately as 

possible. Figure 6 provides an overview of the steps presented in this chapter. 

 

 
 

Figure 6: Flowchart of the methodological procedure, own graphic based on the Handbook on Constructing 
Composite Indicators OECD 2008 (Nardo et al., 2008) and adapted from Hagenlocher & Castro (2015) 
indicating the steps for the analysis and construction of the risk index. © UNU-EHS 

 

3.3.1 Data acquisition 
As this assessment focuses on the parish level, the spatial resolution of data has been at this level or 

below (e.g. at sub-parish or grid level). Therefore, the data sourced by the Ecuadorian government 

was prioritized based on accuracy and reliability. However, some (hazard and exposure) datasets 

were consulted from external websites due to lack of appropriate data formats or incompleteness 

(flood hazard/severity, population density/distribution, roads).  Depending on the risk element, the 

required data format could be tabular (spatial vector data), or spatial raster data for the risk index 

calculations. These data sources are integrated in the indicator library in relation to the respective 

indicators they inform, which can be found in the Annex.  

 

For the hazard component, flood probability data was retrieved from the Global Risk Data Platform 

of the UNEP GRID, which originally supported the Global Assessment Report on Disaster Risk 

Reduction (GAR) 2015. A 1-percent annual exceedance probability (AEP), also known as a 100-year 

return period, was selected as these are high magnitude floods that have a 1% chance of happening 
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in any year. The highest level of a given river, that is to say, the greatest difference between river 

height and depth, was chosen in order to determine a greater exposed area.   

 

The exposure component of this risk assessment is composed of three main categories: population, 

agriculture and (critical) infrastructure.  While most datasets were retrieved from official Ecuadorian 

sources, the dataset for population distribution was generated by the project partner mundialis 

based on Facebook’s high resolution population data (Facebook, 2019; mundialis 2021). Additionally, 

the road network was acquired externally from OpenStreetMap6 because of its degree of detail. The 

exposed element of livestock required a combination of official agricultural survey projections 

containing the number of livestock (including beef cattle, milk cows, sheep, goats, pigs, mules, 

horses, and fowl) at the provincial level with agricultural land use data to determine the number of 

animals per 30m2.  

 

Data was not available for all identified drivers for flood vulnerability, including households with 

individual means of transportation, people who rent housing, informal dwellings, and recent 

migrants. However, the subset of available data was collected from different sources including the 

latest country census from the year 2010, indicators collected and calculated by different Ecuadorian 

institutions as well as open data available in national and international geoportals. 

 

The availability of geospatial data for certain indicators and the non-availability for others resulted in 

an adaptation of the intermediate indicator library and was refined to a final indicator library. If an 

assessment at a national level should take place, a similar workshop would have to be repeated with 

representatives from all provinces via an online survey in order to take into account the diverse 

perspectives within the country. Further main points to take into consideration during the data 

acquisition process would be to ensure that the spatial resolution is at the parish level, which would 

allow for comparability for the whole country, and ensuring that data is complete. 

 

For the objective of building a composite index, the utilized datasets of various sources need to be 

comparable. Hence, several operations of pre-processing on the data were required in advance of 

further calculations.  

 

3.3.2 Data pre-processing 
Based on the various input data for the flood risk assessment, different and data format-specific pre-

processing steps were performed. The raster datasets were transformed and rescaled to a target 

resolution of 30 m to ensure data conformity with already existing raster data. The original 

resolution of the population dataset was selected as reference. Mainly for the hazard-exposure 

calculation, the acquired vector data was converted into raster data. Point data were also converted 

to 30x30 m pixels, considering the limitations of building representative data and most of the 

acquired datasets in tabular format were cleaned to fit the parish-wise calculations. The data pre-

processing comprises of two calculation streams: the calculation of combined hazard-exposure 

values and the derivation of the vulnerability index. 

 

                                                 
6 Open source software to create free editable maps from geodata 

https://www.openstreetmap.org/
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3.3.2.1 Hazard-exposure 
The generation of hazard-exposure values results from a spatially explicit operation, where the 

hazard raster and the raster with the exposed elements are multiplied. This is why it was necessary 

before to convert all input data of exposed elements into raster datasets. Thereby, a distinction is 

necessary between binary and constant exposed elements, where the exposed pixel values equal 1 

(and non-exposed pixels have NoData, i.e. cropland) and continuous exposed elements (i.e. 

population and livestock). The treatment of exposed elements with continuous values requires 

additional steps. As the pixel values for the continuous exposed elements range between 0 and 1, 

their hazard-exposure would be noticeably less compared to the binary exposed elements. To take 

this into account, we introduced the ‘exposed element value’ of 1 to those datasets, which produces 

a raster dataset with values between 1 and 2 and can be used for the hazard-exposure calculation.    

