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1 Introduction   

eCoast has been engaged by Save The Waves Coalition (STW), in partnership with WTW 

(Willis Towers Watson), to assist in developing a Parametric Insurance Product (PIP) tailored 

to address the loss of income to surf-based economies based on inclement metocean 

conditions. The case study for the development of this PIP is the surf-based economy of the 

Oriente Salvaje (ñthe Wild Eastò) region of El Salvador. Oriente Salvajeôs surf economy is 

considered to be highly vulnerable to extreme weather events. The regionôs prime surf season 

overlaps with the MayïOctober wet season, when storms can strike with little warning, 

resulting in disruptions to regional and local access through flooding, water quality issues and 

damage to infrastructure.  

This report is concerned with understanding the flood risk and focuses on the rural settlements 

of Las Flores, Punta Mango, El Cuco, and the neighbouring catchments that drain toward the 

Oriente Salvaje coastline (Figure 1-1). Other areas/settlements of interest include El Carrizal, 

Rancho Avila, and Agua Fría. 

All these communities are within low-lying coastal plains that receive runoff from steep 

volcanic foothills draining toward narrow alluvial fans and coastal wetlands. Flood risk is driven 

by the combined influence of intense rainfall, flashy upland catchments, restricted drainage 

near the shoreline, and storm-driven coastal water level rise (tides, surge, wave setup).  

 

 

Figure 1-1: Study site location map. Solid blue line showing El Salvador's border, dashed blue lines are 
provinces, orange dashed line delineates Usulután to the west and San Miguel to the east, and the yellow line 

shows the districts of Jucuarán to the west and Chirilagua to the east.
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2 Catchment s 

Key components of flood modelling are topography and the physical composition of the 

surface layers, including soil, vegetation cover and types, and land-use. 

 

2.1 Topography  

Freely available topography (and bathymetry for the coastal boundary) datasets were 

compiled to construct a digital elevation model (DEM). Largely this comprised of satellite 

derived data from the shuttle radar topography mission (SRTM), supplemented with 

topographic maps and digitalisation of key topographical features. 

Eastern El Salvador is dominated by steep volcanic highlands transitioning abruptly into a 

narrow coastal plain. 

Å Upper catchments (400ï1,200 m elevation) are extremely steep, producing rapid 

runoff and high sediment loads. 

Å Mid-basins include deeply incised valleys with limited floodplain storage. 

Å Coastal zones (0ï20 m elevation) are gently sloping but hydraulically constrained by 

beach ridges, mangrove systems, and tidal backwater. 

These geomorphic controls promote flash flooding, particularly when high river discharge 

coincides with elevated coastal water levels. 

The Oriente Salvaje project area comprises four priority coastal catchments: Brazo El Zapote, 

Las Flores, El Carrizal, and Punta Mango (Figure 2-1). These catchments drain steep, highly 

dissected volcanic terrain toward small, exposed Pacific coastal settlements. The systems are 

generally short, steep, and hydrologically responsive, with limited floodplain storage and 

strong sensitivity to both intense rainfall and downstream coastal water levels. The abrupt 

transition from steep uplands to narrow coastal plains further increases vulnerability to flash 

flooding, channel overtopping, and compound coastalïfluvial flooding. 
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Figure 2-1: Elevation map of eastern El Salvador showing major catchment boundaries draining toward Las 
Flores, Punta Mango, El Carrizal, Brazo El Zapote. Elevation derived from SRTM (30 m), highlighting steep 

volcanic terrain transitioning to a narrow coastal plain. 

 

2.2 Soil Conditions  

To understand the natural factors influencing runoff, infiltration, and flood susceptibility in the 

study area, regional elevation and soil information were assessed using national topographic 

and pedological maps produced by the Ministerio de Agricultura y Ganadería de El Salvador, 

the Departamento de Suelos, and the Centro Agronómico Tropical de Investigación y 

Enseñanza (CATIE). Regional soil and pedological information were complemented by 

national soil maps and regional datasets, including the Soil Maps of Latin America and the 

Caribbean Islands archive maintained by the European Commission Joint Research Centre 

(JRC), which provides harmonised legacy soil mapping for Central America. These maps are 

provided in Appendix A.  

The soils in the Punta MangoïLas FloresïEl Cuco region are primarily derived from volcanic 

ash, pyroclastics, and alluvium, and include: 

Å Andosols and Andic Inceptisols  in the upper slopes ï high infiltration potential 

when undisturbed but can become hydrophobic or compacted under agriculture. 

Å Latosols and red/yellow clay -rich soils  in mid-slopes ï moderate to low infiltration, 

prone to erosion. 

Å Alluvial soils and coastal deposits  (near discharge points) ï poorly drained, with 

shallow water tables and high flood susceptibility. 
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Based on these characteristics and United Sates Department of Agriculture (USDA) 

equivalence, the dominant hydrologic soil groups (HSG) for runoff modelling in this region are 

expected to be: 

¶ Group B : volcanic loams with moderate infiltration (upper basins) 

¶ Group C : clay-rich volcanic soils with moderately low infiltration 

¶ Group D : coastal alluvium, clayey estuarine soils, and mangrove zones with very low 

infiltration 

Soils are predominantly volcanic, with moderate to low infiltration capacity, and several 

catchments include HSG C/D soil groups, increasing runoff generation and peak discharge 

potential during extreme rainfall events. These classifications will be used to assign curve 

numbers (CN) for hydrological modelling.  

 

2.3 Land Cover  and Use  

To support hydrological model parameterisation, regional land-cover datasets (Appendix A) 

were used to characterise surface conditions relevant to runoff generation and infiltration 

behaviour across the study catchments. Land-cover information was derived from the 

WorldCover dataset (Zanaga et al., 2021) and mapped to inform CN assignment. This 

approach provides a consistent, spatially explicit basis for representing vegetation cover, 

agricultural areas, built-up zones, and coastal wetlands within the rainfallïrunoff modelling 

framework, while acknowledging that local heterogeneity is simplified at the regional scale. 

Table 2-1 translates the World Cover categories to the equivalent for hydrological and 

hydraulic modelling. Across all catchments, dominant land cover consists of dense upland tree 

cover with varying extents of grassland, shrubland, and small cropland pockets near villages 

and lowland areas. Land use is dominated by a mix of subsistence agriculture, pasture, cattle 

grazing, and forested upper catchments, with settlements concentrated on the lower coastal 

plain. 

 

Table 2-1: Land Cover Categories. 

World  Cover  Equivalent Modelling Category  

Tree cover Forest / Good condition 

Shrubland Brush / Fair 

Grassland Pasture 

Cropland Row crops 

Built-up Impervious (CN = 98) 

Mangroves Wetlands (CN å 85ï90 for C/D) 
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2.4 Catchment CN Categories  

Preliminary CN ranges were estimated for each catchment by combining dominant land-cover 

classes with expected HSGs. These values are presented in Table 2-2 and were used as 

indicative inputs for simulations. The values and classes were refined through sensitivity 

testing rather than treated as absolute representations of site-specific conditions. 

 

Table 2-2: Preliminary CN Estimates. 

Catchment  HSG Dominant L and Cover  Weighted CN  

Punta Mango C/D Forest + grassland 78ï82 

El Carrizal C/D Forest + grassland 76ï81 

Las Flores D 
Cropland + grassland + built-up + 

mangrove fringe 
82ï90 

Brazo El Zapote C/D Grassland + shrubland + built-up 78ï86 

 

2.5 Catchment Descriptions  

The following provides written descriptions of the four key catchments considered for this 

study. Table 2-3 provides a summary of the descriptions. 

 

Brazo El Zapote catchment  

The Brazo El Zapote catchment (approximately 54 km², combining sub-catchments S1, S2, 

S3, S4, and S6) is characterised by highly dissected volcanic terrain with steep upper slopes 

(approximately 20ï40%) transitioning to a narrow, low-lying coastal plain at the outlet. Land 

cover is dominated by dense upland tree cover, with grassland and shrubland mosaics and 

small cropland areas near villages. 

Soils are primarily volcanic clays (HSG C/D), with moderate-to-low infiltration and local coastal 

fringe soils with D-class characteristics. Flood behaviour is dominated by rapid runoff from 

steep slopes, producing high peak discharges. At the coast, backwater effects from tides, 

wave setup, and elevated sea levels can restrict drainage, leading to channel overtopping, 

road inundation, and coastal compound flooding during extreme events. 

 

Las Flores Catchment  

The Las Flores catchment (approximately 15.6 km²; S5) consists of steep headwaters draining 

through narrow, concentrating gullies toward an extremely confined coastal outlet. Upland 
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land cover is dominated by tree cover, with grassland and cropland areas near the settlement 

and a mangrove fringe at the river mouth. 

