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1 Introduction  

Surf breaks are central to coastal economies in many parts of the world (e.g. Mach and 

Ponting, 2021; McGregor and Wills, 2016, 2017). In recent times, the country of El Salvador 

has made a concerted effort to promote surf tourism (OôBrien, 2025), acknowledging that there 

is a wealth of surfing resources and that there is growing demand in surf tourism. 

Oriente Salvaje (ñthe Wild Eastò) in El Salvador is located in the districts of Jucuarán and 

Chirilagua, in the remote region of Usulután (Figure 1.1). Within the districts are two 

internationally renowned surf breaks: Las Flores and Punta Mango. The presence of these 

surf breaks contributed to the Oriente Salvaje becoming a World Surfing Reserve (WSR) in 

2024. The process for WSR designation recognises ecological and economic value, in 

partnership with local communities and organisations. Surf tourism provides livelihoods for 

residents through hospitality, guiding, lessons and associated services. 

 

 

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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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, water 

quality issues and damage to infrastructure. These disruptions can result in a loss of income 

to the local community. 

Save The Waves has partnered with WTW (Willis Towers Watson) to develop an innovative 

Parametric Insurance (PI) product tailored to address a loss of income associated with a surf-

based economy. Parametric insurance targets the occurrence of a specific event or condition 

by paying a set amount based on a measurable parameter (the trigger), rather than 

indemnifying an assessed loss. Oriente Salvaje is being used as a pilot case to develop a 

proof-of-concept for surf-focused parametric coverage. WTWôs role is to design the insurance 

instrument. To design the insurance instrument, a risk assessment, historical impact analysis, 

and quantitative, environmental parameter-based trigger values are required. 

eCoast has been engaged to develop the environmental prerequisites required to develop the 

PI product. This task has been split into two phases. Phase 1, which is embodied in this report, 

is focused on dataset collation and characterisation of metocean conditions (precipitation, 

winds, pressure, etc.), initial analysis of datasets, and characterisation of the surfing resources 

of Las Flores and Punta Mango. Phase 2 will focus on the post-processing of compiled 

datasets to provide metrics from which trigger values may be established. 
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2 Environmental Setting  

Oriente Salvaje is located on the southeastern Pacific Ocean coast of El Salvador. El Salvador 

is located in the volcano chain resulting from the subduction of the Cocos Plate beneath the 

Caribbean Plate. The resulting landscape is characterised by outcropping of volcanic rocks.  

The districts of Jucuarán and Chirilagua occupy areas of ~206 km2 and ~213 km2, 

respectively. The coastline is characterised by open sandy beaches and pocket beaches 

delineated by rocky headlands with short cliff sections. There is a mix of large and small rivers 

that discharge into the Pacific Ocean. These streams and rivers flow from the coastal range. 

The hinterland of the coast rises steeply, just a few kilometres inland, and elevations reach 

500ï700 meters in the Jucuarán mountain range (Sierra de Jucuarán). This topography forms 

a narrow coastal plain, and the watersheds are short and steep. The catchments exhibit 

deforestation, which plays a key role in the generation of flash floods (Fernandez-Lavado et 

al., 2007). 

The climate is tropical monsoonal, influenced by the Intertropical Convergence Zone (ITCZ), 

generally hot and humid year-round, with a pronounced rainy season. The dry season 

generally spans November through April, during which time rainfall is low and landscapes dry 

out (hence ñtropical dry forestò biome). The wet season is generally from May through October 

and brings the vast majority of the annual rainfall. A phenomenon called the Central American 

ñmid-summer droughtò (can²cula) causes a dip in rainfall in July/August between peaks in May-

June and Sep-Oct (Becker et al., 2013). 

El Salvador lies on the Pacific hurricane (cyclone) track. Eastern Pacific and Caribbean 

tropical storms and hurricanes can result in torrential rains from systems passing nearby. 

Smaller-scale tropical depressions can develop in the Gulf of Fonseca or near the coast, 

delivering heavy localised rain. Apart from cyclones, intense monsoonal thunderstorms are 

common in the afternoons/evenings of the wet season. Caribbean hurricanes tend to weaken 

over Central America before reaching the Pacific, but their moisture can still contribute to 

Pacific rainfall (Khouakhi et al., 2017). 

Figure 2.1 presents predicted tides at 13.10°N, -88.10°E, 8 km south of Chirilagua. The record 

is 19 years long to encompass the moonôs nodal cycle, and to find the minimum and maximum 

predicted tides, which provide the offset between Lowest Astronomical Tide (LAT) and Mean 

Sea Level (MSL). These values are combined with other tidal datum, calculated from the 

primary tidal constituents (M2 and S2), and shown in Table 2.1. MHWS is 2.16 m above LAT 

and 1.59 m above MSL. Tides in El Salvador are mixed semi-diurnal. 
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Figure 2.1: LAT: Predicted tides from 13.10°N, -88.10°E with tidal datum reference lines. Lowest Astronomical 
Tide; MLWS: Mean Low Water Spring; MLWN: Mean Low Water Neap; MSL: Mean Sea Level; MHWN: Mean 
High Water Neap; MHWS: Mean High Water Spring; HAT: Lowest Astronomical Tide. Top panel is the full 18.6 

year astronomical cycle. Bottom shows 30 days centred on HAT (highest astronomical tide). 

 

Table 2.1: 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 

 

Figure 2.2 presents a wind rose of ERA5 data between 2011 and 2025 from 13.15°N / -

88.10°E. The dominant modes are the dry-season northeasterly and the wet-season south-

westerly. 
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Figure 2.2: Wind rose for ERA5 data between 2011 and 2025 from 13.15°N / -88.10°E. 

 

Figure 2.3 through Figure 2.6 present ECMWF ERA5 wave climate statistics extracted 13°N / 

-88°E, 22 km to the southeast of Las Flores. The length of the time series spans January 1940 

through to July 2025. Appendix A provides monthly wave roses for the wave climate. Seasonal 

variation is evident in Figure 2.3, Figure 2.4 and Appendix A, with larger wave heights and 

periods through the boreal summer, driven by austral winter, Southern Ocean low-pressure 

systems generating waves that propagate throughout the Pacific Ocean. 

The mean wave height, period and direction of the full wave climate are 1.06 m, 9.07 s, and 

201.11°, respectively. The mean wave height, period and direction of the swell component are 

1.03 m, 9.42 s, and 202.22°, respectively. The mean periods, along with Figure 2.6 show that 

swell waves are very dominant in the overall wave climate. There is a marginally more westerly 

mean direction for swell waves. Maximum wave heights for wind, swell, and fully developed 

sea are 2.78 m, 2.71 m, and 2.95 m, indicating that short-period waves (wind waves) can 

become very large at times. Most of the largest waves have a direction between 195° and 

225° at this offshore location. 

At a large scale, the Costa Rica Coastal Current is directed from southeast to northwest along 

the Pacific coast. Beyond this generic hydrodynamic regime, there is no evidence of published 

work pertaining to coastal processes for the region of Usulután, nor much of El Salvador. 

The south-westerly winds and waves very likely drive a net west-to-east sediment transport 

system throughout Oriente Salvaje. However, the orientation of the beaches appear in 

equilibrium, indicating the potential for seasonal reversals. To the west of Oriente Salvaje is a 

succession of tidally dominated estuaries with large ebb tidal deltas extending offshore. 

Approximately 70 km to the west, the more riverine-dominated Rio Lempa meets the Pacific. 
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Many of the satellite images of the mouth of the Rio Lempa show sediment-laden discharges 

around a smaller ebb-tidal delta. These riverine/estuarine systems are likely providing 

unconsolidated material to the Oriente Salvaje coastline. 

 

 

Figure 2.3: Time series of wave climate between 1940 and 2025. 

 

 

Figure 2.4: Weekly maximums of wave height (top) and period (bottom) between 1940 and 2025 
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Figure 2.5: Wave roses for Significant Wave Height (SWH; left) and Mean Wave Period (MWP; right). 

 

 

Figure 2.6: Scatter plots comparing wave height, period and direction for the full wave climate (black), swell 
(orange) and wind waves (blue). 
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Ecological characteristics of Oriente Salvaje are described in the application to become a 

World Surfing Reserve. Key takeaways from the WSR application are that there are protected 

terrestrial areas along the coast, with extensive areas that have dense, dry tropical forest 

cover, have no access roads and are uninhabited. The Oriente Salvajeôs terrestrial area was 

declared a Key Biodiversity Area in 2007 for the regionôs contribution to the persistence of 

biodiversity. There are rare, threatened, and critically endangered terrestrial species, and 

marine fauna includes the critically endangered leatherback and hawksbill sea turtles, 

endangered humpback whales, and threatened soft coral formations. El Salvador coral 

communities are limited, and much of the coast is made up of sandy beaches or muddy 

estuaries (Cortés, 2007 and references therein). 

The western extent of the WSR is delimited by Estero (Estuary) Espino, and east of Las Flores, 

but outside the Oriente Salvaje WSR, is the wetland of Area Natural Protegida Manglar El 

Icacal. Both tidally exposed areas host mangroves. Between the wetlands, the Oriente Salyaje 

coastline hosts several intertidal rocky reefs and boulder complexes. The WSR application 

states that the area hosts two rocky reefs with soft coral formations, citing Segovia-Prado 

(2012), but no evidence in a literature review confirms their presence. Related work (Segovia 

de González et al., 2021) indicates extensive subtidal rocky reef substrate of the coast of 

Usulután between 3 and 15 m water depth, with 3 different gorgonians (soft coral) identified 

(Leptogorgia cuspidata, L. rigida and L. alba). 
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3 Literature and Data Review  

This section of the report describes a range of published and freely available information and 

datasets, along with other information pertinent to developing a PI product. 

 

3.1 Environmental Parametric Insurance Products  

Parametric insurance (also known as index-based insurance) is a risk transfer mechanism 

wherein payouts are triggered by a predefined parameter or index that is correlated with 

losses, rather than by actual loss assessments. This approach offers several advantages in 

the context of climate and natural disaster risks: payouts can be made rapidly (often within 

days) since no lengthy damage survey is needed, and coverage can be provided for risks that 

are hard to insure traditionally. A key risk is that a policyholder suffers losses even though the 

index did not trigger, or vice versa. Setting appropriate trigger thresholds is therefore crucial 

for the effective implementation of the PI product. 

In recent years, parametric insurance has gained attention as a tool for building climate 

resilience. In developing the PI product, some guidance and ideas can be taken from already 

established products. 

The worldôs first coral reef insurance in Quintana Roo, Mexico, provides funds for reef 

restoration if a hurricane of a certain wind speed strikes the area. The payout structure is:  

¶ 100ï129 knots: 40% of the maximum payout. 

¶ 130ï159 knots: 80% of the maximum payout. 

¶ 160 knots or more: 100% of the maximum payout. 

The policy triggered a payout of USD $850,000 after Hurricane Delta in 2020, enabling rapid 

deployment of teams to repair the damaged reef.  

A hotel in Florida purchased a hurricane parametric cover that pays a percentage of a $10 

million limit, which is based on storm category: e.g. 50% payout for a Category 4 hurricane 

within a 30-mile radius. During the policy term, a Cat-4 hurricane would have yielded a $5 

million payout, illustrating how back testing of the index (hurricane category & proximity) gave 

the client confidence in coverage. 

A large construction firm in the U.S. obtained a parametric policy against extreme heat that 

would pay out if temperatures exceeded certain thresholds for prolonged periods. This use 

highlights that any measurable peril from rainfall to earthquake intensity can form the basis of 

a cover, so long as reliable data and verification are available.  
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In the South Pacific, some island nations and insurers have explored parametric triggers for 

coastal flooding tied to storm surge or wave conditions. New solutions integrate Earth 

observation: a recently launched product uses satellite imagery and AI to recognise flood 

extents and trigger payouts for coastal communities when flood waters are detected in certain 

zones. Similarly, Floodbase (formerly Cloud to Street) has developed algorithms to map floods 

from their spectral signature in real-time, enabling parametric flood insurance even in data-

sparse regions. 