 

 

3.3.2.2 Vulnerability  
For the calculation of the vulnerability index at the parish level, appropriate data for indicators were 

acquired and used to represent the various vulnerability drivers consolidated in the participatory 

workshop. Aside from the above-mentioned pre-processing steps, data comprising of percentage 

values could be directly used for the indicator-based risk assessment and the vulnerability index 

calculations. Due to the indicator comparison at parish level and investigation of heterogeneity, the 

data need to be relative at the parish level. Hence, the remaining data that were in other formats 

needed further preparation, either with numerical modifications or GIS operations, before their use 

in the calculations (see more details in the indicator library in Annex D). 

 

The data was statistically inspected and treated to reduce distortions in the final aggregation. The 

distribution of the data is important as outliers and skewness can pull the combined results to one 

end. Hence, data is checked for outliers, missing values, skewness, and kurtosis. The indicator 

proxies were inspected using the statistical open-source and platform-independent software 

jamovi7. The detection of outliers was iteratively performed with a visual inspection of box plots for 

individual indicators. Values which were outside the whiskers were treated with winsorization, i.e. 

extreme values were replaced by the second highest or lowest value etc., until no outliers persist.   

 

Additionally, the set of indicators was checked for multicollinearity using the Kendall Tau method, a 

non-parametric method for not normally distributed data. Kendall’s statistic is preferred for small 

samples as is the case, and it is suggested to be a better estimate than Spearman’s statistic (Field, 

2013). A correlation coefficient ≥ 0.9 was used as threshold to indicate high correlation (Hagenlocher 

et al., 2015).  

 

 
3.3.3 Normalization and Weighting  

After all data related to hazard/exposure and vulnerability have been compiled, datasets with 

absolute continuous data were redistributed with a linear maximum normalization to match values 

between 0 and 1 (Equation 1), to ensure comparability across datasets and risk elements.  

                                                 
7 https://www.jamovi.org/  

https://www.jamovi.org/
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𝑥′ =
𝑥

max(𝑥)
 1 

     where  x is a risk element dataset and 

      x’ is the normalized dataset 

 

Although this normalization method does not stretch the value distribution and does not enhance 

the contrast, it is preferred because it avoids the value 0 where actually a quantitative value, e.g. for 

population, exists and thus prevents data from being erroneous (also for further calculations). 

 

Some available vulnerability indicators described coping capacities, which decrease vulnerability, for 

example access to clean water and sanitation. This is different to the other indicators who describe 

susceptibility which contributes to vulnerability. To take this into account, the inverse normalization 

value of the respective proxy was derived as shown in Equation 2. 

𝑥′ = 1 − (
𝑥

max(𝑥)
) 2 

where  x is a vulnerability proxy dataset and 

      x’ is the normalized proxy dataset 
Hazard-exposure and vulnerability values were then weighed according to the mean values of the 

weighting informed by the experts of the participatory workshop (Annex C). 

 

3.3.4 Aggregating the flood risk index  
 

Based on the previous steps, the values for hazard-exposure for each of the individual exposed 

element was calculated. The equation to derive the spatially explicit hazard-exposure is shown in 

Equation 3: 

            3 

𝐻𝑎𝑧𝐸𝑥𝑝𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑥 = 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑥 𝑥 𝐻𝑎𝑧𝑎𝑟𝑑 𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑥 

 

To derive the hazard/exposure product for the overall risk assessment, zonal statistics were used 

and aggregated the resulting mean value for each exposed element at the parish level. The 

individual hazard-exposure elements were then grouped and added according to the main hazard-

exposure categories of agriculture, population and infrastructure. Based on these three main 

categories, the overall hazard-exposure for each parish was calculated as follows (Equation 4): 

 

𝐻𝑎𝑧𝐸𝑥𝑝𝑓𝑙𝑜𝑜𝑑 =
𝐻𝑎𝑧𝐸𝑥𝑝𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒+ 𝐻𝑎𝑧𝐸𝑥𝑝𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛+ 𝐻𝑎𝑧𝐸𝑥𝑝𝑖𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒

3
                                  4 

The vulnerability index was calculated at the parish level. It is based on a multiplicative aggregation 

using the weighted values, multiplied by its associated normalized indicator value as shown in 

Equation 5. The result of this equation is a vulnerability index value for each of the parishes in the 

three focal sites.  