The catchment is underlain by coastal clay soils (HSG D), resulting in limited infiltration 

capacity and high runoff efficiency. These characteristics, combined with a hydraulically 

constrained outlet, create very high flash-flood potential. During storm events, hydraulic 

confinement and backwater from elevated coastal water levels significantly increase 

inundation extent within the settlement, making Las Flores particularly sensitive to compound 

rainfallïcoastal flooding. 

 

Punta Mango Catchment  

The Punta Mango catchment (approximately 11 km²; S9) is a short, steep volcanic system 

draining directly to the coast, with minimal coastal plain development. Dense tree cover 

dominates, with shrubland and limited cropland in lower areas. 

The combination of steep slopes, short flow paths, and HSG C/D soils results in a very short 

time-to-peak, with floodwaters rapidly concentrated within the channel network. Flood 

behaviour is strongly controlled by channel confinement and outlet conditions. During elevated 

tides or wave setup, coastal water levels can significantly reduce discharge capacity, leading 

to channel overtopping and coastal inundation, even during relatively short-duration storm 

events. 

 

El Carrizal catchment  

The El Carrizal catchment (approximately 27.9 km²; S11 and S10) exhibits mixed slope 

conditions, with steep mid-catchment terrain transitioning to a broader alluvial lowland near 

the coast. Land cover is dominated by tree cover, with patches of grassland and small 

cropland areas near the village. 

Soils are predominantly volcanic (HSG C), contributing to moderate infiltration but still 

generating substantial runoff under intense rainfall. Flood risk is driven by high rainfall 

intensity, sediment transport, and culvert blockage potential, particularly along access roads. 

In flatter downstream areas, constrained drainage pathways promote localised ponding, and 

road overtopping is likely during larger events. 
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Table 2-3: Catchment Summary 

Catchment  Area  Slope Characteristics  Dominant Land Cover  HSG Key Flood Issues  

Brazo El 

Zapote 

~54 km² (S1 
+ S2 + S3 + 

S4 + S6) 

Highly dissected volcanic 
terrain; steep upper slopes 
(20ï40%); transitioning to 
a narrow, low-lying coastal 

plain at the outlet. 

Dense tree cover across 
uplands; grassland and 

shrubland mosaics; 
cropland pockets near 

villages. 

HSG C/D ï 
volcanic clays, 
moderateïlow 

infiltration; coastal 
fringe with D soils 

Rapid runoff from steep 
slopes; high peak discharges; 

backwater from tides/wave 
setup; overtopping of access 

road; coastal inundation 
compound events 

Las Flores 
~15.6 km² 

(S5) 

Steep headwaters with 
narrow concentrating 

gullies; extremely confined 
coastal outlet. 

Tree cover upland; 
grassland + cropland; 
mangrove fringe near 

mouth. 

HSG D (coastal 

clays) 

Extreme flash-flood potential; 
strong hydraulic confinement; 
backwater from storm surge 
increases inundation extent 

within settlement 

El Carrizal 
~27.9 km² 

(S11 + S2 + 
S10) 

Mixed slopes; steep mid-
catchment; broader 
alluvial lowland near 

outlet. 

Tree cover dominant; 
patches of grassland; 
small cropland near 

village. 

HSG C (volcanic 
soils) 

High reactivity to intense 
rainfall; culvert blockage 
potential; ponding in low-
permeability soils; road 

overtopping likely 

Punta 
Mango 

~11 km² 
(S9) 

Short, steep volcanic 
catchment draining directly 
to coast; minimal coastal 

plain. 

Dense tree cover; 
shrubland; limited 

cropland. 
HSG C/D 

Very short time-to-peak; 
floodwater confinement; 

channel overtopping; coastal 
inundation during storm tides 

and wave setup 
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2.6 Metocean Conditions  

These coastal catchments are all neighbouring and exposed to similar wind, wave and tidal 

conditions. In addition to terrestrial flooding, these communities are highly exposed to 

compound coastal hazards, where heavy rainfall coincides with high tide, wave setup, or storm 

surge, causing seawater to overtop the beach berm or enter through river mouths. Local 

stakeholders report recurrent flooding, blocked access roads, and damage to small tourism 

infrastructure during high-energy wave events. This combination of steep catchments, narrow 

coastal plains, and growing development along the flood pathways increases the overall flood 

susceptibility of the area. Phase 1 and Phase 2 (Atkin and Castro, 2025; 2026) provide details 

on the metocean conditions along the Oriente Salvaje coastline, and the development of 

specific mode boundaries (section 3.3.1) leveraged the datasets presented therein. 
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3 Hydrologic and Hydraulic Modelling  

The approach used for the flood modelling is two-stage: hydrologic modelling for rainfallïrunoff 

generation, and 2D hydraulic modelling to simulate inundation due to combined fluvial and 

coastal forcing. The modelling uses the U.S. Army Corps of Engineersô Hydrologic Engineering 

Centre's (HEC) suite of models: the Hydrologic Modelling System (HEC-HMS) for rainfall-

runoff analysis, and the River Analysis System (HEC-RAS) hydraulic model used for water 

routing, calculating water surface elevations, depths, and velocities in channels. 

 

3.1 Rainfall Boundaries  

The common approach to developing rainfall boundaries for engineering-based studies is to 

undertake an Extreme Value Analysis (EVA) of rainfall to quantify annual rainfall extremes on 

set annual recurrence intervals (e.g., 20-, 50-, and 100-year). Site-specific precipitation data 

to either use for the EVA or to validate longer hindcast datasets for the same purpose is not 

available (Atkin and Castro, 2025).  

This study is not concerned with engineering interventions, but rather to understand the drivers 

and extent of flooding in the Oriente Salvaje and to assist in PIP development. Rainfall inputs 

were defined using documented, high-impact storm events affecting the area of interest. This 

approach provides transparent, scenario-based magnitude controls that are directly tied to 

observed impacts, without relying on return-period inference in a data-limited context. 

Two recent extreme events were adopted as the bounding rainfall scenarios: Tropical Storm 

Amanda (2020), with reported rainfall totals up to 576.7 mm , and Tropical Storm Alberto 

(2024), with reported rainfall up to 832.6 mm  in the eastern zone and impacts documented in 

Usulután, including the Punta Mango area (Table 3-1; Atkin and Castro, 2025). These totals 

were used as upper-bound event magnitudes for subsequent hydrological and hydraulic 

simulations. 

 

Table 3-1: Phase 2 event-based rainfall magnitude scenarios adopted for Oriente Salvaje. 

Scenario  Year Rainfall total (mm)  Notes  

Tropical Storm 
Amanda 

2020 576.7 Reported extreme rainfall during the event 

Tropical Storm 
Alberto 

2024 832.6 
Reported extreme rainfall in the eastern 

zone; impacts in Usulután / Punta Mango 
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3.2 HEC-HMS 

The event-based rainfall totals were converted into 24-hour design hyetographs using HEC-

HMS. Rather than applying a generic design storm formulation, the Soil Conservation Services 

(SCS) Type II temporal distribution was adopted to reflect the characteristic structure of 

tropical storm rainfall impacting coastal El Salvador. This distribution captures key features 

observed during recent high-impact tropical systems, including: 

¶ Concentrated rainfall near the event peak. 

¶ Elevated intensities sustained over several hours. 

¶ An asymmetric rainfall decay typical of landfalling tropical systems. 

Event rainfall totals were applied as magnitude controls, while the selected temporal 

distribution governs the intra-storm rainfall timing relevant to runoff generation and flood 

response. This approach ensures consistency between documented extreme rainfall 

magnitudes and physically realistic storm evolution. A representative 24-hour tropical storm 

rainfall temporal distribution was adopted for all simulations. 

The HEC-HMS modelling framework incorporates physically based representations of 

precipitation, surface loss, runoff transformation, and baseflow processes. 

 

3.2.1 Surface Method  

In HEC-HMS, many of the hydrological methods do not need to be applied for the model to 

run, so only the relevant methods were selected. One method that was not applied was the 

surface method, which represent how water storage processes occur. Since we cannot predict 

how near to capacity water storage will be when an extreme event occurs the conservative 

option of no storage method (i.e. storage at full capacity) was applied. 

 

3.2.2 Loss Method  

The loss method within HEC-HMS defines how precipitation losses due to infiltration, 

interception, and surface storage are represented in the hydrological model. HEC-HMS 

includes a suite of loss methods suited to different hydrological conditions and data availability. 

For this study, the SCS CN Loss Method was selected. 

The SCS CN method estimates precipitation losses as a function of cumulative rainfall, soil 

type, land use, and antecedent moisture condition, and is widely applied in event-based flood 

modelling, particularly in data-limited catchments (USDA, 1986; USDA NRCS, 2004; USACE, 
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2021). This method is well suited to the Oriente Salvaje catchments due to its ability to 

represent rapid runoff generation in steep basins under intense rainfall, while requiring a 

limited number of physically interpretable parameters. 