Parametric insurance has important limitations to acknowledge. Because payout is binary or 

formulaic based on the index, a community could experience a near-miss event that causes 

substantial damage but fails to breach the trigger threshold, resulting in no payout even though 

the impacts of the event were significant. Conversely, the PI product may pay out for a 

triggered event that causes minimal harm. Additionally, as climate change modifies the 

occurrence and/or intensity of extreme events, parametric products may face sustainability 

challenges if triggers are hit too often and may require recalibration. These issues underscore 

the need for robust risk analysis and stakeholder input in designing the index. 

 

3.2 Environmental Hazards and Extreme Events  

Understanding the hazard profile is essential for designing the insurance trigger and for 

contextualising the risk. El Salvador is exposed to hurricanes/storms, and the associated 

intense rainfall, as well as earthquakes, tsunamis, and coastal hazards in the form of storm 

surge and erosion. 

Not every storm in the Central American region will influence rainfall, wind speeds and 

atmospheric pressure in the area of interest. Dominguez and Magaña (2018) determined that 

Tropical Cyclones across tropical and subtropical North America can result in intense 

precipitation if the centre of the storm is less than 500 km away from an area of interest. Figure 

3.1 presents all available storm tracks within a 500 km radius from Oriente Salyaje, and 

includes 159 storms from 1864 through to 2024. The bulk of storms in the nearfield (crossing 

El Salvador) are tropical depressions or tropical storms, some having downgraded from 

Category 1 hurricanes. Appendix B contains a summary of these storms with key statistics.  

Short, intense rain events can lead to flash floods in small watersheds. Unlike larger river 

systems, where flooding can build over days, the response can be within hours of heavy rain 

with water, mud, and debris funnelling down ravines, onto roads, into villages, and across 

beaches. These floods can damage bridges, culverts, and any structures near the stream 

channels.  
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Figure 3.1: All available storm tracks crossing a 500 km radius from Oriente Salvaje between 1864 and 2024 
(Knapp et al., 2010; Gahtan et al., 2024). 

 

Local media and stakeholder reports were collated to assist in developing the hazard profile 

for Oriente Salvaje. Much of this evidence is anecdotal in nature, including depictions 

describing prolonged access disruptions. There are some photographs and videos of flooding. 

Local partners in Oriente Salyaje indicated that localised storms (not officially named) have 

been some of the most impactful events (STW, pers. comm., 2025). 

Beyond rainfall alone, compound flooding is a concern: a heavy rain event coincident with high 

tide and/or storm surge can greatly worsen coastal inundation. Storm surge is the combination 

of setup from strong winds and elevated water levels associated with low-pressure systems, 

which are synonymous with heavy rainfall/storm events. In the absence of rain, storm surge 

can result in coastal inundation and contribute to coastal erosion, removing unconsolidated 

material and exposing local infrastructure to extreme events. In Oriente Salvaje, the coastal 

topography is such that large wave events can flood the immediate foreshore. Anecdotally, 

hospitality providers at Las Flores have seen waves penetrate into their property during 

extreme events. 

Steep slopes and heavy rain can result in landslides. In June 2024, there were several 

fatalities associated with landslides triggered by heavy rain across El Salvador. A landslide 
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could cut off the access roads or even structures if it occurs near settlements. While landslides 

are not a direct trigger for insurance (It is not easily parametrised), it is a consequence of 

extreme rainfall that contributes to economic loss. Therefore, the parametric trigger (rainfall 

threshold) may indirectly cover landslide impacts, as well by paying out when rainfall is high 

enough to cause them. 

An internet-based search for scientific studies on El Salvadorôs coastal hazards (e.g., 

academic papers on flood risk or climate impacts) yielded few publications with a focus on the 

AOI. Broader Central American hazard studies consistently highlight similar trends: increasing 

extreme precipitation, greater tropical cyclone intensity, and rising sea levels, all contributing 

to a more hazardous future. 

Table 3.1 presents a timeline of notable hazardous and extreme events with short descriptions 

and includes local stakeholder inputs, as well as some of the storms summarised in Appendix 

B. Each entry is colour-coded to indicate the certainty of the event having an impact on 

Usulután. The storm events are named based on the maximum Saffir-Simpson scale rating, 

noting that by the time storm systems reach and impact El Salvador, the Saffir-Simpson scale 

rating is lower. Dates for the event are estimates of when the storm impacted El Salvador. 

The primary hazard across all events described in the information available is extreme rainfall, 

producing flash flooding and landslides. When rain coincides with high tide or large swell, 

compound flooding and beach/foreshore inundation occur. Wind is a secondary hazard of 

direct damage locally (in terms of mentions in the descriptions). The heaviest documented 

loss events (e.g., 12-E 2011; Amanda/Cristóbal 2020; Eta/Iota 2020; Julia 2022; Alberto 2024) 

were rain/flood dominated with widespread impacts in Usulután/La Unión. 

Recent, local evidence of coastal inundation is evidenced for Las Flores (wave 

overtopping/ñking tideò event on 28 Apr 2025 with photo documentation; minor overtopping in 

Jun 2023). Creek-borne sediment surges onto the beach show how runoff mobilizes material 

in discharges in to the surf zone. Most events occur between May and November, consistent 

with ITCZ activity, early/late-season tropical storms, and mid-season easterly wave surges. 

Out-of-season events are rare (e.g., TS Chris in Jan 2024).  
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Table 3.1: Catalogue of extreme events reportedly affecting the AOI. Colour coding indicates confidence/reliability of evidence. Green = High. Yellow = Moderate. Red = Low. 

Date 

(dd/mm/yyyy)  

Event Type 
(max)  

Source  Description  

16/9/1993 
Hurricane Gert 

(Cat 2) 
Wikipedia 

Strong winds; 390 mm of rain; landslides; flooding; infrastructure damage; 
fatalities. Impact in Usulután 

29/10/1998 
Tropical Storm 

Mitch 

Wikipedia; Fernandez-Lavado 

et al., 2007 

Web Archive 

Heavy rain; flooding; landslide; damaged infrastructure; fatalities 

Río Grande de San Miguel breached 

The worst impact was on the countryôs eastern region. 

San Miguel, La Unión, Usulután and La Paz 

100 mm/hour 

12/9/2000 Local Storm 
News archives / municipal records 

(archival) 
Heavy rains, flooding (local event); Yellow/Green Alert across various 

municipalities 

17/5/2005 
Hurricane Adrian 

(Cat 1) 
Wikipedia 

Heavy rainfall, flash floods, and landslidesðespecially along coastal areas of 
Usulután. Road damage, fallen trees, fatalities. 

3/10/2005 
Hurricane Stan 

(Cat 1) 
OCHA / NASA / ReliefWeb 

Heavy rain, flooding and landslides; Evacuations; Fatalities. Impact in 
Usulután 

7/11/2009 

Hurricane Ida 
(Cat 2) and/or a 
Separate low-

pressure system 

Wikipedia 1 / Wikipedia 2  UN 
CERF / OCHA 

Local Stakeholder Report 

Extreme rainfall, flooding and landslides; National emergency / State of 
Emergency; fatalities; infrastructure damage. 

Impacted Usulután 

Due to multi-day rainfall, the bridge on the road to El Cuco was damaged 

12/10/2011 
Tropical 

Depression 12-E 
Dirección General de Protección 

Civil / SNET 

Extreme rainfall, flooding and landslides; 305 mm in 24 hours in Guatemala. 
21 rivers burst their banks in El Salvador. Landslides inflicted damage to 

roads. Fatalities. Emergency / Evacuations in multiple municipalities. Impact 
on Usulután. 

 

https://en.wikipedia.org/wiki/Hurricane_Gert
https://web.archive.org/web/20051026083640/http:/www.iadb.org/regions/re2/consultative_group/backgrounder4.htm
https://en.wikipedia.org/wiki/Hurricane_Ida_(2009)
https://en.wikipedia.org/wiki/2009_El_Salvador_floods_and_mudslides
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2/6/2014 
Pacific low-

pressure / ITCZ 
influence 

Protección Civil / La Prensa 
Gráfica 

Increased rain 

3/5/2015 Storm Surge ReliefWeb 
Waves exceeding two metres above sea level. Evacuations. Missing 

persons. Infrastructure damage. Impact on Usulután. 

31/5/2020 
Tropical Storm 

Amanda 

IRFC, 2021. 

NOAA NHC, 2020. 

ReliefWeb / NHC / Protección Civil 

WorldData, 2025 

ReliefWeb 

Heavy rains, flooding, landslides, fatalities, destroyed roads, electrical lines, 
and nearly 30,000 homes without a direct hit. 40 to 70 km/h winds. State of 

Emergency / Evacuation in Eastern departments. Rainfall up to 576.7 mm at 
Volcán Conchagua, other stations 519 mm, with local higher accumulations. 

1/06/2020 
Tropical Storm 

Cristobal 

ReliefWeb 

WorldData, 2025 

Heavy rain; fatalities. Max wind speeds of 93 km/h; air pressure below 
982 mbar. Combined rainfall of Amanda and Cristobal was 1087.1 mm. 

Impact on Usulután. 

1/09/2020 
Hurricane Nana 

(Cat 1) 
WorldData, 2025 

Max wind speeds of 120 km/h, air pressure below 994 mbar. Affected 
Santa Ana 

7/11/2020 
Hurricane Eta 

(Cat 4) 

WorldData, 2025 

National Hurricane Center 

ReliefWeb 

Heavy rainfall. Impact on La Unión. Power outages. Evacuation; flooding; 
landslides. Fatality in the Usulután. Ma speed: max of 241 km/h; air pressure 

below 922 mbar 

17/10/2020 
Hurricane Iota 

(Cat 4) 

Wikipedia 

WorldData, 2025 

Guardian 

National Hurricane Centre 

Heavy rain, flooding, landslides, fatalities. Storm surge of at least 8 m 
Haulover, Nicaragua (Caribbean Coast). Affected regions: La Unión; San 
Miguel; Cuscatlán. Max wind speeds of 241 km/h; air pressure below 917 

mbar; National Red Alert 

2/9/2022 Storm Presidency / Protección Civil 
Intense rain, floods and landslides; Red / Orange alert level; Evacuations and 

suspension of some activities reported. 

10/10/2022 
Hurricane Julia 

(Cat 1) 

WorldData, 2025 

ReliefWeb 

Coastal Impacts: blocked roads; landslides; flooding; rivers breaching; 
fatalities; evacuations. Affected regions: La Unión; San Miguel; Usulután; La 
Libertad; Sonsonate; Ahuachapán. Maximum wind speed of 139 km/h; air 

pressure below 982 mbar. 

June 2023 Wave Event Local Stakeholder Report 
Large swell (8-10 ft) combined with high tide, minor flooding of the beach 

restaurant at Las Flores 

https://reliefweb.int/report/el-salvador/el-salvador-storm-surge-mdrsv008-emergency-plan-action-epoa-final-report
https://reliefweb.int/report/el-salvador/impact-snapshot-tropical-storm-amanda-and-tropical-storm-cristobal-8-june-2020
https://reliefweb.int/report/el-salvador/impact-snapshot-tropical-storm-amanda-and-tropical-storm-cristobal-8-june-2020
https://www.nhc.noaa.gov/data/tcr/AL292020_Eta.pdf
https://reliefweb.int/report/honduras/central-america-tropical-storm-eta-situation-report-no-1-500pm-est-6-november-2020
https://en.wikipedia.org/wiki/Hurricane_Iota
https://www.theguardian.com/world/2020/nov/16/hurricane-iota-latest-path-category-4-storm-central-america
https://www.nhc.noaa.gov/data/tcr/AL312020_Iota.pdf
https://reliefweb.int/report/el-salvador/el-salvador-tropical-storm-julia-dref-operation-no-mdrsv015-final-report
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28/10/2023 
Tropical Storm 

Pilar 

WorldData, 2025 

National Hurricane Centre 

Heavy rain; flooding; fatalities 

Affected regions: La Libertad; Sonsonate 

Max wind speed 102 km/h; air pressure below 995 mbar. 