  

𝑉𝑈𝑓𝑙𝑜𝑜𝑑 =
∑ (𝑤𝑖 ∗ 𝑥𝑖

′)𝑛
𝑖=1

𝑛
 

5 

    where  w is the weight for an indicator, 

     x’ is the normalized indicator and 

n is the number of indicators. 
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Based on the resulting values of hazard-exposure and vulnerability, the flood risk index was 

calculated. Therefore, the multiplication of the hazard-exposure values with the vulnerability index 

was performed as shown in Equation 6, resulting in the main quantitative output of the flood risk 

assessment for three provinces of Ecuador.  

𝑅𝑖𝑠𝑘𝑓𝑙𝑜𝑜𝑑 = 𝐻𝑎𝑧𝐸𝑥𝑝𝑓𝑙𝑜𝑜𝑑 ∗ 𝑉𝑈𝑓𝑙𝑜𝑜𝑑 6 
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4 Results 
4.1 Indicator library 

During the first day of the workshop 21 drivers were found to be extremely important (3 exposure, 

and 18 vulnerability drivers), 35 were found to be important (15 exposure, and 20 vulnerability 

drivers), and no drivers were found to be not important. 26 disputed drivers were found. (Table 3). 

Table 3: Results of Hazard/Exposure and Vulnerability Driver Surveys 

Relevance Total 
Number of Drivers 

Exposure Vulnerability 

Average < 2 (Not important. 
To be kicked out) 

0 0 0 

2 > Average < 4 (Important) 42 15 20 

Average > 4 (Extremely 
Important) 

28 3 18 

Standard Deviation (SD) > 
1.1* (Disputed Drivers) 

26 7 16 

Newly identified drivers (to 
be included)** 

4 [4] 4 [3] 0 [1] 

* By taking the mean of the 75% quantile of SD for hazard, exposure and vulnerability drivers (1.12), the SD threshold 
was set to 1.1 after rounding. 
**Disputed drivers that were unclear to the VALE team and require further clarification from the participants are 
recorded in [ ] 

 

The results from the workshop’s second day’s group discussions on re-ranking the disputed drivers 

produced adjusted means for all drivers, which, in addition to the non-disputed drivers, form the 

final value for the disputed drivers. 

 

This list of overall 52 flood risk drivers was then reduced to the final set of 25 indicators, for which 

data were available and which are part of this risk assessment.  

 

4.2 Hazard-exposure assessment 
Figure 7 provides an overview of the spatially explicit flood severity across focal provinces, while the 

spatial distribution of hazard-exposure at the parish level can be seen in Figure 8. The values that 

resulted from the hazard-exposure calculation across the parishes in the focal provinces range from 

0, where mainly no hazard occurred, to 1, which refers to a very high hazard-exposure. In Napo and 

Bolívar, 20 parishes have no exposed elements to the flood hazard (Table on risk index in Annex A). 

The parishes with highest values of hazard-exposure can all be found in Los Ríos, where Baba 

contains the highest hazard-exposure. Categorically, the hazard-exposure values are classified as 

none, very low, low, moderate, high, and very high.  The spatial distribution of the hazard-exposure 

gradually increases to the parish of Baba [1], which has also the highest hazard-exposure value for 

agriculture, followed by Antonio Sotomayor [26] and Catarama [21]. The highest hazard-exposure 

for population is again led by Baba [1], followed by Vinces [27] and San Juan [16]. Regarding severity 

of exposed infrastructure, after Baba [1], the parishes of Caracol [5] and Antonio Sotomayor [26] 

have the highest hazard-exposures.  
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Figure 7: Spatially explicit flood severity across focal provinces 

 

©ESRI, USGS, UNU-EHS 
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Figure 8: Hazard-exposure to flooding at the parish level for the study area 

 
 
At a provincial level, Los Ríos has the highest hazard-exposure level and drives the mean of hazard-

exposure for the combination of all focal provinces. Bolívar has overall a very low hazard-exposure, 

while Napo’s hazard-exposure is low (Table 4). Even though Bolívar has a very low hazard-exposure 

level, the distribution of hazard-exposure across its parishes is very high. While some parishes have 

no or hardly any hazard-exposure (which is mainly due to the absence of hazard), those parishes 

with spatial overlay of hazard-exposure tend to have quite high values, which contribute to the 

province’s high hazard-exposure.  