 

Curve Number Assignment  

The curve numbers (CN) presented in Section 2.4 were assigned to represent runoff potential 

across the Oriente Salvaje catchments based on regional soil characteristics, land cover, and 

hydrologic soil group classification appropriate for coastal El Salvador. 

Land cover within the study catchments is dominated by a combination of agricultural land, 

scrub/secondary vegetation, and rural settlement, with limited forested cover in the lower 

coastal plain. Given the absence of detailed, sub-catchmentïspecific land use mapping and 

flow calibration data, a conservative CN approach was adopted for flood modelling. 

According to USDA NRCS guidance (USDA, 1986; USDA NRCS, 2004), typical Curve 

Number ranges for Hydrologic Soil Group D are as follows: 

¶ Cultivated or agricultural land: CN = 80ï91 

¶ Pasture or scrub vegetation: CN = 79ï89 

¶ Forest cover: CN = 73ï89 

Based on these ranges, and to ensure conservative estimation of runoff and peak discharge 

in a data-limited context, a uniform Curve Number of 80 was applied across all subbasins 

within the Oriente Salvaje model. This value reflects moderately high runoff potential 

consistent with observed soil conditions while avoiding unrealistically extreme assumptions at 

the upper end of the Group D range. 

The selected CN was applied consistently across the Punta Mango, Las Flores, El Carrizal, 

and Brazo El Zapote catchments, as defined within the HEC-HMS basin model. This approach 

maintains internal consistency across subbasins and supports robust comparison of 

hydrological response between catchments. 

 

Initial Abstraction  

Initial abstraction is the depth of rainfall that is lost before runoff begins and includes surface 

storage, infiltration, and interception. Based on USDA guidance, for a CN of 80, the 

recommended initial abstraction is 12.7 mm. This value was uniformly applied to all 

catchments. 
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Impervious Surface  

The percentage of impervious surface (e.g., roads, rooftops) was assumed to be negligible 

due to the predominantly rural nature and low-density development. Therefore, 0% impervious 

area was applied to each subbasin. 

This loss method provides a balance of simplicity and physical realism suitable for simulating 

short-duration storm events in ungauged Pacific Island catchments. 

 

3.2.3 Transform Method  

The transform method in HEC-HMS is used to convert excess precipitation into direct runoff, 

based on the watershedôs physical and hydrological characteristics. For this study, the SCS 

Unit Hydrograph method was selected, which is widely used in event-based rainfall-runoff 

modelling due to its simplicity and empirical foundation. 

This method requires two main inputs: the peak rate factor (PRF) and lag time. 

 

Peak Rate Factor  

The PRF is an indicator of the fraction of total runoff that occurs before the peak flow is 

reached. A higher PRF is used for steep catchments, while lower values are used for flatter 

areas. According to guidance from the United States Army Corps of Engineers (2021), a 

standard PRF value of 484 was adopted for all catchments. This corresponds to 37.5% of total 

runoff volume occurring before the hydrograph peak. 

While these four areas (Punta Mango, Las Flores, El Carrizal, and Brazo El Zapote.) are 

located on relatively flat coastal areas, the upper catchments feature moderate slopes and 

relief. The use of PRF 484 aligns with previous studies on similar watersheds and eliminates 

the need for detailed hydrograph calibration in data-limited contexts. 

 

Lag Time Calculation  

Lag time (L) represents the delay between the centroid of rainfall excess and the peak of the 

resulting runoff. It was estimated using the watershed lag equation recommended by USDA 

(2010): 



PIP Oriente Salvaje ï Flood Modelling 
 

13 
 

 

Where: 

¶ L = lag time (hours) 

¶ S = maximum potential retention (inches), computed as: 

 

¶ Y = average catchment land slope (%) 

¶ CN = curve number (dimensionless) 

For this project: 

¶ Flow path length and slope were derived directly from HEC-HMS subbasin terrain 

analysis and GIS-based flow path tools. 

¶ Lag time was computed individually for each subbasin using the equations above, 

ensuring consistency with basin geometry and relief. 

¶ CN values were applied within the loss method but were not used directly in the lag 

time calculation, avoiding over-parameterisation in a data-limited context. 

¶ The resulting lag times range from approximately 10 minutes in the smallest headwater 

subbasins to approximately 56 minutes in the largest and longest-flowpath subbasins 

across the study area.  

The calculated lag times for all subbasins are summarised in Table 3-2 through Table 3-6, 

which present terrain-derived geometric characteristics and corresponding lag times for the 

Punta Mango, Las Flores, El Carrizal, and Brazo El Zapote catchments. 

This approach provides terrain-derived lag times tailored to each subbasin. It improves 

hydrologic response accuracy across the Punta Mango, Las Flores, El Carrizal, and Brazo El 

Zapote catchments. 

Lag time was estimated individually for each subbasin based on HEC-HMS terrain-derived 

flow path length and slope, using a watershed lag approach consistent with USDA (2010) 

guidance. This method captures spatial variability in catchment geometry and provides a more 

realistic representation of runoff timing in ungauged basins compared to the use of a single, 

uniform lag time. 

 



PIP Oriente Salvaje ï Flood Modelling 
 

14 
 

Table 3-2: Terrain-derived lag time inputs for the 4 sub catchments (S1ïS12) from HEC-HMS. Parameters 
include longest flow path length, basin slope, and calculated lag time using the USDA (2010) watershed lag 

equation. These values were exported directly from the HEC-HMS basin model. 

 

 

Table 3-3: Subbasin characteristics for Punta Mango catchment (S9). Flow path length and basin slope values 
are derived from HEC-HMS subbasin terrain analysis. Lag time was estimated individually per subbasin using the 

USDA (2010) watershed lag equation based on slope and flow path characteristics. 

Subbasin  Area (km²)  Flow path Length (km)  Basin Slope (m/m)  Lag Time (min)*  

S9 10.996 7.91 0.4296 28.3 

 

Table 3-4: Subbasin characteristics for Las Flores catchment (S5). Each subbasin includes estimated area, flow 
path length, and basin slope derived from HEC-HMS terrain analysis. Lag time was computed using the 

watershed lag method and varies per subbasin. 

Subbasin  Area (km²)  Flow path Length (km)  Basin Slope (m/m)  Lag Time (min)*  

S5 15.607 13.04 0.3106 53.1 

 

Table 3-5: Subbasin characteristics for El Carrizal catchment (S2, S10, S11). Each subbasin includes estimated 
area, flow path length, and basin slope derived from HEC-HMS terrain analysis. Lag time was computed using 

the watershed lag method and varies per subbasin. 

Subbasin  Area (km²)  Flow path Length (km)  Basin Slope (m/m)  Lag Time (min)*  

S2 18.973 11.05 0.3486 55.8 

S10 8.3180 9.26 0.4123 39.2 

S11 0.5475 1.72   0.2487 9.9 

 

Table 3-6: Subbasin characteristics for Brazo El Zapote catchment (S1, S3, S4, S6-S8). Each subbasin includes 
estimated area, flow path length, and basin slope derived from HEC-HMS terrain analysis. Lag time was 

computed using the watershed lag method and varies per subbasin. 

Subbasin  Area (km²)  Flow path Length (km)  Basin Slope (m/m)  Lag Time (min)*  

S1 16.648 12.30 0.3293 52.2 

S3 14.747 11.05 0.3486 55.8 

S4 7.1699 9.48 0.3599 37.4 

S6 14.580 8.96 0.2595 41.7 

S7 1.2435 2.72 0.1934 18.5 

S8 2.0583 3.39 0.2365 20.9 
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Lag times derived using this approach vary across the Oriente Salvaje catchments, reflecting 

differences in subbasin size, slope, and relief, and range from approximately 10 minutes in 

the smallest headwater subbasins to approximately 56 minutes in the largest and longest-flow 

path subbasins. This represents a substantial improvement over the application of a constant 

lag time and improves simulation of peak timing and hydrograph shape across the Punta 

Mango, Las Flores, El Carrizal, and Brazo El Zapote catchments. 

Table 3-5 presents standard CN values for cultivated and agricultural land uses, adapted from 

USDA (1986). CN values are categorised by land cover type, treatment, hydrologic condition 

(poor or good), and hydrologic soil group (AïD), with Group D representing soils with the 

highest runoff potential. These reference values provide the basis for selecting appropriate 

CN parameters within the SCS CN loss method applied in the HEC-HMS model and are widely 

used in event-based flood modelling where site-specific calibration data are limited. 

 

Table 3-7: Runoff curve numbers for cultivated agricultural lands. From USDA (1986). 
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3.2.4 Baseflow Method  

The recession baseflow method was applied to represent baseflow conditions within each 

catchment. This method simulates groundwater contribution to streamflow through an 

exponential decay function following rainfall events, providing a simple and physically realistic 

representation of baseflow behaviour in ungauged basins. 