16/06/2024 
Tropical Storm 

Alberto 

WorldData, 2025 

Local Stakeholder Report and 
Video 

ReliefWeb 

Americares 

ChildFund Alliance 

Heavy rain 832.6 mm in the eastern zone; fatalities; blocking roads; flooding. 
Nationwide Red Alert / State of National Emergency. Max wind speed 56 
km/h; air pressure below 993 mbar. Impacted Usulután. Urban flooding at 

Agua Fris near Punta Mango. Local infrastructure damage.Figure 3.2 

5/7/2024 
Intense afternoon 

storm 
Local Stakeholder Report and 

Video 

An acute torrent of mud and water swept through the village of Carrizal at the 
construction site of a new road between Las Flores and Punta Mango. 

30/01/2024 
Tropical Storm 

Chris 
WorldData, 2025 

Affected regions: La Unión; Morazán; Santa Ana 
Wind speed: max. 56 km/h 

Air pressure: below 1005 mbar 

19/10/2024 
Tropical Storm 

Nadine 
WorldData, 2025 

Affected regions: La Unión; Santa Ana 
Wind speed: max. 83 km/h 

Air pressure: below 926 mbar 

18/11/2024 Unknown 
Local Stakeholder Report and 

Video 

Flood waters and heavily sedimented discharge onto the beach at Las 
Flores. 

28/4/2025 Coastal Hazard 
Local Stakeholder Report and 

Video 
ñKing Tideò and large wave conditions. Figure 3.2 

25/5/2025 Storm MARN, 2025 
Very strong winds and swell caused coastal flooding in La Libertad (central El 

Salvador coast), with waves reportedly overtopping sea walls. 

8/06/2025 
Hurricane 

Barbara (Cat 1) 
WorldData, 2025 

Affected regions: Sonsonate 
Wind speed: max. 46 km/h 

Air pressure: below 991 mbar 

20/6/2025 
Hurricane Erick 

(Cat 4) 
Dirección General de Protección 

Civil 
Alert downgraded to Green after Hurricane Erick stopped influencing the 

country. 

https://www.nhc.noaa.gov/data/tcr/EP192023_Pilar.pdf
https://reliefweb.int/report/mexico/central-america-tropical-storm-alberto-update-noaa-gdacs-media-echo-daily-flash-24-june-2024
https://www.americares.org/crisis-alerts/el-salvador-severe-weather-and-flooding/
https://childfundalliance.org/wp-content/uploads/2024/07/EDUCO_Emergency-Response-Plan_El-Salvador.pdf


                                                                                          PIP Oriente Salvaje 

16 
 

16/6/2025 
ITCZ, low 
pressure & 

tropical wave 

Dirección General de Protección 
Civil 

Heavy rain. National Yellow alert. 

17/6/2025 Unknown 
Dirección General de Protección 

Civil 
Flooding and fallen trees affected road access. Yellow alert level in San 

Salvador 

23/06/2025 
Tropical 

Depression 
Flossie 

WorldData, 2025 
Affected regions: Usulután; La Libertad; Sonsonate; Ahuachapán 

Wind speed: max. 56 km/h 
Air pressure: below 962 mbar 

 

    

Figure 3.2: Coastal inundation at Las Flores on 28/4/2025 associated with large tides and wave climate (left images) and flooding at Agua Fria near Punta Mango and 
infrastructure damage 16/6/2024. Source: Local stakeholders. 
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3.3 Climate Change Projections  

In the IPCC Sixth Assessment Report (Working Group II), El Salvador lies in the Central 

America region, for which several robust climate change signals have been identified. Figure 

3.3 through Figure 3.5 present Adaptation Goals, Key Risks, and Observed and Projected 

Hazards relevant to the Central America Region. According to the information presented in 

Figure 3.3 through Figure 3.5: 

¶ El Salvador has no adaptation goals in any of the categories.  

¶ Mean temperature and extreme heat will increase, and cold spells and frost will 

decrease (high confidence). The mean temperature change through to 2100 will be 

more than 3°C. 

¶ Risk of food insecurity due to frequent/extreme drought (medium confidence). 

¶ Risk to life and infrastructure due to floods and landslides (medium confidence). 

¶ Risk of water insecurity (high confidence). 

¶ Risk of severe health effects (high confidence). 

¶ Systemic risks of surpassing the infrastructure and public service system (medium 

confidence). 

¶ Risk to coral reef ecosystems due to coral bleaching (high confidence). 

¶ Risk to coastal socio-ecological system due to SLR, storm surges and coastal erosion 

(medium confidence). Sea level will increase (high confidence). 

¶ Drought, dryness and aridity may increase or decrease (low confidence). 

 

 

Figure 3.3 Adaptation goals identified for ocean and coastal systems across countries in Central and South 
America (Ranasinghe et al., 2021). 
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Figure 3.4 Key risks by subregion in Central and South America. This schematic identifies regionally relevant 
risks across subregions (e.g. Central America, South America) with icons and temperature change projections 

under scenario SSP2-4.5 (Ranasinghe et al., 2021). 

 

 

Figure 3.5 Observed and projected hazards in Central and South America. This figure shows trends in key 
climate hazards (Ranasinghe et al., 2021). 
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Key projected changes relevant to this study include: 

¶ Precipitation Patterns : Annual mean rainfall changes are uncertain for this region, 

but extreme precipitation events are likely to intensify. Heavy rain events will likely 

increase in frequency under both 2°C and 4°C global warming levels. Some studies 

project a decrease in the magnitude of the most extreme rain events in parts of Central 

America, meaning the single worst events might have less rain, but almost all agree 

that heavy rains will occur more often. There is a projected increase in consecutive dry 

days and more intense droughts in the longer dry season (especially in the western 

part of Central America), but near the study area, the mid-summer drought 

phenomenon may become more pronounced by the centuryôs end. High confidence 

projections show a broader second peak of rain later in the wet season and a slightly 

longer midsummer dry period by 2100. 

¶ Tropical Cyclones : Climate models indicate a likely decrease in the frequency of 

tropical cyclones in the North Atlantic and Eastern Pacific, but an increase in intensity 

of cyclones (high confidence). There is observational evidence that tropical cyclones 

in the Atlantic have already shown faster intensification rates than before, hinting at 

more sudden, powerful storms. While Pacific trends are a bit less certain, warmer 

ocean temperatures generally boost storm potential intensity. 

¶ Sea Level Rise (SLR):  Central America is projected to experience rates near or 

slightly above the global average for SLR. According to the World Bank Group (2025), 

it is expected that 10ï28% of El Salvadorôs coastal zone territory will be lost by the end 

of the century, and since 1950, SLR of 78 mm has been observed. Based on NASAôs 

Sea Level Projection Tool, the total sea level rise at La Unión, located ~50 km east of 

the Oriente Salvaje, is projected to reach about 0.71 m by 2100 under the SSP3-7.0 

scenario. This projection incorporates global mean SLR as well as regional factors like 

ocean dynamics and vertical land motion. Under moderate emissions (e.g. SSP2-4.5), 

the projected SLR remains significant, ~0.5ï0.6 m. Given the proximity and similar 

coastal characteristics, La Unión serves as a reasonable proxy for the AOI. Relative 

SLR will amplify future storm surge and high tide impacts by elevating the baseline 

water level. For example, a moderate storm in 2050 may cause flooding similar to what 

only extreme storms do today. Over time, SLR also increases the risk of chronic 

erosion and ecosystem loss, such as mangroves that cannot migrate inland. These 

projections are crucial for anticipating future coastal hazards and setting appropriate 

design or trigger thresholds. 
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Figure 3.6 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. 

 

¶ Wave Climate:  There are no direct projections for changes to the wave climate for the 

Pacific coast of Central America. Significant wave heights are projected to increase 

across the Southern Ocean and tropical eastern Pacific (high confidence), and 

enhanced wind speeds will likely cause an increase in annual mean significant wave 

heights. Swell generated in the Southern Ocean may also affect wave heights, periods 

and directions in adjacent ocean basins. Reviews of global and regional scale wind-

wave climate projection studies indicate an increase in significant wave height over the 

Southern Ocean and tropical eastern Pacific (high confidence). The projection of more 

intense tropical cyclones will very likely result in larger wave heights during specific 

events (Collins et al., 2019). 

¶ Wind : The projection of more intense tropical cyclones will result in stronger event-

specific winds.  

 

3.4 Aerial and Satellite Data 

High-resolution aerial and satellite imagery is a valuable tool for both establishing baseline 

conditions and detecting and characterising past extreme events. Freely available imagery for 

the AOI is available from the following sources: 

https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool?psmsl_id=558&data_layer=scenario
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¶ Google Earth : Provides historical, relatively high-resolution colour imagery between 

1970 and 2024. The horizontal accuracy of georeferencing of Google Earth imagery 

can be in the order of 10s of metres. Detailed analysis would require processing of the 

images to increase spatial accuracy. The colour images may provide an evaluation of 

land use change and potentially times when rivers are discharging heavy sediment 

loads to the coastal environment. 

¶ Sentinel -2: Provides frequent (~5 days), 10 m resolution images from June 2015 to 

the present day. These data may be suitable for detecting flooding and water quality 

changes, and land cover change. 

¶ Landsat: Provides images from July 1972 with spatial resolutions of 15 m (Landsat 8 

and 9), 30 m (Landsat 4-7) and 80 m (Landsat 1-3). The satellites operate on a 16-day 

repeat cycle. These data may be suitable for detecting land cover change and may 

detect flooding and water quality changes. 

Combining Landsat 8/9 with Sentinel-2 images could result in a revisit period of 2.7 days. 

Heavy cloud cover or poor clarity due to brightness will limit the use of some satellite images. 

At a finer scale, the resolution of these images will restrict the detection of some phenomena, 

such as surfing conditions, or if infrastructure has been damaged. The temporal resolution 

may be sufficient to characterise some events. Usage of satellite imagery will be contingent 

on the coincidence of capture and extreme event dates.  

The European Space Agency (ESA) Climate Change Initiative (CCI) provide global maps 

between 1992 and 2022, describing the land surface into 22 classes using the United Nations 

Land Cover Classification System (LCCS). These data can be used to see how land use may 

have changed in the AOI. 

 

3.5 Digital Elevation Data  

Digital elevation data is critical to characterising the AOI and understanding a range of physical 

phenomena. Subaerial data, or topography, and submarine data, or bathymetry, are combined 

to build a Digital Elevation Model (DEM). The DEM is used to consider the AOIôs catchments 

and fluvial flooding of vulnerable low-lying areas, steep terrain susceptible to landslides, 

coastal processes, including the role of storm surge and inundation, and in a preliminary 

characterisation of surf breaks by identifying bathymetric features shaping nearshore wave 

behaviour. 

Freely available datasets include: 
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¶ Shuttle Radar Topography Mission (SRTM): Provides 30 m horizontal resolution 

topographic DEM with a vertical accuracy on the order of ±5ï10 m. 

¶ Nautical Charts: Globally available in coastal regions. Charts are often based on 

historical datasets where the age and accuracy of source data can be questionable. 

Chart data resolution is very limited in the nearshore of the AOI and does not resolve 

the functional components of surf breaks. The chart data will provide a data source to 

determine cross-shore slopes, should wave set-up and wave run-up be required for a 

hazard assessment.  

¶ General Bathymetric Chart of the Oceans (GEBCO): Provides 15-arc second (~500 m 

resolution) global bathymetric data. While relatively coarse, it offers consistent regional 

coverage for offshore areas.  

Figure 3.7 through Figure 3.9 present the DEM datasets. Figure 3.10 presents delineated 

catchments within the Oriente Salyaje World Surfing Reserve, overlaid on topographic relief. 

The catchments were extracted from SRTM 30 m elevation data using flow accumulation and 

pour point methods. Of the nine catchments, Las Flores and Punta Mango have the 2nd and 

4th largest catchments, respectively. Las Flores drains a larger, longer valley (~16 km²) from 

the northeast, while Punta Mango is fed by a smaller, steeper catchment (~11 km²) directly 

landward of the surf break. 