 

Table 4: Hazard-exposure aggregated per province and category. For each hazard-exposure element (columns 

2-4), parishes’ max-normalization mean were used to calculate an aggregated province exposure element 

value (column 5). The coefficient of variance for these means was used to calculate the distribution (column 6) 

 Hazard-

Exposure for 

Agriculture 

Hazard-

Exposure for 

Population 

Hazard-Exposure 

for 

Infrastructure 

Combined 

Hazard-

Exposure 

Distribution 

of Hazard-

Exposure 

Bolívar Very low Very low Very low Very low Very high 

Los Ríos Very high Very high Very high Very high Very low 

Napo Low Low Low Low Low 

 

©ESRI, USGS, UNU-EHS 
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4.3 Vulnerability assessment 
The extensive identification and consolidation of vulnerability indicators as well as the derivation 

and preparation of corresponding data resulted in a database of 25 quantified indicators, which 

were used to represent the various vulnerability drivers as outlined in the indicator library. With 

these, an elaborated vulnerability index with very low to very high vulnerability index classifications 

was generated (see risk index in Annex A). The spatial distribution of the vulnerability based on the 

calculated index across the parishes in the focal provinces is shown in Figure 9.  

 

15 parishes (just under 20%) have a very low vulnerability. The least vulnerable parish is Papallacta 

[67] in the northwestern part of Napo, followed by San Jose de Chimbo [33] in Bolívar and Sardinas 

[63] in Napo. Regarding the mean vulnerability index on a provincial scale for the focal sites, the 

values are not differing greatly, however Los Ríos holds the highest, followed by Bolívar and Napo. 

The coefficient of variance shows a very low dispersion around these mean values as well, which 

proves that the mean values are representative of the provinces and addresses the distribution of 

vulnerabilities in the area. 

  

Figure 9: Flood Vulnerability Index Map 

 

 

The most vulnerable parish in the study area is Simiatug [45] in Bolívar, after which comes San Pablo 

de Ushpayacu [56] (Napo) and Julio E. Moreno [39] (Bolívar). Nearly 30% of the parishes in the focal 

©ESRI, USGS, UNU-EHS 
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provinces have a very high vulnerability, which is mainly driven by the low spatial density of fire and 

police stations, as well as mobile phone coverage towers (Table 5).  

 

15 parishes (just under 20%) have a very low vulnerability. The least vulnerable parish is Papallacta 

[67] in the northwestern part of Napo, followed by San Jose de Chimbo [33] in Bolívar and Sardinas 

[63] in Napo.  

 
Table 5: This table gives an overview of the three highest contributing indicators that drive flood vulnerability 

within the ten most vulnerable parishes. All ten parishes have a vulnerability class of “Very high” 

Parish Vulnerability 
Index Value 

1st Highest Vulnerability 
Driver  

2nd Highest 
Vulnerability 

Driver 

3rd Highest Vulnerability 
Driver 

Simiatug [45] 1 Dependency 
Inadequate 

garbage 
collection 

Lacking access to 
information and 

technology 

San Pablo de 
Ushpayacu [56] 

0.94 
Lack of first response 

institutions (Police 
stations) 

Low-income 
families 

Lacking access to 
information and 

technology 

Julio E. Moreno 
[39] 

0.94 Dependency 

Lack of first 
response 

institutions 
(Police stations) 

Inadequate garbage 
collection 

Facundo Vela 
[37] 

0.93 
Lacking access to 
information and 

technology 

Lack of first 
response 

institutions 
(Police stations) 

Ecosystem loss - forests 

Palenque  
[13] 

0.89 Weak social network 
Weak road 

density 

Territories without 
environmental 
conservation 

Guare  
[2] 

0.87 
Inadequate garbage 

collection 

Lack of first 
response 

institutions (Fire 
stations) 