Given the absence of long-term streamflow records within the study area, baseflow 

parameters were selected using standard HEC-HMS guidance and values commonly adopted 

in small, steep, tropical catchments where calibration data are unavailable (USACE, 2021). 

This approach ensures consistency across subbasins while avoiding over-parameterisation. 

For each subbasin, baseflow was defined by three parameters: 

¶ Initial discharge, representing antecedent low-flow conditions at the start of the 

simulation. 

¶ Recession constant, controlling the rate of baseflow decay following peak flow. 

¶ Threshold type, defined as a ratio to peak discharge to determine when the recession 

limb is applied. 

Initial discharge values were assigned conservatively based on relative subbasin size and 

drainage characteristics, with lower values used for smaller headwater subbasins and higher 

values applied to larger downstream subbasins. Recession constants were selected in the 

range 0.94ï0.99, reflecting rapid post-event recession typical of steep coastal catchments with 

limited groundwater storage. 

A ratio to peak threshold of 0.1 was applied consistently across all subbasins, ensuring that 

baseflow recession commenced once flows had receded to near-baseflow conditions. This 

simplified baseflow representation is appropriate for the event-based flood simulations 

undertaken in this study and supports robust estimation of peak flows and hydrograph shape 

for parametric trigger development. 

 

3.2.5 Hydrographs  

Using the defined hydrological parameters and meteorological model, event-based 24-hour 

storm scenarios representing documented extreme tropical storms were simulated for each 

catchment. Separate simulations were performed for the Punta Mango, Las Flores, El Carrizal, 

and Brazo El Zapote catchments to generate design hydrographs at their respective basin 

outlets (Figure 3-1). 
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Each model incorporated catchment-specific terrain, loss, transform, and baseflow 

parameters, reflecting differences in basin geometry, slope, and hydrological response. 

Simulations were undertaken over a four-day computation window, including a one-day lead-

in period to establish antecedent baseflow conditions and a sufficient post-event period to 

allow flows to recede fully. 

The resulting hydrographs provide information on peak discharge magnitude, timing, and 

hydrograph shape under documented extreme rainfall conditions. Peak discharges simulated 

for the Tropical Storm Amanda (2020) and Tropical Storm Alberto (2024) scenarios are 

summarised in Table 3-8. 

 

 

Figure 3-1: Representative hydrographs at the basin outlet (Sink-1) for event-based simulations, illustrating 
catchment response to 24-hour tropical storm rainfall scenarios scaled to documented extreme events (Tropical 

Storm Amanda (top); Tropical Storm Alberto (bottom)). 
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Table 3-8: Event-based peak discharge volumes for each catchment. 

Event  Punta Mango  Las Flores  El Carrizal  Brazo El Zapote  

Amanda (2020) 945 m³/s 878 m³/s 1,605 m³/s 3,578 m³/s 

Alberto (2024): 1,392 m³/s 1,295 m³/s 2,368 m³/s 5,302 m³/s 

 

These hydrographs were subsequently applied as upstream boundary conditions in the HEC-

RAS hydraulic models to simulate flood extent, inundation depth, and flow velocity under 

extreme rainfall scenarios. The results form the basis for assessing flood hazard exposure 

and informing rainfall-based trigger selection for the Oriente Salvaje parametric insurance 

product. 

 

Punta Mango  (Subbasin S9)  

Hydrographs generated for Punta Mango show a rapid rise to peak discharge, followed by a 

steep recession limb, characteristic of short, steep catchments with limited storage. Peak 

discharges occurred approximately 12ï13 hours after storm onset for both events, coincident 

with the peak of the adopted tropical-storm temporal rainfall distribution. Tropical Storm 

Alberto produced a peak discharge approximately 47% higher than Tropical Storm Amanda, 

consistent with the higher documented rainfall magnitude for the 2024 event. The results are 

illustrated in Error! Reference source not found. . 

 

Las Flores (Subbasin S5)  

Las Flores exhibits a similar hydrological response to Punta Mango, with sharp peak flows 

and short response times, reflecting comparable catchment characteristics. Peak discharges 

for Las Flores increased from 878 m³/s during Tropical Storm Amanda to 1,295 m³/s during 

Tropical Storm Alberto. The timing of peak discharge aligns closely with Punta Mango, 

indicating coherent storm-driven runoff response across the eastern Oriente Salvaje 

catchments. The results are illustrated in Error! Reference source not found. . 
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Figure 3-2: Punta Mango (Subbasin S9) ð Simulated hydrographs for Tropical Storm 

Amanda (2020, top) and Tropical Storm Alberto (2024, bottom). 

 

 
Figure 3-3: Las Flores (Subbasin S5) ð Simulated hydrographs for Tropical Storm 

Amanda (2020, top) and Tropical Storm Alberto (2024, bottom). 
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3.3 HEC-RAS 

The hydrographs developed with HEC-HMS were used as the upstream boundary conditions 

to simulate flood extents, depths, and flow velocities for each catchment using HEC-RAS. The 

model was configured using two-dimensional unsteady flow to represent overland flow, 

channelïfloodplain interactions, and floodplain storage during extreme rainfall. This approach 

enables spatially explicit assessment of rainfall-driven flooding relevant to hazard exposure 

mapping and the development of rainfall-based parametric insurance triggers. 

A baseline low-flow condition was defined as a constant discharge applied uniformly across 

all inflow boundaries, representing steady-state conditions in the absence of rainfall forcing.  

Each simulation was run using a three-day modelling window, including a one-day lead-in 

period to establish antecedent baseflow conditions and sufficient post-event duration to allow 

flows to fully recede. This configuration ensures that peak discharge timing, flood wave 

propagation, and floodplain inundation are realistically represented for each extreme storm 

scenario. 

 

3.3.1 Coastal  Boundary  

A downstream stage hydrograph boundary condition was applied at the coastal outlet of each 

model to represent time-varying ocean water levels and the resulting hydraulic control on 

catchment drainage during extreme rainfall events. The applied stage boundary explicitly 

incorporates: 

¶ Astronomical tide variability, represented as a cyclic coastal water level fluctuation over 

the simulation period. 

¶ A sea level rise (SLR) allowance, applied as a vertical offset to the baseline coastal 

water level time series. 

This approach enables representation of backwater effects and compound interactions 

between elevated coastal water levels and rainfall-driven river flows, which are particularly 

important for low-lying coastal communities. Under elevated coastal stages, conveyance 

capacity at the model outlet may be reduced, increasing upstream water surface elevations 

and flood extents during peak inflow conditions. 

Where appropriate for extreme event testing, the downstream stage hydrograph also includes 

an elevated coastal water level allowance representative of storm-related conditions 

(combined tide and surge-equivalent setup), applied as a conservative, event-based 

boundary. 
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Tidal Component  

Astronomical tidal conditions along the Oriente Salvaje coast were characterised in Phase 1 

of the project (Atkin and Castro, 2025) which include tidal analysis based on regional tide 

modelling and long-term water level statistics for the southeastern Pacific coast of El Salvador. 

Tides in this region are mixed semidiurnal, with two high and two low tides per day of unequal 

magnitude. 

Representative tidal datums adopted for the study area are summarised in Table 3-9 and 

include Lowest Astronomical Tide (LAT), Mean Low Water Neaps (MLWN), Mean Sea Level 

(MSL), Mean High Water Neaps (MHWN), Mean High Water Springs (MHWS), and Highest 

Astronomical Tide (HAT). Relative to LAT, MSL is approximately 1.52 m, while MHWS and 

HAT reach approximately 2.61 m and 3.11 m, respectively. 

 

Table 3-9: Tidal datum estimated from the 18.6-year astronomical tidal record. 

Datum  LAT MLWS MLWN MSL MHWN MWHS HAT 

Water Level (m)  0 0.42 0.82 1.52 2.22 2.61 3.11 

 

For hydraulic modelling, the downstream coastal boundary condition was implemented as a 

time-varying stage hydrograph representing cyclic astronomical tide behaviour over the 

simulation period. This tidal signal provides realistic downstream hydraulic control and enables 

simulation of tidal backwater effects propagating upstream during extreme rainfall events. 

 

Sea Level Rise  

Elevated baseline sea levels are expected to amplify compound flooding risk by increasing 

tidal backwater effects and reducing drainage efficiency during extreme rainfall events, 

particularly in estuarine and coastal floodplain settings. Sea level rise projections used to 

inform the coastal boundary condition are based on the Phase 1 climate assessment for the 

Oriente Salvaje region. Regional projections indicate that mean sea level along the El 

Salvador coast is expected to rise by approximately 0.5ï0.6 m by mid-century under 

intermediate emissions scenarios, increasing to ~0.7 m by 2100 under higher emissions 

pathways (SSP3-7.0) (Figure 3-4). 