 

 

Figure 3.7: Topography and bathymetry of the Oriente Salvaje area. Elevation on land is from SRTM 30 m DEM 
(green to brown shading), and bathymetry offshore is from GEBCO 2024 (blue/cream shading). 
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Figure 3.8: As Figure 3.7, with a nautical chart overlay. 

 

 

Figure 3.9: Nearshore nautical charts for the Las Flores and Punta Mango coastline, 
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Figure 3.10 Delineated catchments within the Oriente Salvaje World Surfing Reserve, overlaid on topographic 
relief. These catchments were extracted from SRTM 30 m elevation data using flow accumulation and pour point 
methods. Las Flores drains a larger valley (~16 km²) while Punta Mango is fed by a smaller, steeper catchment 

(~11 km²). 

 

3.6 Global Metocean Datasets  

Global, long-term, hindcast metocean datasets allow for a detailed analysis of environmental 

parameters and the calculation of extreme values and recurrence intervals. These datasets 

can also be used to back-test triggering scenarios. The key datasets under consideration for 

this project are: 

¶ ERA5 Reanalysis: This fifth-generation global atmospheric reanalysis is produced by 

the European Centre for Medium-Range Weather Forecasts (ECMWF), spanning 

1940-present. It offers hourly data on a ~31 km global grid. Variables relevant to this 

project include, but may not be limited to, wave statistics of sea, wind waves and swell 

(height, period, direction); wind speed and direction at 10 m above ground; surface 

atmospheric pressure; and total precipitation. ERA5 has been shown to accurately 

capture broad climate trends; however, it can underestimate extreme localised rainfall 

due to resolution limits. ERA5 is updated daily with a latency of about 5 days. 

¶ ERA5-Land: A specialty offshoot of ERA5 with finer ~9 km resolution for land surface 

variables. ERA5-Land is used specifically for rainfall, as it can sometimes resolve 

terrain-influenced precipitation more effectively. It runs from 1950 to the present and 

represents the land surface component of ERA5 at higher resolution. For the 

catchment under study, ERA5 and ERA5-Land will be compared to determine which 

aligns more closely with available observations (Muñoz Sabater et al., 2021). ERA5-

Land is updated daily with a latency of about 5 days. 
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¶ NCEP-NCAR Reanalysis II: Provides four daily outputs (0000, 0600, 1200, 1800) of 

wind and atmospheric pressure at ~1.9° horizontal resolution across a range of 

pressure levels. The 6-hour temporal resolution means the data may not resolve or 

fully characterise peak rainfall during an event. The update schedule is 2-3 days, 

offering recent data acquisition. Tightly linked to the reanalysis is NCEPôs Global 

Forecast System (GFS), which has a horizontal resolution of ~28 km. While this is not 

a hindcast, the GFS runs multiple times daily and could be used to anticipate trigger 

events. 

¶ Modern-Era Retrospective analysis for Research and Applications, Version 2 

(MERRA-2): Global atmospheric reanalysis dataset produced by NASAôs Global 

Modelling and Assimilation Office, providing long-term hourly data from 1980 to the 

present, with a spatial resolution of approximately 0.5° latitude by 0.625° longitude 

(~50ï60 km). Parameters include wind speed at multiple pressure levels, pressure, 

and precipitation. MERRA-2 has a latency of 15ï20 days. 

¶ Integrated Multi-satellitE Retrievals for GPM (Global Precipitation Measurement) 

(IMERG): Provides high-resolution (~10 km, 30 min) precipitation estimates from 

2000ïpresent, using data from satellite missions. IMERG is well-suited for detailed 

analysis of specific events due to its sub-daily resolution. There are two near-real-time 

products: the Early Run is available ~4 hours after observation, and the Late Run is 

available ~12 hours after observation. The long-term IMERG record is also a powerful 

dataset for estimating the frequency of threshold events, particularly since it is 

independent of ERA5 (Huffman et al., 2020). 

¶ Climate Hazards Group InfraRed Precipitation with Station (CHIRPS): A global 

precipitation dataset (1981ïpresent) at 0.05° (~5.5 km) resolution that blends satellite 

estimates with station data. CHIRPS leverages both ERA5 and IMERG. It is specifically 

designed for drought monitoring. The highest temporal resolution of the CHIRPS 

dataset is daily, meaning the dataset may not resolve or characterise peak rainfall 

during an event. There are two CHIRPS products: rapid and final. The rapid product is 

a preliminary dataset available 2 days after the end of a pentad (on the 2nd, 7th, 12th, 

17th, 22nd and 27th day of each month). The final products are produced in the third 

week of the following month. These delays mean CHIRPS may not be viable as a real-

time or near-real-time basis for triggering the PI policy. 

¶ International Best Track Archive for Climate Stewardship (IBTrACS): A global 

compilation of tropical storm tracks developed by the World Meteorological 

Organisation (WMO), Regional Specialised Meteorological Centres, and other 
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organisations. The data contains a range of metrics, including Saffir-Simpson rating, 

distance to land, wind speed and wind direction, as well as the track coordinates. 

 

3.7 National Datasets  

Reliable meteorological data from local sources is critical to validate large-scale, long-term 

metocean datasets. There is a scarcity of long-term, high temporal resolution, recorded 

datasets for meteorological variables across El Salvador. Internet searches and local 

assistance have yielded: 

¶ Precipitation data recorded at Jucuarán from El Salvadorôs Ministry of Environment 

and Natural Resources (MARN). The Jucuarán station (Station 121) is located 15ï20 

km west of the AOI. No metadata has been supplied with the dataset. The parameters 

of the dataset are unknown. There is a single measurement for each day. This could 

be a daily mean, maximum or singular measurement over a specific period (e.g. 1 hour 

of accumulation at midday). This data will not resolve sub-daily precipitation patterns, 

and therefore potentially miss extreme values. The data set spans 2013 through 2025 

with some gaps, particularly during 2017 (Figure 3.11). It is unknown if the data is in 

local time or UTC, nor are the units of precipitation supplied, and mm has been 

assumed. 

¶ Wind speed and direction, and atmospheric pressure, were sourced from NOAAôs 

Global Historical Climatology Network-hourly (GHCNh). Datasets for San Miguel, ~30 

km north of Oriente Salvaje, and Ilopango Airport (San Salvador), ~110 km to the 

northeast, have been considered. The records are interrupted, with long periods of no 

data. The record starts in 1984 and continues to the present day. The data is hourly 

when available and integer (no decimal data), wind directions are to the nearest 10°. 

Some of the wind speed values are extreme and will be associated with hurricane 

conditions. Directions are highly variable in time. 

Long-term tide gauge records can be used to consider sea level anomalies, which may be 

related to storm surge during extreme events. The closest, long-term, open coast tide gauge 

is located at Acajutla, ~200 km west of Oriente Salvaje. The record spans from August 2010 

through to the present day. 



                                                                                          PIP Oriente Salvaje 

27 
 

 

Figure 3.11: Daily accumulated precipitation from the Jucuarán station with trend line based on non-zero values. 

 

 

Figure 3.12: Wind speed (top) and direction (bottom) data from San Miguel station. 
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3.8 Surfing Resource Monitoring  

Part of Phase 1 is to characterise the surfing resources of Las Flores and Punta Mango, and 

determine potential impacts on usability before, during or after an extreme event. High-

resolution aerial and satellite imagery provide snapshots of surf conditions, but are often 

limited in frequency. Consistent and frequent lower-resolution satellite images may be used to 

determine parameters such as water quality, but will not resolve wave-breaking patterns, 

which are fundamental to assessing surfing wave quality from this type of data source. 

GPS tracking data has been previously used in characterisation to good effect. These data 

provide first-hand evidence of usage, and are most valuable in mapping out the extent of areas 

being utilised, as well as providing an evidence base of ride length. However, it would not be 

possible to leverage these data to determine if usage of the surfing resources is compromised 

in association with an event, as GPS tracking devices are not ubiquitous across all users, and 

resource use is highly subjective (e.g. not all users enjoy all conditions, not able to surf 

continually). 

Remote camera monitoring has been shown to be very effective in determining wave quality 

metrics (Atkin 2021; Atkin et al., 2022) and in monitoring the number of users in the water. 

There are cameras at Las Flores and Punta Mango which stream images on Surflineôs 

platform. Surfline Coastal Intelligence has the capacity to track the number of users in the 

water, which could be valuable for understanding how an extreme event affects the number 

of resource users. For example, under similar surfable conditions, it would be possible to 

compare the number of people in the water outside of an event window with the number 

before, during and after an extreme event. It is possible that these cameras could be used to 

detect shoreline change. However, consideration needs to be given to the quality and 

accuracy of the equipment installed and the elevation of the device. Surfline Coastal 

Intelligence is a subscription service. 

 

3.9 Physical Dataset Summary  

Figure 3.13 presents the spatial distribution of the geophysical datasets described above.  
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Figure 3.13: Spatial distribution of retrieved geophysical datasets. 
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4 Dataset Analysis  and Validation  

To be able to apply global hindcast and forecast datasets, and/or satellite data/imagery to the 

development of the PI product with confidence, they should be validated against site-specific 

recorded data. This section compares the measured and modelled datasets. 

 

4.1 Precipitation  

Rainfall data have been retrieved from the global hindcasts of ERA5-LAND between 1950 and 

2025, NCEP-NCAR Reanalysis between 1979 and 2025, and MERRA-2 between 1980 and 

2025. Data has been extracted from the IMERG database between 1998 and 2025. The 

precipitation data recorded at the Jucuarán weather station spans 05/03/2013 through 

21/04/2025. It is assumed that the precipitation data from the Jucuarán weather station is the 

cumulative daily amount (mm), although the units are not specified in the metadata. 

The NCEP-NCAR Reanalysis is the spatially coarsest dataset, with a horizontal resolution of 

200 km, and the closest data point to the Jucuarán weather station is ~90 km. The closest 

ERA5-LAND grid point is ~5 km, the closest IMERG data point is ~6.5 km, and the closest 

MERRA data point is ~28 km from the Jucuarán weather station (Figure 3.13). 

The large-scale hindcast datasets were post-processed to aggregate a cumulative daily 

rainfall amount (mm), noting that the NCEP data is provided as mean accumulation (6-hourly). 

The hindcast datasets were spatially interpolated to provide a comparative time series (Figure 

4.1) at the location of the Jucuarán weather station. The local maximum of the gridded 

datasets was also considered. Only non-zero values were considered in statistical 

comparisons (Figure 4.2). There is no statistically significant relationship in precipitation 

between any of the hindcast datasets and the Jucuarán weather station. However, each of the 

hindcast datasets depicts the seasonal cycles of rainfall and shows relative increases during 

heavy rainfall periods. IMERG resulted in the highest coefficient of determination (r2), 0.29, 

and more readily resolved the more extreme events, compared to the other datasets.  
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Figure 4.1: Time series of cumulative daily precipitation at Jucuarán weather station (blue) against spatial mean 
(orange), max (yellow) and interpolated values (purple) for ERA5-LAND (top), NCEP (top middle), MERRA 

(bottom middle) and IMERG (bottom). 
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Figure 4.2: Comparisons and r-squared values (non-zero) for cumulative daily precipitation for ERA5-LAND (top 
left), NCEP (top right), MERRA (bottom left) and IMERG (bottom right) against the Jucuarán weather station. 
Blue: Spatial mean. Grey: Spatial max. Orange: Interpolated value coincident with Jucuarán weather station. 

 

4.2 Wind  

Wind data was retrieved from: ECMWFôs ERA5-LAND database between 1950 and 2025 

(1995 to 2025 for the Ilopango AWS), NCEP-NCAR Reanalysis 1948 between 2025; and 

MERRA between 1980 and 2021. Wind speed data from these hindcast datasets is compared 

to weather station data from San Miguel and Ilopango International Airport (San Salvador). 

For the NCEP-NCAR and MERRA datasets, which are on coarse resolution grids, spatially 

interpolated time series were constructed for each weather station. ERA5-LAND provides a 

grid resolution that supports extracting the nearest grid node to each of the weather stations. 