Livelihoods dependent 
upon agriculture/livestock 

Isla de Bejucal [3] 0.87 
Livelihoods dependent 

upon agriculture/livestock 

Lack of first 
response 

institutions 
(Police stations) 

Lack of first response 
institutions (Fire stations) 

Chontapunta [71] 0.87 
Inadequate garbage 

collection 
Dependency Low-income families 

Mocache 
[11] 

0.87 Weak social network 

Lack of first 
response 

institutions 
(police stations) 

Lacking access to 
information and 

technology 

Asunción  
[31] 

0.86 
Lack of first response 

institutions (Police 
stations) 

Lacking access to 
information and 

technology 

Lack of first response 
institutions (Fire stations) 
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Table 6: Top 3 highest vulnerability indicators regarding frequency in all focal site parishes 

Most Frequent Vulnerability Indicators 
With High Values 

Indicator [Code] 

Rank 1 
Lack of first response institutions (Police Stations) 

[POLI_DEN] 

Rank 2 
Lacking access to information and technology 

[PER_MOB_COV] 

Rank 3 
Density of firefighter stations per 10.000 inhabitants 

(FRFGHTR_DEN) 

 

4.4 Risk index 
A key product of this report is the index of flood risk at a parish level for the study area, which 

represents the three main ecological regions of Ecuador. Accordingly, Figure 10 shows which 

parishes are more at risk in terms of flooding and which ones are not. All 12 parishes that have a 

very high flood risk are found within Los Ríos. In contrast, more than half of the parishes of Bolívar 

(15) have no flood risk. In Napo, 5 parishes are without flood risk while 12 parishes have very low to 

moderate risk. 

 

 
Figure 10: Flood Risk Distribution 

©ESRI, USGS, UNU-EHS 
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In examining the flood risk index (see Annex A) it is clear that hazard-exposure is the main driver of 

flood risk in this study area. However, in order to reduce flood risk, it is still important to examine 

the composition of flood risk drivers between parishes with similar risk levels to better understand 

why risk is high and how it can be reduced. Table 8 provides an example of two parishes that have 

the same level of risk, but with different hazard-exposure and vulnerability levels (see Annex A for 

full risk index with hazard-exposure and vulnerability classifications). Figure 11 compares the 

composition of each of the parishes’ hazard-exposure and vulnerability values by driver categories 

and are meant to show the heterogeneity between flood hazard-exposure and vulnerability drivers 

that result in similar risk index values. As can be seen, hazard-exposure in San Pablo De Ushpayacu 

[56] is mainly driven by agriculture, while in Tena [76], it is driven by population. The heterogeneity 

of vulnerability drivers can be clearly seen between the two parishes, with Tena’s [76] vulnerability 

being clearly driven by lack of information & early warning, community services, disability & health 

status, and gender (i.e., female-headed households). San Pablo De Ushpayacu’s [56] vulnerability is 

more equally distributed across the drivers. This type of information can help to better understand 

how and why risk is shaped differently across parishes, including between areas of very high and 

very low risk. 

 

 

 

Table 7: Parishes with similar risk values but differing hazard-exposure and vulnerability values 

 
Province 

Parish Risk Hazard-
Exposure 

Vulnerability 

Napo San Pablo De Ushpayacu [56] Moderate Low Very High 

Napo Tena [76] Moderate Moderate Very Low 
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Figure 11: Composition of risk drivers between two parishes with the same risk classification (moderate), but 

with different hazard-exposure and vulnerability level 
 

4.5 Limitations  
While this flood risk analysis for Los Ríos, Bolívar, and Napo provides a wealth of knowledge towards 

understanding flood risk drivers at the parish level, there are, however, limitations that need to be 

mentioned here. One limitation is related to the available datasets, where some datasets have gaps 

in their spatial coverage, such as the Facebook population data. This introduces uncertainty to 

exposed population, for example, in the parish of Quevedo [18]. Another limitation is the lack of up 

to date geospatial datasets, for example, mobile cell phone coverage. The most recent dataset that 

was publically available online was from 2012, which is most certainly out of date. This is important 

because table 6 showed that the lack of cell phones coverage (indicator “Lacking access to 

information and technology [PER_MOB_COV]”) is the second highest indicator driving overall 

vulnerability. The mobile cell phone coverage data illustrates another limitation, which is the lack of 

detailed social contextual knowledge. The mobile coverage data only refers to cell phone towers, 

and not any other possible technological infrastructure that might provide coverage, but is not 

included in the data. This lack of data and on the ground knowledge prevented a more detailed 

understanding of how this particular data set contributed to flood vulnerability. This social 

contextual knowledge limitation also extends to the indicators for fire fighter and police density, as 

the researchers could not judge if the given parameter of the indicators (density of element per 