These projections are consistent with global and regional assessments reported by the NASA 

Sea Level Projection Tool, IPCC AR6, and regional Central American studies. The applied 

SLR allowance therefore represents a reasonable and defensible upper-bound coastal 
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condition for flood modelling, accounting for long-term sea level rise without introducing 

additional scenario uncertainty. 

 

 

Figure 3-4: Projected Sea level rise under IPCC AR6 emissions scenarios at La Unión, located ~50 km east of 
Oriente Salvaje. The SSP3-7.0 scenario (orange line) projects approximately 0.71 m of total SLR by 2100. This 
projection includes regional adjustments and provides a reasonable proxy for future conditions at the study site. 

Source: NASA Sea Level Projection Tool. 

 

Site-specific vertical land movement (VLM) data are not currently available for the study area. 

Regional projections from the NASA Sea Level Projection Tool indicate negligible VLM (on 

the order of ±0.01 m by 2100) for nearby reference locations. Given the marginal magnitude 

of this effect relative to projected sea level rise and storm-driven water levels, no explicit VLM 

adjustment were applied. 

 

Storm Surge  

A storm surge still-water-level allowance was estimated for Tropical Storm Alberto (2024) 

using the inverse barometer effect (IBE), based on the minimum reported atmospheric 

pressure during the event. The inverse barometer relationship assumes approximately 1 cm 

of sea-level rise per 1 mbar (hPa) reduction in atmospheric pressure (NOAA, 1993). For 

Tropical Storm Alberto, the minimum reported pressure was Ò 993 mbar. Adopting a 

representative background sea-level pressure of ~1010 mbar, the associated pressure 

anomaly is approximately 17 mbar, corresponding to an inverse barometer sea-level rise of 

~0.17 m. 

https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool?psmsl_id=558&data_layer=scenario
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While Alberto made landfall on the Gulf of Mexico coast and no direct storm surge 

observations are available for the Pacific coast of El Salvador, the event was associated with 

moderate sustained winds of ~45 kt (å23 m/s) and a broad wind field. In the absence of site-

specific wind-setup calculations (e.g. fetch-limited or shelf-slope dependent formulations), a 

conservative storm surge allowance of 0.30 m was adopted to represent combined pressure-

driven setup and plausible wind-driven contributions. This allowance was applied as a positive 

vertical offset to the downstream coastal stage boundary for scenario testing and represents 

storm-driven still water level (surge) only; wave setup and runup are not explicitly included. 

 

3.3.2 Model Scenario Configuration  

To efficiently explore rainfallïcoastal interactions without unnecessary complexity, a limited 

set of hydraulic scenarios was defined. In addition to the two event-based scenarios, a 

baseline flow scenario was developed. This baseline flow scenario is defined as a constant 

low-flow discharge applied uniformly across all inflow boundaries, representing steady-state 

conditions in the absence of rainfall forcing. The three internal inflow cases are combined with 

two external coastal stage conditions. This results in a total of six modelling scenarios, which 

are provided in Table 3-10. 

 

Table 3-10: HEC-RAS Unsteady Flow Boundary Condition Scenarios. 

Scenario  ID Scenario  Name  Inflow  External (Coastal)  Scenario Intent  

A BASE_Tide Baseline inflows Tide-only 
Model stability + 
mapping check 

A2 BASE_HAT_SLR Baseline inflows HAT + SLR50y 
Check sensitivity of 

tailwater only 

B AMANDA_HAT Amanda inflows HAT only Main event run 

D AMANDA_HAT_SLR Amanda inflows HAT + SLR50y 
Compound flooding 

sensitivity 

G ALBERTO_HAT Alberto inflows HAT only Main event run 

G2 ALBERTO_HAT_SS Alberto inflows HAT + Storm Surge 
Compound flooding 
sensitivity (rainfall + 

tide + surge) 

 

3.3.3 Hydraulic Model Domain  

The DEM was imported into RAS Mapper and used as the primary topographic surface for 

terrain representation. A 2D Flow Area was digitised for each domain to ensure continuous 

coverage from upstream inflow boundary locations to the coastal outlet. The 2D domains were 
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configured to capture key flood pathways, including river/stream corridors, low-gradient 

coastal plains, and potential backwater-affected zones near the outlet. 

Figure 3-5 illustrates the overall HEC-RAS 2D domain configuration. A wide coastal grid was 

applied to ensure continuous hydraulic connectivity from the upstream catchment inflow 

boundaries to the open ocean boundary. Internal inflow boundary locations represent the four 

contributing catchments and receive event-based hydrographs derived from HEC-HMS. 

Refined 2D flow areas were applied along river channels, floodplains, and low-lying coastal 

zones to improve resolution of flow conveyance, floodplain spreading, and backwater effects, 

while coarser resolution was retained in upland areas to maintain computational efficiency. 

This domain setup enables robust simulation of rainfall-driven flooding and compound 

interactions between peak river discharge and elevated coastal water levels. 

 

 

Figure 3-5: HEC-RAS 2D model domain configuration for the Oriente Salvaje study area, showing the wide 
coastal grid, internal inflow boundary locations for the four catchments, refined 2D flow areas along river corridors 

and floodplains, and the downstream coastal stage boundary representing tidal and sea-level conditions. 

 

Primary model outputs include spatial maps of maximum inundation extent, maximum water 

depth, and peak velocity, as well as time series of flow, stage, and volume diagnostics at key 

locations. For reporting and interpretation, results were summarised using peak water 

level/depth patterns and high-velocity corridors to identify dominant flood pathways and areas 

of potentially higher hazard. These outputs provide the technical basis for: (i) comparing 

relative flood severity between scenarios, (ii) understanding sensitivity to coastal boundary 

conditions (tide-only versus tide + SLR planning horizon), and (iii) informing rainfall-based 

parametric trigger selection using physically consistent flood response indicators. 
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3.4 Model Validation  

Formal quantitative validation of the hydraulic model is not possible due to the absence of 

long-term gauged river flow records and continuous coastal water-level observations. As such, 

model validation is undertaken using a qualitative, event-based approach, comparing 

simulated flood behaviour with independent observational evidence. 

Figure 3-6 presents modelled coastal inundation at Las Flores under elevated coastal water 

levels, highlighting flooding driven primarily by large astronomical tides conditions. Inundation 

is concentrated along the open coastline and low-lying foreshore areas, with limited upstream 

penetration into fluvial channels, reflecting a predominantly coastal-driven flooding 

mechanism. This pattern contrasts with the rainfall-dominated flooding observed at Punta 

Mango, providing a useful comparative validation of distinct flood-generating processes 

across the study area. 

Figure 3-7 presents modelled flood extent and depth patterns at Punta Mango under extreme 

rainfall combined with elevated coastal water levels. Modelled inundation is concentrated 

along the lower creek corridor and adjacent low-lying coastal areas, with widespread overbank 

flooding driven primarily by high rainfall volumes and rapid downstream conveyance. Elevated 

coastal water levels act to locally reduce drainage efficiency near the outlet but do not reverse 

the dominant seaward flow direction during peak rainfall conditions. 

Independent observations (Atkin and Castro, 2025) provide useful contextual validation of 

these simulated patterns. Photographic and stakeholder evidence documents coastal 

inundation at Las Flores on 28 April 2025 associated with large astronomical tides, as well as 

flooding and infrastructure damage at Agua Fria near Punta Mango on 16 June 2024 following 

extreme rainfall (Figure 3.2). While driven by different dominant processes, these events 

confirm the sensitivity of low-lying coastal settlements to both rainfall-driven fluvial flooding 

and elevated coastal water levels. 

The spatial correspondence between modelled inundation zones and observed flood-affected 

areas provides confidence that the hydraulic model captures the dominant flood-generating 

processes relevant to extreme rainfall and compound coastal conditions in the study area. 

While this validation approach does not replace statistical calibration against measured water 

levels, it provides a robust, context-appropriate assessment of model performance in a data-

scarce environment. The consistency between simulated outcomes and observed flood 
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impacts supports the suitability of the model for comparative scenario analysis, compound 

flood assessment, and parametric trigger development. 

 

Figure 3-6: Modelled coastal inundation extent and water depths at Las Flores under elevated coastal water 
levels illustrating tidal coastal flooding consistent with observed inundation during large tidal events on 28 April 

2025 (Phase 1 observations). 
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Figure 3-7: Modelled flood extent and water depths at Punta Mango under compound extreme rainfall and 
elevated coastal water levels, illustrating rainfall-dominated fluvial flooding consistent with observed flooding and 

infrastructure damage during the 16 June 2024 extreme rainfall event (Phase 1 observations). 
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4 Hydraulic Model Scenario Results  

This section presents the spatial and hydraulic outputs from the HEC-RAS simulations, 

including flood extent and maximum water depth under each rainfall scenario, differences in 

flood behaviour between catchments and villages, identification of flood-prone areas and 

exposed infrastructure. Figure 4-1 presents modelled flood extents under the Tropical Storm 

Alberto + HAT scenario and illustrates the spatial distribution of coastal and fluvial inundation 

influenced by catchment inflows and downstream tidal boundary conditions. The results are 

presented for each of the four catchments. The scenarios are structured to progressively 

isolate rainfall-driven flooding, coastal tailwater influence, and compound rainfallïcoastal 

interactions, providing a clear basis for interpreting flood mechanisms and impact escalation 

across increasing hazard severity. 