The maximum of the gridded datasets was also considered in comparisons.  
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Figure 4.3 and Figure 4.4 compare the hindcast datasets with the windspeed data from 

Ilopango. Figure 4.5 and Figure 4.6 compare the hindcast datasets with the windspeed data 

from San Miguel. Only non-zero values were considered in statistical comparisons. There is 

no statistically significant relationship between any of the hindcast datasets and either weather 

station. All hindcast data present seasonal variations in wind speeds but fail to resolve high 

wind speed events (>~20 ms-1). The ERA5-LAND data has distinctly lower values than the 

recorded data and the other hindcast datasets, yet produces the highest correlation 

coefficients (0.29 and 0.07 for Ilopango and San Miguel, respectively). 
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Figure 4.3: Timeseries of wind speeds comparing data from the Ilopango weather station and ERA5-LAND (top), 
NCEP (middle) and MERRA (bottom). 
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Figure 4.4: Comparisons and r-squared values (non-zero) for wind speed for ERA5-LAND (top left), NCEP (top 
right) and MERRA (bottom) against Ilopango (Measured) weather station data. Grey lines and r2 values present 

local maximum wind speed data. 
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Figure 4.5: Timeseries of wind speeds comparing data from the San Miguel weather station and ERA5-LAND 
(top), NCEP (middle) and MERRA (bottom). 
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Figure 4.6: Comparisons and r-squared values (non-zero) for wind speed for ERA5-LAND (top left), NCEP (top 
right) and MERRA (bottom) against San Miguel (Measured) weather station data. Grey lines and r2 values 

present local maximum wind speed data. 

 

4.3 Pressure  

Sea level pressure data were retrieved from: ECMWFôs ERA5 Reanalysis between 1940 and 

2025, and NCEP-NCAR Reanalysis between 1948 and 2025. Pressure from these hindcast 

datasets was compared to weather station data from San Miguel (Figure 4.7). The hindcast 

data were spatially interpolated to provide a comparative time series. In the San Miguel 

dataset, which spans from 1984 to 2024, there were two very clear spikes (1040 mb and 912 

mb) compared to the rest of the dataset. These spikes were removed for this comparison, as 

the bulk of the data is well within these upper and lower limits. The San Miguel data is very 
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sporadic, with large gaps and some very short periods where data was recorded. Despite the 

lack of consistency, the datasets compare very well quantitatively. Correlation coefficients of 

0.81 and 0.51 were achieved for ERA5-LAND and NCEP, respectively (Figure 4.8).  

 

 

Figure 4.7: Timeseries of atmospheric pressure comparing data from the San Miguel weather station (blue) and 
ERA5-LAND (top), NCEP (bottom). 
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Figure 4.8: ERA5-LAND (left) and NCEP (right) atmospheric pressure compared to San Miguel weather station. 

 

4.4 Satellite Imagery  

Colour bands, including Near Infra-Red (NIR), were extracted from Landsat and Sentinel-2 

imagery for 1.5 km2 areas of the AOIs located offshore of the surf breaks of Punta Mango and 

Las Flores using Google Earth Engine1. The combined dataset (Landsat and Sentinel-2) 

spans 2013 through to the present day. The following proxies for water quality were calculated: 

¶ Normalised Difference Turbidity Index (NDTI), red reflectance is stronger than NIR 

(~<0 = Clear water; >0.1ï0.3 = Moderate turbidity; >0.3 = High turbidity). 

¶ Red Reflectance, where high reflectance indicates turbidity (~<50 = Clear water; >50ï

150 = Moderate turbidity; >150 = High turbidity). 

¶ NIR Reflectance, where high reflectance indicates turbidity (~<20 = Clear water; >20ï

60 = Moderate turbidity; >60 = High turbidity). 

¶ Normalised Difference Turbidity Index (NDTI), red reflectance is stronger than NIR 

(~<0 = Clear water; >0.1ï0.3 = Moderate turbidity; >0.3 = High turbidity). 

¶ Red/NIR Ratio (~<1 = Clear water; >1.5ï2.5 = Moderate turbidity; >3 = High turbidity). 

Figure 4.9 and Figure 4.10 present these data outputs for Punta Mango and Las Flores, 

respectively. The figures indicate coincident extreme events from the event catalogue. Proxies 

for turbidity were not available for all events, and Landsat images yielded very few usable data 

points and were therefore disregarded. The maximum proxy value within a 7-day window was 

 
1 Note, this was done in a purely research capacity to determine the usefulness of the dataset. Google 
Earth Engine is not freely available for commercial applications. 
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assigned to each event. Of the four proxies, the Red Reflectance and NIR Reflectance result 

in the most extreme-event-coincident values above the moderate threshold, and multiple 

instances of values above the high turbidity threshold. Not all events exhibit this pattern with 

extreme event values below the moderate threshold. It should be noted that turbidity in the 

water column is not exclusively tangent to inclement conditions, with primary production and 

algal blooms, large but clean swell conditions, strong tidal currents and other coastal 

phenomena all capable of influencing water clarity.  

 

 

Figure 4.9: Proxies for turbidity at Punta Mango, showing coincident extreme events (grey vertical lines) and 
values (yellow circles), and thresholds for moderate (dotted) and high (dashed) turbidity. 
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Figure 4.10: Proxies for turbidity at Las Flores, showing coincident extreme events (grey vertical lines) and values 
(yellow circles), and thresholds for moderate (dotted) and high (dashed) turbidity. 

 

4.5 Land Cover  

Land cover images from the European Space Agency (ESA) Climate Change Initiative (CCI) 

were retrieved between 1992 and 2022 for the broader area of the AOI. Appendix C contains 

a full timeline of the data. Figure 4.11 presents a subset which includes 1998 through 2004 in 

2-year increments. This period exhibits the most notable transition in the hinterland of Las 

Flores. The hinterland transitions from Mosaic Natural Vegetation (MNV) to Tree Broadleaved 

Deciduous Closed To Open (TBDCTO). MNV falls under the IPCC's Agriculture class in this 

dataset, and refers to tree, shrub and herbaceous cover being >50% and cropland <50%. 

TBDCTO indicates trees with seasonal losses of foliage, with a range of canopy densities 

(Close to Open; e.g. forests where trees are the primary component, but the canopy might not 



                                                                                          PIP Oriente Salvaje 

42 
 

be fully continuous), and falls under the IPCC's Forest class. This could be interpreted as a 

potential reduction in agricultural use and expansion of the natural forest.  

 

 

Figure 4.11: ESA Land Cover classes showing a transition from Mosaic Natural Vegetation (MNV) to Tree 
Broadleaved Deciduous Closed To Open (TBDCTO) between 1998 and 2004 in the hinterland of Las Flores. 

CRHC: Cropland Rainfed Herbaceous Cover; CR: Cropland Rainfed; MC: Mosaic Cropland; SOHCF: Shrub Or 
Herbaceous Cover Flooded; TBECTO: Tree Broadleaved Evergreen Closed To Open; TCFFOBW: Tree Cover 
Flooded Fresh Or Brackish Water; TCFSW: Tree Cover Flooded Saline Water. Orange Circles: Surf breaks of 

Punta Mango and Las Flores. Grey Dash: Topography between 30 m and 500 m in 25 m increments. 
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5 Extrem al Analysis  

An integral part of assessing coastal hazards is quantitatively characterising extreme events. 

In terms of coastal inundation, a coastal hazard assessment is largely focused on extreme 

water levels. The water level at any given time is a combination of several factors. The primary 

component is the astronomical tide level (Section 3.1). The tides are combined with ñstorm 

surgeò to form the ñstorm tideò. The storm surge, which is not always directly associated with 

an actual storm, is the sum of both wind setup and the inverse barometer effect. On top of the 

storm tide, at shorter frequencies, wave set-up will increase the water level and cause wave 

runup. The extreme versions of storm surge, when combined with large tidal ranges and 

extreme wave conditions, will be exacerbated by SLR. 

Extreme analysis in this work used the approach of Brodtkorb et al. (2011). A Peaks over 

Threshold (PoT) method isolated extreme events, and a Generalised Pareto Distribution 

(GPD) was used to estimate the Annual Recurrence Interval (ARI). ARI is the average period 

between events of a certain size. Annual Exceedance Probability (AEP) is the likelihood of an 

event of a certain size occurring in any given year (e.g., a 100-year ARI will occur on average 

once every 100 years and has a 1% AEP). These metrics allow for the communication of risk 

in intuitive terms for stakeholders (e.g. ñ1-in-10 year flood has 10% chance each yearò). 

Extreme value analysis is undertaken on the long-term ECMWF datasets for wind speed, wave 

height and sea level pressure. The analysis and ARI values are presented in Table 5.1 and 

Figure 5.1. Low atmospheric pressure, relative to the regional average, results in elevated 

water levels. This is known as the Inverse Barometer Effect (IBE) and is one of the factors that 

contribute to storm surge. A decrease of 1 mb in pressure relative to the average pressure 

results in an increase in water level by 1 cm. The long-term (ECMWF) average sea level 

pressure of the region is 1010.8 mb. The increases in water level equivalent to the 1, 25-, 50-

, 75- and 100-year ARI values are 6.2, 8.2, 8.6, 8.8 and 8.9 cm, respectively. 

 

Table 5.1: Annual Recurrence Interval values for wind speed, wave heights and sea level pressure for return 
periods of 1, 25, 50, 75 and 100 years. 

ARI (year)  1 25 50 75 100 

Wind Speed (ms -1) 8.7 10.9 11.5 11.8 12.0 

SWH (m) 1.9 3.0 3.4 3.6 3.7 

Wind Waves (m)  1.5 2.3 2.5 2.6 2.6 

Sea Level Pressure (mb)  1004.6 1002.6 1002.2 1002.0 1001.9 



                                                                                          PIP Oriente Salvaje 

44 
 

 

 

Figure 5.1: Extremal analysis for wind speed (top left), wave height (top right) and sea level pressure (bottom) for 
return periods of 1, 25, 50, 75 and 100 years. 

 

The extreme, return period wind speeds and mean sea level pressure values are not 

consistent with those maximum values in the weather station records or in the IBTrACS record. 

In the IBTrACS record, atmospheric pressure minima associated with extreme events reach 

as low as 920 mb (Tropical Storm Hattie, 1961), with many of the records having sub-1000 

mb pressure values. 
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6 Surf ing Resources  

The first step to effective surfing resource management is identification. It is very difficult for 

users and managers of shared spaces to be custodians of resources which do not formally 

exist. Identification can prove problematic, as it is well known that the existence and 

whereabouts of certain surfing locations are closely guarded secrets. This resistance to 

sharing location information also extends to characterisation, where the conditions under 

which certain surf breaks may function and how to access the location are not readily 

disclosed. The situation is made more complex by the decision-making around who decides if 

this information should be shared, and how much should be shared. Ultimately, surf breaks 

are, for the most part, public resources, and so, decisions around disclosure should fall to the 

local and traditional custodians. 

The best approach to identification and characterisation is engagement with local resource 

users and communities. Previous work has recommended that, before engagement, a 

preliminary identification and characterisation approach based on publicly available data is 

undertaken (Atkin, 2023; Atkin et al., 2022), which is effective in developing an understanding 

of the resources (Atkin et al., 2023). This preliminary approach relies on freely available and 

published data sources to build a case study. Data sources may include surf guides (printed 

and online), surf forecast websites, news articles, social media, online image and video 

sources, other online searches and historical aerial images. 

Surf guides can provide bulk, generic details for characterisation. The comments sections on 

websites provide more nuanced aspects of utilising particular resources. While surf forecast 

websites provide a limited amount of information, they corroborate the existence of a surf 

break. To be able to evaluate what the potential risks are to a surfing resource, a more detailed 

understanding is required. This requires building the characterisation from all the different data 

sources. Key characteristics include, but are not limited to: 

¶ General description of wave type ï e.g., breaking to the left or to the right as viewed 

from the perspective of the surfer. 