10,000 inhabitants) prevent the fire fighters or police from working within their context as first 

response institutions.  
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The researchers do not know how these systems operate or what limitations are present within the 

systems, and so further investigation and collaboration with local stakeholders is needed to 

determine how the data, in the manner it is presented, affects vulnerability. Another limitation is the 

complete lack of available data for some vulnerability drivers, preventing them from being included 

within the flood risk analysis, such as households with individual means of transportation, people 

who rent housing, recent migrants, or informal dwellings. Our hypothesis is that the inclusion of 

these data, especially informal dwellings, would have altered the pattern of the results. 
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5 Conclusion & outlook 
 

This flood risk assessment was conducted for the three selected provinces Bolívar, Los Ríos, and 

Napo, which represent the main ecological regions of the Ecuadorian mainland. The assessment 

integrated the three underlying dimensions of flood risk: hazard, exposure, and vulnerability. Hazard 

and exposure were combined in order to map particular exposed elements, such as population, 

agriculture, and infrastructure in a spatially explicit and direct relation to flood hazard affected 

areas. The drivers of vulnerability to flooding were identified through a literature review process and 

in collaboration with the SNGRE and local experts. During a participatory process with around 50 

experts from the study area, the set of indicators were complemented, evaluated and received 

individual weights. Geospatial data was collected for the quantitative assessment of hazard-

exposure, vulnerability, and risk for each parish within the three selected provinces. 

 

The flood risk index shows that flood risk is largely driven by hazard-exposure, however, elements of 

vulnerability also shape risk in different ways. Overall, the heterogeneity between risk levels is 

higher between parishes than between provinces, which means that the high level of detail at parish 

level is very meaningful in this area. All of the very high-risk parishes can be found in Los Ríos, while 

more than half of Bolívar’s parishes have no risk (due to no hazard-exposure). The diversity in the 

risk pattern seems to be more linked to the boundary of ecological regions, with very high risk in the 

coastal lowland versus very low risk in the mountainous area. Napo’s composition of risk is more 

heterogeneous due to strong differences in vulnerability with highest vulnerability towards the 

Amazon basin and very high hazard-exposure, both in North and the South of the provinces in the 

foothill regions of the Andes. 

 

Understanding the distribution and composition of risk in all its dimensions at the parish level 

provides a very detailed understanding on why risk is high or low. It is the case that risk is high due 

to very high hazard-exposure, but low vulnerability, or due to very high vulnerability and low to 

moderate hazard-exposure. In order to reduce disaster risk in an efficient and effective way, it is very 

relevant to address the main drivers of risk, while measures to achieve this would be very different if 

one needs to focus on hazard-exposure or vulnerability reduction. While hazard-exposure reduction 

would need to focus on planning more room for the river (e.g. flood retention areas with adapted 

land use for recurrent flooding), flood vulnerability can be reduced by addressing main drivers, such 

as the low density of first response institutions (e.g. police and fire stations), or the lack of access to 

information and technology in parishes with high vulnerability. 

 

With regard to next steps, this assessment provides already an advanced methodological approach 

and could serve as a very good basis for deriving a national level flood risk assessment methodology 

for Ecuador. Such a methodology for risk assessment, which would need to be harmonized for the 

national level, could synthesize a uniform approach towards flood risk quantification in the country. 

Next to the expansion and harmonization of the methodology, we recommend to validate the 

results against Ecuador’s flood loss and damage database. This validation procedures is necessary to 

better understand, consider and reduce the uncertainties, which are inherent in such an assessment. 

In addition, we recommend to take also future dynamics of flood risks and perspectives of systemic 
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risks in the context of other natural or man-made hazards and/or social and economic development 

trends into consideration for future work. 
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7 Annexes 
 

A. Focal provinces’ parish reference map and table 

B. VALE focal sites flood risk index  

C. Flood hazard-exposure and vulnerability indicator libraries  

D. Maps representing the individual elements of the risk assessment report 