 

 

Figure 4-1: Overview of modelled flood extents in the AOI under the Tropical Storm Alberto + HAT scenario. The 
output highlights four primary areas for assessment: Punta Mango, Las Flores, El Carrizal, and Brazo El Zapote. 
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4.1 Punta Mang o 

The following maps present simulated flood extent and maximum water depth for a range of 

rainfall and coastal water level combinations (Scenarios AïG) at Punta Mango.  

 

Scenario  A ï Base Rainfall + No n-extreme  Tide 

This scenario represents baseline rainfall conditions combined with a non-extreme coastal tide 

and provides a reference case for isolating rainfall-driven flooding behaviour without significant 

coastal backwater influence (Figure 4-2). 

 

 

Figure 4-2: Simulated flood extent and maximum water depth for Scenario A (baseline rainfall with non-extreme 
tide) at Punta Mango. Flooding remains largely confined to the channel corridor, with minor ponding in low-lying 

areas and limited floodplain activation. 
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Scenario  A2 ï Base Rainfall +  HAT + SLR50 

This scenario isolates the effect of elevated coastal water levels under baseline rainfall 

conditions, illustrating the sensitivity of the lower channel and outlet area to tailwater control 

and reduced drainage efficiency (Figure 4-3). 

 

 

Figure 4-3: Simulated flood extent and maximum water depth for Scenario A2 (baseline rainfall with elevated 
coastal stage) at Punta Mango. Elevated tailwater increases water levels in the lower channel and near the 

outlet, indicating sensitivity to downstream coastal control despite unchanged inflow. 
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Scenario  B ï Amanda  Rainfall +  HAT 

This scenario represents a severe but plausible tropical storm event. Increased inflow 

magnitudes result in more frequent channel overtopping, particularly at constrictions, road 

crossings, and bridge approaches (Figure 4-4). 

 

 

Figure 4-4: Simulated flood extent and maximum water depth for Scenario B (Amanda-type rainfall with high 
astronomical tide) at Punta Mango. Increased inflow produces localised channel overtopping at constrictions and 

road crossings, with backwater effects extending upstream. 
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Scenario  D ï Amanda Rainfall + HAT + SLR 50 

This compound scenario highlights the combined effect of severe rainfall and elevated coastal 

stage, producing deeper inundation near the outlet and extending flood impacts further 

upstream (Figure 4-5). 

 

 

Figure 4-5: Simulated flood extent and maximum water depth for Scenario D (Amanda-type rainfall combined 
with elevated coastal stage) at Punta Mango. Compound rainfallïtailwater conditions amplify inundation depth 

near the outlet and expand flooding along the lower creek corridor. 
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Scenario  G ï Alberto Rainfall + HAT  

This upper-bound rainfall scenario produces the largest inflow volumes and peak discharges, 

resulting in extensive channel overtopping and increased flood depths along the lower creek 

corridor (Figure 4-6). 

 

 

Figure 4-6: Simulated flood extent and maximum water depth for Scenario G (Alberto-type upper-bound rainfall 
with high astronomical tide) at Punta Mango. Sustained channel overtopping occurs along the lower reaches, 

with widespread inundation and increased flood depths near road crossings. 
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Scenario  G2 ï Alberto Rainfall + HAT + Storm Surge  

This compound scenario combines upper-bound Alberto-type rainfall with high astronomical 

tide and an additional storm surge allowance at the coastal boundary. Elevated coastal water 

levels increase downstream tailwater and backwater effects, reducing drainage efficiency at 

the river outlet (Figure 4-7). Compared to the rainfall-only case, flood depths increase near 

the river mouth and inundation extends further upstream, with more persistent flooding in low-

lying coastal areas. 

 

 

Figure 4-7: Simulated flood extent and maximum water depth for Scenario G2 (Alberto-type upper-bound rainfall 
with high astronomical tide and storm surge) at Punta Mango. Elevated coastal water levels enhance backwater 
effects, increasing flood depths near the river mouth and extending inundation upstream relative to the rainfall-

only scenario. 
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Scenario  F ï Alberto Rainfall + HAT + SLR 50 

This represents the worst-case compound flooding scenario, combining upper-bound rainfall 

with elevated coastal water levels. Flooding is most extensive under this scenario, with 

pronounced backwater effects and increased inundation of roads and low-lying infrastructure 

(Figure 4-8). 

 

 

Figure 4-8: Simulated flood extent and maximum water depth for Scenario F (upper-bound rainfall combined with 
elevated coastal stage) at Punta Mango. Flooding is most extensive under this scenario, with pronounced 

backwater effects, deep inundation near the outlet, and widespread impacts to roads and adjacent low-lying 
areas. 

 

4.1.1 Key Sensitivity and Exposure Points  

Key exposure points within the Punta Mango catchment include the primary bridge crossing, 

adjacent road approaches, low-lying settlement pockets, and the coastal outlet zone (Figure 

4-9). These locations consistently exhibit the highest sensitivity to compound flooding due to 
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the combined influence of channel constriction, downstream tailwater control, low local relief, 

and drainage bottlenecks. 

Modelled results indicate that elevated water depths concentrate at bridge crossings and 

channel bends, where reduced hydraulic capacity and backwater effects amplify inundation 

under coincident rainfall and high coastal stage conditions. Under upper-bound compound 

scenarios (Scenario F), inundation extends beyond the channel corridor into adjacent road 

approaches and low-lying developed areas, increasing the likelihood of access disruption and 

functional isolation. 

Flood behaviour in Punta Mango is controlled by the confined valley geometry, the short 

hydraulic distance from steep headwaters to the coast, and tailwater control at the coastal 

outlet. Under baseline inflow conditions (Scenario A), flooding is largely confined to the main 

channel corridor, with limited overbank expansion. 

Under the Amanda inflow scenario (Scenario B), increased inflow volumes and higher peak 

discharges drive more frequent overtopping at the channel margins, with inundation extending 

into low-lying areas adjacent to the creek and towards the coastal outlet. Results indicate that 

the bridge crossing and adjacent roads are sensitive locations where local conveyance 

constraints can increase flood depths and expand inundation extent, even where overbank 

flow remains topographically constrained. 

The Alberto scenario (Scenario G) represents an upper-bound rainfall-driven event and 

produces the most extensive fluvial flooding. Under these conditions, rapid downstream 

conveyance dominates system behaviour, resulting in widespread overbank flooding in low-

lying areas and significant inundation along the lower creek corridor. 

Under elevated baseline coastal water levels associated with high astronomical tide and SLR 

(Scenario F), tailwater control becomes increasingly influential near the outlet. Elevated 

downstream stages reduce drainage efficiency and increase flood depths locally at the river 

mouth and adjacent floodplain, even under moderate rainfall conditions, increasing the 

frequency and duration of nuisance to moderate flooding in low-lying coastal areas. 

When upper-bound rainfall is combined with elevated coastal water levels and storm surge 

allowance (Scenario G2), compound flooding effects are most pronounced near the outlet. 

Elevated coastal stages amplify local flood depths and persistence; however, flow direction 

during peak rainfall remains strongly seaward-directed, with rainfall volumes continuing to 

control flood propagation. 

Overall, Punta Mango is characterised by rainfall-dominated flooding at the catchment scale, 

with strong sensitivity to elevated tailwater conditions near the coastal outlet. Both the chronic 
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baseline elevation (Plan ID F) and acute compound forcing (Scenario G2) can 

disproportionately increase flood impacts in low-lying areas, highlighting the importance of 

representing rainfallïtideïSLR interactions when assessing exposure. 

 

 

Figure 4-9: Maximum simulated flood depth for Scenario G2 (Alberto rainfall + HAT + SS) at Punta Mango. 
Simulated flood depths exceed 6ï7 m within the main creek channel upstream of the bridge crossing, with 

elevated depths persisting near the coastal outlet due to combined rainfall-driven inflows and elevated tailwater 
levels. These depth concentrations identify critical exposure points associated with compound flooding under 

extreme event conditions. 
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4.2 Las Flores  

The following scenario maps present simulated flood extent and maximum water depth for a 

range of rainfall and coastal water level combinations (Scenarios AïG) at Las Flores.  

 

Scenario  A ï Base Rainfall + No n-extreme  Tide 

This scenario represents baseline rainfall conditions combined with a non-extreme coastal tide 

and provides a reference case for isolating rainfall-driven flooding behaviour without significant 

coastal backwater influence (Figure 4-10). 