¶ Physical composition of the surf break - whether it is a rocky reef, a point break, a 

beach break, a rock ledge break, a river/estuary bar/delta, coral reef, or a mix of these 

surf break types (Mead, 2000). 

¶ Functionality. 

¶ Skill level. 

¶ Minimum Wave Height. Used in the construction of swell corridors and wave climate 

analysis to evaluate consistency. The determination of minimum wave heights is 

discussed in Atkin and Greer (2019). 
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¶ Optimum wind direction. 

¶ Optimum tide. 

¶ Wave quality (shape (Mead and Black, 2001c) and peel angle (Hutt et al., 2001) where 

possible). 

¶ Access points. 

¶ Value attributes such as: rarity, frequency, uniqueness, naturalness, wilderness value, 

amenity value, level of use, economic value, historic, heritage, and cultural 

associations, and educational value (Orchard et al., 2019).  

Wave breaking characteristics are critical to the surfing experience. The body of literature 

regarding surf science describes wave shape and the speed at which a wave breaks along its 

crest. When discussing surfing waves in an engineering context, wave shape is referred to as 

breaking intensity (Mead and Black, 2001c), and the speed at which a wave breaks is 

quantified as peel angle (Walker et al., 1972). 

Waves conducive to surfing will break in a ópeelingô manner, whereby the breaking part of the 

wave translates laterally along a wave crest. The peel angle (Figure 6.1) is defined as the 

angle between the trail of broken white water and the crest of the unbroken part of the wave 

(Walker et al., 1972). Peel angle is directly related to the rate at which the breaking part of the 

wave translates laterally, or the speed at which a wave breaks. 

 

 

Figure 6.1: Annotated aerial photograph (left) and schematic diagram of wave peel angle (Ŭ), peel rate (Vp), 
down the line velocity (Vs) and wave speed (c) (adapted from Walker, 1972; van Ettinger, 2005). (right). 

 

If a wave breaks along the length of its crest simultaneously, the peel angle is 0°. This scenario 

is termed a óclose-outô in surfing culture and is not useful for surfing beyond the learner level. 

If the breaking part of the wave does not translate along the crest at all, then the peel angle is 

90°, and these types of waves are also often utilised by beginners. Small peel angles indicate 

waves that break faster than those with a high peel angle. Walker (1974), and later Hutt et al. 

(2001), categorised surfing waves in terms of difficulty based on the peel angle from absolute 
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beginner to experts. Peel angle is arguably the most important metric of surfing wave quality 

(Atkin, 2023). 

The vortex ratio is the length-to-width ratio of the area underneath the breaking part of the 

wave and indicates the óroundnessô of a wave as it breaks (Figure 6.2). As the vortex ratio 

approaches 1, the tube shape becomes more circular and less elongated, and breaking is 

more intense. Waves with vortex ratios larger than 3 are gently plunging or spilling. Table 6.1 

relates the shape of different categories of surfing waves with surfing terminology and provides 

examples of surf breaks fitting each breaking intensity. Intermediate to experienced surfers 

prefer steep or hollow, barrelling waves. 

 

 

Figure 6.2: Curve fitting is applied to the forward face of a crest parallel wave image and used to calculate the 
vortex length (l), width (w) and angle (ɗ). H is the estimated wave height (Mead and Black, 2001c). 

 

Table 6.1: Breaking intensity, vortex ratio, descriptive terms and surf break examples (Mead and Black, 2001c). 

 

 

The Management Guidelines for Surfing Resources (Atkin et al., 2023) provides a 

comprehensive list of 34 different activities that can impact surf break use. These 

activities/sources were identified through literature reviews, extensive public consultation, and 

input from technical experts. These activities, threats and/or sources fall under 4 

subcategories: 

¶ Hinterland, Catchment and Waterways; 

¶ In and around a Surf Break Area (SBA); 
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¶ Nearshore, Offshore and Swell Corridor; and, 

¶ Social and Technological. 

Activities, threats and sources range in spatial scale (e.g., local, regional and global). Each of 

these can have different time frames. The effects of an activity/threat/source can be temporary 

or permanent; similarly, although some effects can be mitigated, many cannot. They can have 

negative or positive effects on wave quality and the surf break environment. Some threats are 

more common at specific geomorphic types of surf breaks (e.g., channel dredging, issues with 

boat traffic, and water quality are more common to river/estuary bar breaks). 

The guidelines (Atkin et al., 2023) provide a threat and risk assessment framework. The 

framework leverages the sensitivity of the surf break in terms of its geomorphological character 

and environmental setting. Consequence categories draw on examples of known surf break 

degradation. While the qualitative risk assessment methodology provides a relatively simple 

method. The framework requires knowledge of coastal processes, surf science and surf break 

dynamics and leverages detailed characterisation. 

This chapter presents a preliminary characterisation of two surf breaks within Oriente Salvaje: 

Playa Las Flores and Punta Mango. The characterisation for each break considers: 

Geographical Setting and Access, Surf Break Type and Functionality, Wave Quality, Value 

Attributes, and Sensitivity and Resilience. 

 

6.1 Literature Review  

The following section considers relevant published works, grey literature, and datasets to aid 

in the characterisation of surfing resources of Punta Mango and Las Flores. 

 

6.1.1 General  

Stormride r 

ñThe narrow swell window favours S-SW swells, SW being the best direction. A true W swell 

will rarely get into Eastern El Salvador unless it is huge. Highest consistency occurs during 

the wet invierno season from May-Oct, with some 8-12 ft days. Winds are usually offshore in 

the mornings, then shift to light moderate SW onshore at midday, yet the points remain well 

wind protected. Nov-Apr is the dry Verano season, offering consistent surf in the 3-5 ft range, 

when sunny offshore conditions prevail, often for days. The lack of a strong local offshore 

present upwelling and the tidal range never goes over 1.8 m, which only slightly affects most 

rocky pointbreaks.ò 
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Reddit 2 

ñThe road all the way from San Sal to El Cuco/ Los Flores is paved. The last time I was there 

(2023), they were in the process of paving the road from Las Flores to the Punta Mango area 

but it was incomplete and still dirt most of the way. I would imagine it has been completed by 

now. You can probably drop a line to one of the Punta Mango resorts or Las Flores to confirm.ò 

ñHaving a truck is nice because you can still stay in Las Flores but surf mango whenever you 

want. There are boats from flores to mango every day, but they only go in the morning as the 

wind usually comes up and blows out mango (flores handles the wind better, bumps it up but 

is still usually surfable). So if the wind does stay down, its a lot less crowded in the afternoon.ò 

 

6.1.2 Las Flores  

The following presents extracts from websites and published books relating to the surf break 

of Las Flores. Data is presented alphabetically based on source name. Table 6.2 summarises 

the key metrics and descriptions from the data sources. 

 

El Salvador Surf  Camps 3 

ñThe Surf spot is very impressive, the pointbreak is like a machine, it always break in the same 

spot and all the waves are basically with the same shapes, with a nice short tube section in 

the beginning for faster riders, then a long stand up solid wall for several meters, currents can 

be strong sometimes, the bottom is sandy, with a couple rocks in the beginning, is a great spot 

for all type of surfers. In Las Flores you'll enjoy one of the best waves of El Salvador. Las 

Flores right point break it is a long, consistent, fun wave with a sand bottom and tubular 

sections.ò 

 

Perfect Wave 4 

ñA quality right point break featuring a hollow outside section and long rides.ò 

 

 

 
2 Reddit 
3 El Salvador Surf Camps 
4 Perfect Wave 

https://www.reddit.com/r/surfing/comments/1iz4jxk/punta_mangolas_flores/
https://www.elsalvadorsurfcamps.com/
https://www.perfectwavetravel.com/nz/el-salvador-surf-guide/
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Sunzal Surf Company 5 

ñThis sand bottom point will remind you of the classic rights between Barra de La Cruz and 

Salina Cruz in southern Mexico. Fast, powerful, barreling waves are regular sights. Bring your 

A-Game for paddling, there is a current right at the take off zone that pretty much mandates 

sessions at Flores as all-day paddle-a-thons.ò 

 

Stormrider  

ñIntermediate to experience surfers will focus of Las Flores, a Salvadorian dream set-up and 

one of the premier surfing locations in Central America. Compatible with the largest swells and 

always better at low tide, the waves first wrap around a rocky point full of palm trees, jack up 

over the take-off rocks, then reel off down a sandbar offering speed and barrelling sections. 

Lengthy rides of up to 300 m are common, but the increasing crowds make it hard to get 

priority. Mellow shoulders at high tide but still fun. Beware of panga traffic through the line-upò. 

Stormrider symbology indicates right hand point break; Cobblestones/boulders + sand; 2-15 

ft ideal wave range. 

 

Surf Atlas 6 

ñA super-high-quality right point that we think deserves a place up there with the likes of Kirra 

and Bells, this oneôs the cr¯me-de-la-cr¯me of eastern El Salvador. Itôs remote and not that 

busy, at least compared to the breaks around La Libertad. That only adds to the draws, though, 

because big S swells can churn out rolling peelers that march into the bay from the outer point 

with rides that can top 500 meters on the best days. The sections are like something out of a 

wave pool, starting hollow and tubey and mellowing into a triangular shoulder thatôs simple fun 

from end to end.ò 

 

Surfline  

ñLocated at the tail end of the country's east coast, Las Flores awaits in truly stunning, tropical 

coast, righthand pointbreak. On big S or SW swells, Las Flores rivals any righthand pointbreak 

in the world: it barrels hard out at the top of the point and reels perfectly to the inside, offering 

a relatively safe paddle back out.ò 

 
5 Sunzal Surf Company 
6 Surf Atlas 

https://www.sunzal.com/waves/
https://thesurfatlas.com/el-salvador-surf/
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Surfline ratings and metrics: 

¶ Ability level: All - Beginner to expert, depending on size. 

¶ Local Vibe: Doable - More tourists than locals at this point. 

¶ Crowd: Moderate - Can get crowded on good swells, especially during the peak 

season. 

¶ Spot Rating: Perfect - One of the best waves in Central America when it is working. 

¶ Shoulder Burn: Medium - If you're catching a lot, then you'll be working hard. 

¶ Water Quality: Fair - Depends on rainfall. 

¶ Hazards: Shallow rocks at low tide. 

¶ Bottom: Rock, sand. 

¶ Access: Located in a remote part of the coast. Drive down from San Salvador or stay 

at the Las Flores Surf Club. 

¶ Ideal Surf Conditions: SE-S Swell; Size Head high-double overhead+; NW-N Wind; All 

tide. 

 

Surfer / Marcelo Castellanos 7 

ñLas Flores is a wave that is mellow when itôs medium and small, but it gets pretty heavy when 

itôs big, because you have to take off in front of the rocks.ò 

 

Wannasurf 8 

ñLas Flores is just an O.K. wave, good for longboarders. The setting is very beautiful and 

relaxing. The peak right in front of the rocks has some power, but above 5' strong currents 

tend to drift you away from the peak and you end up surfing the rest of the wave's mushy 

shoulder. Rides of 100' are common. It is also relatively protected from side-shore winds.ò 

Wanna surf metrics: 

¶ Wave Quality: Normal 

¶ Experience: All surfers 

¶ Frequency: Regular 

¶ Wave Type: Point-break 

¶ Direction: Right 

¶ Bottom: Sandy 

 
7 Surfer 
8 Wannasurf 

https://www.surfer.com/culture/plan-surf-trip-el-salvador-crucial-tips-surf-coach-marcelo-castellanos
https://web.archive.org/web/20170802034847/https:/www.wannasurf.com/spot/Central_America/El_Salvador/las_flores/photo/index.html
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¶ Power: Ordinary 

¶ Ride Length: Normal (50 to 150m); Good day: Normal (50 to 150m) 

¶ Good Swell Direction: SouthWest, South 

¶ Swell Size: Starts working at 1.0m-1.5m / 3ft-5ft and holds up to 2.5m+ / 8ft+ 

¶ Best Tide: All tides, rising. 

¶ Crowd: Weekday: Empty; Weekend: Empty 

 

Relevant Comments: 

¶ ñThe point is fun on low tide - throwing fun tubes that aren't too hard to get and mushier 

at high tideò. 

¶ The wave has a distinct take off spot at the top of the point, but can section in the 

middle of the cove and if people were caught taking it slow.ò 

¶ ñThis spot has more mixed reviews than any other. Iôve heard everything from its 

Longboard wave to a Powerful wave, 50 meter wave to 300 meter and crowded to 

uncrowded... I guessing it is in between these...?ò 
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Table 6.2: Summary of metrics and descriptions from the data sources for Las Flores. 

Source  
El Salvador 
Surf Camps  

Perfect 
Wave 

Stormrider  
Sunzal Surf 
Company  

Surf Atlas  Surfline  Surfer  Wannasurf  

Wave 
Type 

Right Point 
Break 

Right Point 
Break 

Right Point 
Break 

Right Point 
Break 

Right Point 
Break 

Right Point 
Break 

 Right Point Break 

Composi
tion  

Sand; Rocks  
Cobblestones; 

Boulders; 
Rocks; Sand 

Sand  Rocks; Sand Rocks Rocks; Sand 

Optimum 
Swell 

Direction  
    S SE-S  S-SW 

Wave 
Size 

       1.0 - 2.5m+ 

Optimum 
Swell 
Size 

  0.6-4.6 m   
Head High-

Double 
Overhead+ 

  

Optimum 
Wind 

Direction  
     NW-N   

Optimum 
Tide 

  Low   All  All; Rising 

Max Ride    300 m  500 m   300 m 

Rating       Perfect  O.K.; Normal 

Descripti
ve Terms  

Machine-like; 
Same Shape; 
Tube; Solid 
Wall; Long; 
Consistent; 

Fun. 

Hollow; 
Long. 

Speed; 
Barrelling; 

Mellow (High 
Tide); Fun 

(High Tide). 

Fast; 
Powerful; 
Barrelling; 
Current. 

Peeler; 

Hollow; Tube; 

Mellow; 

Triangular 

Shoulder; Fun. 

Barrels; Reels. 

Mellow 
(When 
Small); 
Heavy 

(When Big). 

Power; Currents; 
Mushy; Protected 
From Wind; Fun 

(Low Tide); 
Tubes; Distinct 
Take Off Spot; 
Musher (High 
Tide); Section 

Powerful 

Skill 
Level  

All  
Intermediate 

To Experience 
  

All (Size 
Dependent) 

 All 

 



                                                                                          PIP Oriente Salvaje 

54 
 

Sadrpour and Reineman (2023) developed a Surf Break VulnerabilityïClimate Change 

Assessment Tool (SurfCAT). The tool has been used in an assessment of Las Flores, 

leveraging local stakeholder input (unpublished). The results indicate that for Las Flores, the 

categories of Tidal Sensitivity, Seafloor Composition, Shoreline Resilience, Swell Sensitivity, 

and Resilience Planning are all high-risk (Figure 6.3). The summary of inputs: 

¶ Tidal Sensitivity: High ï Waves are only consistent on specific tides; significant quality 

loss outside that range. 

¶ Seafloor Composition: Very reliant ï Point/reef break dependent on stable cobblestone 

and sand interface. Changes in sediment transport patterns could alter wave quality. 

¶ Shoreline Resilience: Not resilient ï Backshore is semi-fixed; limited ability to migrate 

inland under SLR without management intervention. 

¶ Swell Sensitivity: High ï Narrow swell window (S to SW); minor directional shifts can 

reduce wave quality. 

¶ Resilience Planning: None ï No formal inclusion of surfing in adaptation or coastal 

management planning. 

 

 

Figure 6.3 Unpublished climate change vulnerability profile for Las Flores based on SurfCAT assessment 
(Sadrpour & Reineman). 
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6.1.3 Punta Mango  

The following presents extracts from websites and published books relating to the surf break 

of Punta Mango. Data is presented alphabetically based on source name. Table 6.3 

summarises the key metrics and descriptions from the data sources. 

El Salvador Surf  Camps  

ñOne of the most tubular waves in the country, Punta Mango in the wild west awaits you in an 

environment of tranquillity, lots of vegetation and privacy, a sandy beach and its rocky point.ò 

 

Perfect Wave  

ñPowerful, fast, and hollow, can also get quite big.ò 

 

Stormrider  

ñPunta Mango is the main attraction, an epic right pointbreak peeling over barnacle encrusted 

boulders. With a solid S-SW swell and an incoming tide, hollow racetrack walls deal out juicy 

barrels to the inevitable crowd of boaters, especially at its ideal size from head high to double 

overhead. Itôs possible to drive during the dry season, but the bad roads and thefts make the 

30-minute boat ride from El Cuco or Flores advisableò. 

Stormrider symbology: right hand point break; Cobblestones/boulders; 4-15 ft ideal wave 

range. 

 

Sunzal Surf Company  

ñPunto Mango is a powerful, hollow right point breaking over cobblestone. There is an 

extremely hollow take-off with a serious barrel at size. Punto Mango is accessible best by 

boat; there are many crews lined-up on the beach in Las Flores that will take your group.ò 

 

Surf Atlas  

ñPunta Mango is the name for the main point break that hits the headland in front of La 

Periquera town. This is very much the heart of the Oriente surf zone. Itôs actually a fine right 

hander that can rival any in the country on its day. The issue is that itôs nowhere near as 

consistent, needing bigger south pulses to get firing. When itôs on, itôs really on, because youôll 

have loads of zip to work with down the line and thereôs nice sections to get playful on. Punta 



                                                                                          PIP Oriente Salvaje 

56 
 

Mango is one of the reasons that we recommend the Oriente region for more intermediate 

surfers than the beginners.ò 

 

Surfline  

ñOne of El Salvadorôs hollower righthand points when itôs on, Punta Mango is fickle and hard 

to score perfect, but worth the wait when you do. While the wave used to only be accessible 

by boat, there is now a 4x4 road to the point, which has increased crowds a bit over the past 

few years. Located around 40 minutes from Las Flores in an area rich in natural beauty, Punta 

Mango needs a solid size to move off the rocks and break properly over the cobblestone 

bottom. If thereôs a solid swell running and the more user-friendly points such as Sunzal are 

getting a bit boring, head to Mango and test your barrel-riding skills.ò 

Surfline ratings and metrics: 

¶ Ability Level: Intermediate ï Advanced ï Pro ï Intermediate to expert. 

¶ Local Vibe: Doable ï Expect El Salvadorôs more talented local surfers to be on it when 

itôs firing. 

¶ Crowd Factor: Moderate ï Difficult access helps keep crowds from getting out of 

control, but a wave this good is never empty. 

¶ Spot Rating: Fun ï One of El Salvadorôs best points when itôs on. 

¶ Shoulder Burn: Medium ï Like most pointbreaks, thereôs a bit of current to deal with, 

particularly up top where itôs hollow and heavy. 

¶ Water Quality: Fair ï There isnôt much around, so the water stays relatively clean, 

despite its darkish colour.  

¶ Hazards: Hollow sections up top, sketchy rocks when the swell is small and right on 

shore. 

¶ Access: Somewhat remote, so your best option is by boat or 4x4. 

¶ Bottom: Sand/rock. 

¶ Ideal Surf Conditions: S-SW Swell; Size 4-12 ft; N Wind; All tides, best on incoming 

mid to high tide. 

 

Wannasurf  

ñYou can drive pretty there pretty easy. Just go west on the coast road from El Cuco and Las 

Flores, after about a half hour you'll see a big blue sign that says Punta El Floral which is 

Punta Mango. Park at Ranch Mango and walk 3 minutes to the point. Buses go out there from 

El Cuco also, but not always easy to find the right one. Boat from las Flores, a $60 U.S.D. gets 
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you there and the boat stays with you for a couple hours. Most boats have a capacity for 5 

surfers.ò 

ñIf you hit it on the right day, you play the crowd right, and you have the guts you will get 

shacked. Why do i say the guts? Because itËs a hollow, very powerful, and fast wave.ò 

Alternative name: Punta El Floral 

Wanna surf metrics: 

¶ Wave Quality: Regional Classic 

¶ Experience: Experienced surfers 

¶ Frequency: Very consistent (150 day/year) 

¶ Wave Type: Point Break 

¶ Bottom: Boulders 

¶ Power: Hollow, Fast, Powerful, ñLedgeyò 

¶ Ride Length: Normal (50 to 150 m); Good day: Normal (150 to 300 m) 

¶ Good Swell Direction: SouthWest, South 

¶ Good Wind Direction: North, NorthWest, NorthEast 

¶ Swell Size: Starts working at 1.5m-2m /5ft-6ft and holds up to 5m / 16 ft and over 

¶ Best Tide: Mid tide, falling. 

¶ Crowd: Weekday: Ultra crowded; Weekend: Ultra crowded 

¶ Dangers: Rips/undertow; Rocks 

Relevant Comments: 

¶ ñFun Wavesò 

¶ ñwe actually didnôt get that many good waves at the time. mainly cos hurricane mitch 

came over and wiped the place out.. we were trapped there for 2 weeks before getting 

lifted out by army choppers, 4 guys and 8 surfboards. unreal times.ò 

¶ ñthese breaks are only epic with big swellsò. 
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Table 6.3: Summary of metrics and descriptions from the data sources for Punta Mango. 

Source  
El Salvador 
Surf Camps  

Perfect Wave  Stormrider  
Sunzal Surf 
Company  

Surf Atlas  Surfline  Wannasurf  

Wave Type    
Right Point 

Break 
Right Point 

Break 
Right Point 

Break 
Right Point 

Break 
Right Point 

Break 

Composition  Rock  
Cobblestones 

Boulders 
  

Rocks; 
Cobblestone; 

Sand 

Boulders; 
Rocks 

Optimum 
Swell 

Direction  
  S-SW   S-SW S-SW 

Wave Size       1.5 ï 5 m 

Optimum 
Swell Size  

  

1.2-4.6 m 
(Head High to 

Double 
Overhead) 

  1.2-3.7 m  

Optimum 
Wind 

Direction  
     N NW-NE 

Optimum Tide    Incoming   Mid To High 
Mid Tide, 

Falling 

Max Ride        300 M 

Rating        
Regional 
Classic 

Descriptive 
Terms  

Tubular 
Powerful; Fast; 

Hollow. 

Hollow; 
Racetrack 

Walls; Barrels. 

Powerful; 
Hollow; 
Barrel. 

Sections, 
Playful. 

Hollow; Fickle; 
Barrel; Fun. 

Shacked; 
Hollow, Very 

Powerful, Fast; 
Consistent; 

Ledgey; Fun. 

Skill Level      
Intermediate 

Up 
Intermediate 

Up 
Experienced 
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6.2 Characterisation  

This Section combines quantitative datasets and information drawn from the literature review 

and describes the surf breaks within the context of the body of published literature relating to 

surf science and surfing resource management. 

 

6.2.1 Wave Climate  

Information from the literature review indicates that both Punta Mango and Las Flores are 

surfable under southerly swell conditions, with some sources indicating southwest and others 

southeast swells, and one source indicating westerly swells. The wave data extracted from 

13°N / -88°E presented in Section 2 shows that the mean wave height, period, and direction 

of the full wave climate are 1.06 m, 9.07 s, and 201.11°, respectively. The mean wave height, 

period and direction of the swell component are 1.03 m, 9.42 s, and 202.22°, respectively. 

Significant wave heights and swell wave heights are >1 m for 52.23% and 58.45% of the time, 

respectively. Instances when swell wave height and swell wave period are concurrently more 

than 1 m and 10 s, respectively, occur 22.54% of the time. 