 

 

Figure 4-10: Simulated flood extent and maximum depth for Scenario A (baseline rainfall with non-extreme tide) 
at Las Flores. Inundation is concentrated along the lower channel and coastal low points, with limited floodplain 

spreading under baseline coastal conditions. 
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Scenario  A2 ï Base Rainfall +  HAT + SLR50 

This scenario isolates the effect of elevated coastal water levels under baseline rainfall 

conditions, illustrating the sensitivity of the lower channel and outlet area to tailwater control 

and reduced drainage efficiency (Figure 4-11). 

 

 

Figure 4-11: Simulated flood extent and maximum depth for Scenario A2 (baseline rainfall with elevated coastal 
stage) at Las Flores. Increased tailwater reduces outlet drainage efficiency and expands inundation across low-

lying coastal areas relative to Scenario A.  
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Scenario  B ï Amanda Rainfall + HAT  

This scenario represents a severe but plausible tropical storm event. Increased inflow 

magnitudes result in more frequent channel overtopping, particularly at constrictions, road 

crossings, and bridge approaches (Figure 4-12). 

 

Figure 4-12: Simulated flood extent and maximum depth for Scenario B (Amanda-type rainfall with high 
astronomical tide) at Las Flores. Increased inflows generate broader overbank inundation across the coastal 

plain, with depth concentrations along the lower channel and near access routes.  
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Scenario  D ï Amanda Rainfall + HAT + SLR50  

This compound scenario highlights the combined effect of severe rainfall and elevated coastal 

stage, producing deeper inundation near the outlet and extending flood impacts further 

upstream (Figure 4-13). 

 

 

Figure 4-13: Simulated flood extent and maximum depth for Scenario D (Amanda-type rainfall combined with 
elevated coastal stage) at Las Flores. Compound tailwater effects deepen flooding near the outlet and increase 

inundation extent and persistence in low-lying settlement areas.  
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Scenario  G ï Alberto Rainfall + HAT  

This upper-bound rainfall scenario produces the largest inflow volumes and peak discharges, 

resulting in extensive channel overtopping and increased flood depths along the lower creek 

corridor (Figure 4-14). 

 

 

Figure 4-14: Simulated flood extent and maximum depth for Scenario G (Alberto-type upper-bound rainfall with 
high astronomical tide) at Las Flores. This scenario produces extensive inundation across low-relief coastal 

areas, with sustained flooding along the lower channel corridor. 
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Scenario  G2 ï Alberto  Rainfall +  HAT + Storm Surge  

This compound scenario combines upper-bound Alberto-type rainfall with high astronomical 

tide and an event-based storm surge allowance applied at the coastal boundary (Figure 4-15). 

The inclusion of storm surge elevates downstream coastal water levels during the event, 

increasing tailwater control at the river outlet and reducing drainage efficiency relative to the 

rainfall-only scenario. Flood depths increase primarily in the lower catchment and coastal 

fringe, with more persistent inundation in low-lying areas adjacent to the outlet. 

During peak rainfall, flood propagation remains rainfall-dominated and strongly seaward-

directed, with rapid downstream conveyance along the creek corridor. However, elevated 

coastal stages during the surge phase amplify flood depths and inundation extent near the 

outlet, and increase flood persistence following peak inflows, relative to the rainfall-only case. 

This scenario highlights the sensitivity of the Las Flores catchment to short-duration coastal 

water-level elevation during extreme rainfall, demonstrating how storm surge can intensify 

flood impacts without reversing dominant flow direction. 

 

 

Figure 4-15: Simulated flood extent and maximum water depth for Scenario G2 (Alberto-type upper-bound rainfall 
with high astronomical tide and storm surge) at Las Flores.  
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Scenario  F ï Alberto Rainfall + HAT + SLR50  

This represents the worst-case compound flooding scenario, combining upper-bound rainfall 

with elevated coastal water levels. Flooding is most extensive under this scenario, with 

pronounced backwater effects and increased inundation of roads and low-lying infrastructure 

(Figure 4-16). 

 

 

Figure 4-16: Simulated flood extent and maximum depth for Scenario F (upper-bound rainfall combined with 
elevated coastal stage) at Las Flores. Flooding is most extensive under this scenario, with pronounced tailwater 

control increasing flood depths near the outlet and expanding inundation inland across low-lying areas. 

 

4.2.1 Key sensitivity and exposure points  

Key exposure points within Las Flores include low-lying settlement areas adjacent to the lower 

channel, coastal access routes, and the outlet zone where elevated coastal stages constrain 

drainage. These locations show high sensitivity to compound flooding due to a combination of 

low relief, tailwater control, and limited outlet conveyance capacity. 

Compared with Punta Mango, the flood hazard at Las Flores is less confined and is 

characterised by broader spatial inundation across the coastal plain under elevated coastal 
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stages (Figure 4-17). Model outputs indicate that maximum flood depths concentrate along 

the lower channel corridor and at localised constrictions, while widespread shallow inundation 

affects low-lying settlement areas and road corridors under compound conditions (HAT + SS). 

 

 

Figure 4-17: Maximum simulated flood depth for Scenario G2 (Alberto rainfall + HAT + SS) at Las Flores. 
Simulated flood depths exceed 5-6 m within the main creek channel upstream of the bridge crossing, with 

elevated depths persisting near the coastal outlet due to combined rainfall-driven inflows and elevated tailwater 
levels. These depth concentrations identify critical exposure points associated with compound flooding under 

extreme event conditions. 

 

Flood behaviour in Las Flores is strongly influenced by the low-lying coastal setting and a 

comparatively wider floodplain/estuarine outlet zone relative to Punta Mango. The lower 

catchment is characterised by flat terrain near the coast, limited conveyance capacity at the 

outlet, and sensitivity to downstream coastal water levels. As a result, Las Flores exhibits a 

strong tailwater-controlled flooding response, where elevated coastal stages can increase 

flood depths and expand inundation extent across low-lying settlement areas even under 

moderate inflow conditions. 

Under baseline inflow conditions (Scenario A), flooding is largely confined to the lower channel 

corridor and adjacent low points. However, even under baseline rainfall, elevated coastal 
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stages (Scenario A2) reduce drainage efficiency at the outlet and increase water levels in the 

lower reaches, leading to broader inundation of low-lying areas adjacent to the channel and 

coastal fringe. 

Under the severe rainfall scenario (Scenario B: Amanda-type inflow), increased inflow 

volumes produce more frequent overbank interaction along the lower channel, with inundation 

expanding into low-lying areas near the settlement. When combined with elevated coastal 

stage (Scenario D), compound conditions amplify flood depths and extent in the downstream 

zone, indicating heightened sensitivity of Las Flores to coincident rainfall and high tide 

conditions. 

The upper-bound rainfall scenario (Scenario G: Alberto-type inflow) produces the largest 

inflow volumes and peak discharges, resulting in the most extensive inundation. Under these 

conditions, flooding expands across the low-relief coastal plain, with sustained inundation near 

the outlet and increased exposure of access routes and low-lying developed areas. When 

combined with HAT + SLR (Scenario F), tailwater control further increases flood depths and 

persistence in the coastal zone and can extend inundation further inland along the lower 

channel corridor. 

Overall, Las Flores is characterised by extent-dominated inundation and strong sensitivity to 

elevated coastal stage, where modest increases in downstream water level can produce 

disproportionate increases in flood extent, duration, and exposure across low-lying settlement 

areas. This behaviour highlights the importance of representing rainfallïtideïSLR interactions 

when assessing flood hazard and defining impact-based trigger thresholds for parametric 

insurance applications. 
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4.3 El Carrizal  

The following scenario maps present simulated flood extent and maximum water depth for a 

range of rainfall and coastal water level combinations (Scenarios AïG) at El Carrizal. 

 

Scenario  A ï Base Rainfall + Non -extreme Tide  

This scenario represents baseline rainfall conditions combined with a non-extreme coastal tide 

and provides a reference case for isolating rainfall-driven flooding behaviour without significant 

coastal backwater influence (Figure 4-18). 

 

 

Figure 4-18: Simulated flood extent and maximum depth for Scenario A at El Carrizal. Inundation is largely 
confined to the channel corridor with limited overbank interaction in the downstream lowland zone.  
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Scenario  A2 ï Base Rainfall +  HAT + SLR50 

This scenario isolates the effect of elevated coastal water levels under baseline rainfall 

conditions, illustrating the sensitivity of the lower channel and outlet area to tailwater control 

and reduced drainage efficiency (Figure 4-19). 

 

 

Figure 4-19: Scenario A2 at El Carrizal showing elevated coastal stage effects near the outlet, increasing water 
levels and shallow inundation persistence in low-lying downstream areas relative to Scenario A.  
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Scenario  B ï Amanda Rainfall + HAT  

This scenario represents a severe but plausible tropical storm event. Increased inflow 

magnitudes result in more frequent channel overtopping, particularly at constrictions, road 

crossings, and bridge approaches (Figure 4-20). 

 

 

Figure 4-20: Scenario B at El Carrizal showing increased overbank interaction along downstream margins, with 
shallow inundation expanding into low-lying areas adjacent to the channel under severe rainfall.  
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Scenario  D ï Amanda Rainfall + HAT + SLR50  

This compound scenario highlights the combined effect of severe rainfall and elevated coastal 

stage, producing deeper inundation near the outlet and extending flood impacts further 

upstream (Figure 4-21). 

 

 

Figure 4-21: Scenario D at El Carrizal illustrating compound effects of severe inflow and elevated coastal stage, 
deepening inundation near the outlet and increasing flood persistence in downstream low-relief areas.  
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Scenario  G ï Alberto Rainfall + HAT  

This upper-bound rainfall scenario produces the largest inflow volumes and peak discharges, 

resulting in extensive channel overtopping and increased flood depths along the lower creek 

corridor (Figure 4-22). 

 

 

Figure 4-22: Scenario G at El Carrizal showing the most extensive rainfall-driven flooding, with floodwaters 
spreading across the downstream lowland zone and increased depths along the lower channel corridor.  
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Scenario  G2 ï Alberto Rainfall + HAT + Storm Surge  

This compound scenario combines upper-bound Alberto-type rainfall with high astronomical 

tide and an event-based storm surge at the coastal boundary (Error! Reference source not 

found. ). Storm surge elevates coastal water levels, increasing tailwater control and reducing 

drainage efficiency relative to the rainfall-only scenario. Flood depths increase primarily across 

the downstream lowland and floodplain transition zone, with widespread shallow inundation 

developing in low-relief areas adjacent to the lower channel and coastal fringe. This scenario 

highlights the sensitivity of the El Carrizal catchment to short-duration coastal water-level 

elevation during extreme rainfall, demonstrating how storm surge can significantly intensify 

flood extent, depth, and duration without reversing the fluvial flow direction. 

 

 

Figure 4-23: Scenario G2 at El Carrizal showing upper-bound rainfall with elevated coastal stage and storm surge 
allowance, increasing tailwater control and prolonging inundation near the downstream boundary relative to the 

rainfall-only case.  
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Scenario  F ï Alberto Rainfall + HAT + SLR50  

This represents the worst-case compound flooding scenario, combining upper-bound rainfall 

with elevated coastal water levels. Flooding is most extensive under this scenario, with 

pronounced backwater effects and increased inundation of roads and low-lying infrastructure 

(Figure 4-24). 

 

 

Figure 4-24: Scenario F at El Carrizal showing upper-bound rainfall combined with elevated coastal stage, 
producing deeper and more persistent inundation near the outlet and expanded flooding across low-lying 

downstream areas. 

 

4.3.1 Key sensitivity and exposure points  

Key exposure points within El Carrizal include low-lying areas adjacent to the lower channel 

corridor, road crossings and culvert-controlled drainage pathways, and downstream floodplain 

zones where shallow inundation can persist during and after peak inflows. These locations 

are sensitive to both rainfall-driven flood spreading and compound tailwater effects that reduce 

drainage efficiency near the outlet. 
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Compared with Punta Mango, El Carrizal exhibits less strictly confined flooding and greater 

propensity for floodplain spreading and ponding in downstream low-relief areas (Figure 4-25). 

Model outputs indicate that maximum flood depths concentrate along the main channel 

corridor and at localised constrictions (including crossings), while widespread shallow 

inundation develops across the downstream floodplain under severe and upper-bound rainfall 

scenarios. Under elevated coastal stage conditions (HAT, HAT + SLR50, and storm surge 

allowance), flood persistence increases near the outlet and in low-lying zones, reflecting 

reduced hydraulic gradient for drainage. 

 

 

Figure 4-25: Maximum simulated flood depth for Scenario G2 (Alberto-type upper-bound rainfall combined with 
high astronomical tide and storm surge allowance) at El Carrizal. Peak flood depths of approximately 8ï9 m are 

concentrated within the lower channel corridor upstream of the bridge crossing, reflecting high rainfall-driven 
inflows constrained by channel geometry and elevated tailwater conditions at the coastal outlet. Widespread 
shallow inundation persists across the downstream floodplain and coastal fringe, indicating reduced drainage 

efficiency and prolonged flood duration under compound conditions. These depth concentrations identify critical 
exposure points at crossings, access routes, and low-lying settlement areas during extreme compound flood 

events. 
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Flood behaviour in El Carrizal reflects a transitional catchment setting, with steep headwaters 

draining into a broader lowland/alluvial zone near the coast. Compared with Punta Mango, El 

Carrizal has greater floodplain storage potential in downstream reaches and is therefore less 

purely channel-confined. However, the lowland transition zone remains sensitive to local 

drainage constraints (including road crossings and culvert capacity), which can promote 

ponding and prolonged shallow inundation during large events. 

Under baseline inflow conditions (Scenario A), inundation is generally limited to the main 

channel corridor and immediate low points, with minor overbank interaction in the lower 

reaches. Under the severe rainfall scenario (Scenario B: Amanda-type inflow), increased 

discharge produces more frequent overtopping along downstream margins and expansion into 

low-lying areas adjacent to the channel, particularly where drainage pathways are constrained 

by infrastructure. 

The upper-bound rainfall scenario (Scenario G: Alberto-type inflow) generates the largest 

inflow volumes and peak discharges and produces the most extensive inundation. Under 

these conditions, floodwaters expand across the broader lowland zone, with increased flood 

depths and longer duration inundation relative to smaller, more confined catchments. 

Localised ponding is more likely where flow is constrained at crossings or where overbank 

flow becomes distributed across low-relief terrain. 

Elevated coastal water levels (HAT, HAT + SS and HAT + SLR50) increase tailwater control 

near the outlet and reduce drainage efficiency in the downstream zone. While flow propagation 

during peak rainfall remains predominantly rainfall-driven and seaward-directed, elevated 

coastal stages increase flood persistence and flood depth near the mouth, and can exacerbate 

flooding in low-lying areas where drainage is already constrained. When storm surge is 

included (Scenario G2), coastal stage effects are amplified further, increasing inundation 

extent and duration near the downstream boundary. 

Overall, El Carrizal is characterised by mixed flood behaviour, combining rainfall-driven 

overbank flooding and lowland spreading during large inflows, with secondary amplification 

from elevated coastal stages near the outlet. This combination increases sensitivity to 

compound conditions and highlights the importance of representing both rainfall severity and 

downstream stage in defining impact-based trigger thresholds. 
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4.4 Brazo El Zapote  

The following scenario maps present simulated flood extent and maximum water depth for a 

range of rainfall and coastal water level combinations (Scenarios AïG) at Brazo El Zapote. 

 

Scenario  A ï Base Rainfall + No n-extreme  Tide 

This scenario represents baseline rainfall conditions combined with a non-extreme coastal tide 

and provides a reference case for isolating rainfall-driven flooding behaviour without significant 

coastal backwater influence (Figure 4-26). 

 

 

Figure 4-26: Simulated flood extent and maximum depth for Scenario A at Brazo El Zapote. Inundation is largely 
confined to the channel corridor with localised ponding in low-lying downstream areas.  
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Scenario  A2 ï Base Rainfall +  HAT + SLR50 

This scenario isolates the effect of elevated coastal water levels under baseline rainfall 

conditions, illustrating the sensitivity of the lower channel and outlet area to tailwater control 

and reduced drainage efficiency (Figure 4-27). 

 

 

Figure 4-27: Scenario A2 at Brazo El Zapote showing elevated coastal stage effects near the outlet, expanding 
shallow inundation across low-relief coastal zones relative to Scenario A. 

 

Scenario  B ï Amanda Rainfall + HAT  

This scenario represents a severe but plausible tropical storm event. Increased inflow 

magnitudes result in more frequent channel overtopping, particularly at constrictions, road 

crossings, and bridge approaches (Figure 4-28). 

 



PIP Oriente Salvaje ï Flood Modelling 
 

58 
 

 

Figure 4-28: Scenario B at Brazo El Zapote showing increased overbank flooding and lateral floodplain 
expansion under severe inflow conditions, with shallow inundation affecting low-lying coastal areas and access 

routes. 

 

Scenario  D ï Amanda Rainfall + HAT + SLR50  

This compound scenario highlights the combined effect of severe rainfall and elevated coastal 

stage, producing deeper inundation near the outlet and extending flood impacts further 

upstream (Figure 4-29). 

 

Figure 4-29: Scenario D at Brazo El Zapote illustrating compound rainfallïtailwater effects that deepen and 
prolong inundation in downstream low-relief areas relative to Scenario B. 

 
















