 

6.2.2 Geographical Setting & Access  

The continental shelf is ~100 km due south of the Oriente Salvaje, where depths increase 

from ~150 m to more than 1,000 m in the space of 1,000 m horizontally, and more than 

3,000 m ~100 km further south. At the continental shelf break, south of the surf breaks, there 

is an extensive canyon, ~40 km wide and extending ~30 km shoreward. Landward across the 

continental shelf, the topography is relatively flat (compared to the shelf break). There is a 

wide channel associated with the Golfo de Fonseca to the east. The channel extends south-

westward, with channel margins and other bathymetric features east of south of the surf 

breaks of Las Flores and Punta Mango, some ~20 km offshore. Inshore of the 50 m isobath, 

the chart reveals very little detail, and contours are relatively well spaced, indicating a 

consistent platform. There is an offshore extension of ~1,000 m of the 20 m contour, roughly 

halfway between Punta Mango and Las Flores. If this feature is genuine, at that depth, it may 

influence the nearshore wave climate by focusing wave energy and setting up alongshore 

wave height gradients. Inshore of the 20 m isobath, the nautical chart is featureless beyond 

the seaward extension of the shoreline that represents the headlands upon which the surf 

breaks of Punta Mango and Las Flores are hosted. 
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Appendices D and E contain all available historical Google Earth imagery for both Punta 

Mango and Las Flores, spanning 2003 (2007 for Las Flores) to 2024. These images, along 

with other images found online, have been used to infer, in part, the geomorphological setting 

of the surf breaks. The headland at Punta Mango is broader and lower lying than the headland 

at Las Flores. There is a rocky cliff or bluff at Las Flores close to the shoreline, before there is 

a step down onto a relatively narrow complex of rocky reef, large rocks and boulders, before 

transitioning to sand. There is no apparent cliff at Punta Mango; the boulder field is well 

defined, being broader and wider than at Las Flores, and appears to extend further into the 

intertidal and subtidal areas. 

The low-lying headland at Punta Mango is bisected by a river, indicating a foundation of alluvial 

deposits, much of which is vegetated, rather than an elevated rocky promontory like Las 

Flores. There are likely to be other geological components contributing to the formation of this 

deposit, and identifying them would require additional geological studies. Of the 17 aerial 

photos of Punta Mango, only ~3 show the river system with substantial flow, noting that these 

images are snapshots in time and likely biased to fairer meteorological conditions.  

In all images, the river discharges to the west (away from the surfing area) toward the small 

beach. This riverine discharge creates a channel, which appears dominated by smaller 

sediment fractions (no cobbles/boulders). The channel is shoreward of the western extent of 

the cobble/boulder bank. The riverine system very likely contributes material to the local 

sediment budget of the small beach, and if transported offshore through wave action or high 

river flow, will add to material moving along the coast. An assumption is that sediment 

transport along Oriente Salvaje is from west to east, which means these riverine-derived 

sediments may contribute to the bathymetric configuration of Punta Mango. However, this 

contribution is likely very small and intermittent in comparison to the broader sediment budget 

and is unlikely to be a factor in the maintenance mechanisms of Punta Mangos' functional 

components on a day-to-day basis. The role of extreme events may result in a different set of 

processes, such as breaching and discharge of the cobble/boulder bank to the south or west, 

delivery of new cobbles/boulders, and/or reworking the cobble/boulder/sand matrix further 

offshore. These processes are unknown and would require detailed characterisation.  

At Las Flores, directly east of the headland, a small stream discharges onto the beach. In most 

of the historical aerial images the stream bed appears dry, in others there is an impounded 

water body, and in a limited number of images, the stream is discharging onto the beach. 

There is no evidence of the stream creating a permanent or semi-permanent morphological 

feature, such as a channel. The assumed net transport would move material delivered by the 

stream to the east; however, circulation patterns in the embayment, adjacent to the succession 

of headlands, may be complex. 
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To the east (~3 km and ~6 km) are two much larger riverine systems discharging to the coast. 

In many of the referenced images, when surfing conditions are apparent, the waves are 

suspending sediment at Punta Mango and Las Flores. In the literature review there are no 

references to a dependence of surfing wave quality on sediment. 

Like many of the headlands along this coast, Punta Mango and Las Flores create a 

discontinuity in the shoreline and nearshore isobaths, compared to the relatively planar pocket 

beaches and broader beach areas along the coast. In Appendices D and E, and in Figure 6.4 

for example, waves can be seen breaking directly offshore and along the eastern side of both 

headlands. The obliquity between incident wave crests and the nearshore isobaths promotes 

the waves to peel at a surfable angle. Approximately 75% and 40% of these images exhibit 

wave-breaking patterns that are conducive to surfing for Punta Mango and Las Flores, 

respectively. 

 

 

Figure 6.4: Waves peeling along the eastern side of the headland at Las Flores (left) and Punta Mango (right). 

 

Las Flores is proximal to the town of El Cuco, where beach access appears ubiquitous. No 

direct access issues were revealed in the literature review. Accessing the Oriente Salvaje 

region is, in part, the matter of this investigation. While there is an established road leading to 

El Cuco, it is vulnerable to flooding, landslides and structural failure under inclement 

conditions. 

Punta Mango is more remote than Las Flores; however, the road passes close to the 

headland. Historically, this surf break was accessed almost exclusively by boat, a service 

which is still provided out of El Cuco and other settlements. Like Las Flores, the road is 

vulnerable to inclement conditions, which can prevent access. 
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6.2.3 Surf Break Type & Functionality  

From the information gathered in Section 6.1, both Punta Mango and Las Flores are right-

hand point breaks (Mead, 2000). Offshore wind directions are from the northern quarter. There 

is contrasting information on the best tide for point breaks, with Las Flores tending towards 

low tide being optimal. 

The offshore bathymetry (Section 3.5) does not present any features that would result in 

significant preconditioning of waves as they approach the coast. There is no detailed, 

nearshore bathymetry for the areas around the point breaks. 

The headlands associated with the surf breaks are not extensive. At Punta Mango, the incident 

wave climate and offshore bathymetry mean that waves approach shore-normal (straight on), 

which appears to be the case in aerial images. There will be no low-pass filtering of wind-

driven, shorter-period waves at the offshore extent of the surfable area. Waves of a surfable 

period refract around the eastern flank of the headland, but the refraction does not appear to 

be extensive, and in some aerial photos, it is minor.  

To the west of Las Flores, two headlands extend further southward by more than ~350 m 

relative to the Las Flores headland. Aerial photos of this succession of headlands, separated 

by two pocket beaches, show that incident wave crests at the beach to the west of the 

headland (Playa La Ventana) are refracting by ~20° into the point of Las Flores. The 

succession of headlands may provide a limited degree of low-pass filtering of short-period 

waves from the west, which aligns with sources in the literature that state Las Flores is (more) 

surfable (than Punta Mango) when westerly winds occur. Refraction inside the headland at 

Las Flores is minimal, with wave crests largely aligned perpendicular to the main axis of the 

headland.  

At Punta Mango, there is refraction compensation to maintain a surfable peel angle, where 

the planform shape of the point moves away from the refracting wave crest. However, both 

sites appear largely dependent on the obliquity between the subtidal headland isobaths and 

incident wave crests, with both breaks likely consisting of an offshore ramp, leading to a focus 

and wedge combination, with an adjacent platform to the east (Mead and Black, 2001a, 

2001b). 

There are no mentions in the literature and data review that wave quality at either point break 

is sand-dependent. The SurfCAT assessment for Las Flores indicates that the surf break is 

dependent on the interface between the stable cobblestones and sand, and that changes in 

sediment transport patterns could alter wave quality. The wave climate is very unimodal, and 

sand around the headlands, covering a boulder-reef matrix, is likely in a state of equilibrium. 
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Figure 6.5 presents images of surfable waves at Las Flores and Punta Mago that show 

suspended sediments during surfable conditions. At Las Flores, suspended sediment is visible 

along the length of the point, especially in the seaward area where the wave first starts to peel 

(the peak) and in the nearshore where the point transitions to open beach. Similar patterns 

are seen in some of the historical aerial images. Low tide images at Punta Mango show 

suspended material.  

 

 

Figure 6.5: Photos of Las Flores (top) and Punta Mango (bottom) showing the entrainment of sediments during 
surfable conditions. Image sources: AST Adventures (top left), El Salvador Info (top right) and Punta Mango Surf 

(bottom). 

 

6.2.4 Wave Quality  

The Google Earth historical photos were annotated, and the peel angles of surfable waves 

were measured. The peel angle data for Punta Mango and Las Flores are presented in Figure 

6.6. 

At Punta Mango, peel angles range from 27.6° to 61.5°, with a standard deviation of <10° and 

a mean of 48.7°. One of the points is very close to the rocky headland and could be considered 

an outlier, resulting in a mean of 50.6°, the standard deviation 7.3°, and the lowest peel angle 

37.7°. At Las Flores, peel angles range from 45.2° to 64.2°, with a standard deviation of 7.1° 

https://www.astadventures.com/products/copy-surf-las-flores-el-salvador
https://elsalvadorinfo.net/surf-city-el-salvador/
https://www.instagram.com/puntamangosurf/p/DIUkBORypWi/?img_index=6
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and a mean of 56.1°. The low standard deviation at both point breaks indicates consistency in 

breaking patterns (often indicating that the surf break is mechanical). Both ranges of peel 

angles indicate resources that offer developing surfers to work the face of the wave, though 

for high-performance surfing, executing advanced manoeuvres (Hutt et al., 2001). Punta 

Mango has a lower average peel angle, indicating that it is a generally faster wave.  

References to plunging waves at Punta Mango are made in all but one of the literature sources 

presented in Section 6.1. Basic internet searches of surfing at Punta Mango yield a plethora 

of images of surfers riding underneath the plunging part of the wave, largely referred to as 

being ñbarrelledò. Figure 6.7 shows steep and hollow waves. The left panel in Figure 6.7 is 

approximately crest parallel and allows a heuristic measurement of the vortex ratio (length to 

width), yielding <3, which is a medium breaking intensity. There are, however, many images 

available online depicting high-intensity, low vortex ratio waves. Wave shape is a function of 

bathymetry (the orthogonal seabed gradient; Mead and Black, 2001c), but where a wave 

breaks in relation to functional components of a surf break can be a function of tide, swell 

conditions (height, period and direction) and, to a lesser extent, wind. 

The combination of wave shape and the range of peel angles indicates the existence of 

surfable waves of sufficient quality conducive to high-performance surfing. The breaking 

patterns displayed in the aerial images indicate there is the potential for ride lengths, a 

secondary metric for surfing wave quality, to exceed 280 m. A valuable piece of data in 

characterising surfing resources is the GPS tracks of users. These data have been used to 

good effect in providing ride lengths, surfer speed, defining the Surf Break Area and take-off 

zones, as well as access points. Surfer GPS data was not readily available for this project.  

Similar to Punta Mango, for Las Flores, there are multiple references in the literature sources 

to plunging waves and the opportunity for users to ride in the barrel (Figure 6.8). No clear 

crest-parallel images were obtained, and no measurement of vortex ratio was made. Again, 

many of the resulting images from an internet search of surfing Las Flores depict barrelling 

waves. Inherent to plunging waves are steep faces that allow surfers to perform a full range 

of high-performance manoeuvres. The breaking patterns displayed in the aerial images 

indicate there is the potential for ride lengths in excess of 300 m. 
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Figure 6.6: Peel angles measured on historical Google Earth images for Punta Mango (left) and Las Flores (right).
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Figure 6.7: Images of Punta Mango with riders surfing inside the plunging part of the wave (Michanti). 

 

 

 

Figure 6.8: Images of Las Flores with riders surfing inside the plunging part of the wave (Las Flores Resort). 

 

6.2.5 Value Attributes  

Orchard et al. (2019) consider the value attributes of rarity, frequency, uniqueness, 

naturalness, wilderness value, amenity value, level of use, economic value, historic, heritage, 

and cultural associations, and educational value. 

Oriente Salvaje is referred to as the ñWild Eastò, or in some cases, ñSavage Eastò. The 

literature sources refer to a remote location, and historically, access was considered a 

https://hotelmichanti.com/barrel-fest-at-punta-mango/
https://www.lasfloresresort.com/el-salvador-beach-resort/surfing/surf-spots





















































































