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Most densely populated country in CA
Geographic, tropical location exposes its population to:
	- Volcanic Activity
	- Earthquakes
	- Landslides
	- Tsunami
	- Flooding
	- Drought
Located above the subducting Cocos Plate under the Caribbean Plate.
San Vicente Volcano has been dormant for at least 7000 years


Evolution of Crisis Response Systems in El Salvador
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Hurricane Mitch killed over 7000 throughout Central America, including El Salvador. Was a “wake-up” call regarding human vulnerability that sparked countries to begin talking about preparedness rather than simply response to disasters.
Jan. 13 and Feb. 13 two deadly earthquakes struck El Salvador, killing more than 1700 people. Spurred country to create SNET to better address hazard issues—charged with instrumenting and monitoring Salvadoran volcanoes as well as other hazards, communicating hazard information to the authorities and the public.
Oct 1, 2005 Santa erupted at 8:00 am. Hurricane Stan entered the country that afternoon, remobilizing ash and triggering devastating lahars. Civil Protection was created out of these two disasters to better prepare populations and respond in disasters’ aftermath.
Nov. 2009, Hurricane Ida brought forth deficiencies in Civil Protection and SNET organizations. SNET forecasted rains, but never expected such heavy rains. Civil Protection did not declare any alert until the day AFTER the disaster (from no alert to red—highest alert). No community or municipal Civil Protection brigade had been formed in the municipalities effected; even though law had made this a requirement.
2009 – 2011 national government invested in Civil Protection to help better equip municipalities with more human and technological resources. UES-FMP, along with other NGOs, organized Diploma Program to help train new Civil Protection personnel and other stakeholders to better respond during next emergency. TD 12E provided the opportunity to put training into real-life practice. Disaster risk reduction (DRR) and geoscience research is lacking at San Vicente Volcano
Poor hazard awareness and no disaster preparedness plans prior to November 2009
High social and physical vulnerability to natural hazards among rural Salvadorans
Lack of institutional coordination in disaster aftermath




Hurricane Ida (Nov. 7-9, 2009)

480 mm of rainfall over 3 days, 360 mm in 5-hr

e Debris flows inundated 5 towns
e Over 200 fatalities; 60 people were never found

o Photo Credit: Fredy Cruz Centeno
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1.) Rainfall-induced shallow landslides (2 – 4 meter depth)
2.) Debris flows (250,000 – 400,000 m3) inundated five municipalies, Verapaz and San Vicente most heavily effected
122,000 individuals affected
3.) More than US$340 million in losses



UES-FMP Contributions to Subsequent
Disaster Risk Reduction Efforts

e Recognized chaotic, redundant aid efforts
e Acted as liaison between governmental and NGOs

e Solicited external help and reoriented research
priorities to contribute to new DRR efforts
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MTU PIRE: PCMI Program (3 MTU PCMI Volunteers in El Salvador)
Development of Peace Corps Response position and “Disaster Prevention and Mitigation” Training Program by Peace Corps
Tropical Depression 12E: October 2011
Transition to 9-month-long Fulbright to study slope stability/potential triggers, hydrological modeling, risk perceptions, and DRR institutions’ impacts in the region.

International Project Solicitation

Post-Fulbright, continue with PEER activities and exchange visits. 
Peace Corps Response – “Disaster Mitigation Specialist”
Korea International Cooperation Agency (KOICA)

Project Objectives:
Promote open communication and data sharing among DRR institutions
Coordinate multi-institutional field campaigns
Create a 5-month-long diploma program, titled: “Risk Reduction and Emergency Management”




Risk Reduction and Emergency
Management “Diploma”

1) Risk assessment and social/physical vulnerability

2) Disaster and Emergency Management Protocol
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Trained 54 local residents, governmental and nongovernmental practitioners, Peace Corps personnel, Civil Protection authorities, and others in:

Classes included lectures, field work for risk analysis and hazard identification, and computational components to generate maps in ArcGIS.
Knowledge transfer from other crisis experiences including: 2005 Eruption of Santa Ana and 2010 eruption of Pacaya Volcano, Guatemala
Students were certified in; 1) Management of Emergency Centers
		2) Management of Emergency Shelters
		3) Evaluation of Damages and Needs
		4) First Aid and First Response


Tropical Storm 12E

 Up to 1400 mm of rainfall (80% of
annual) over 12 days in San
Vicente

* Yellow/Orange Alerts for 10 days®™

e Certificate participants thrust
into real-life emergency
management
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Many areas received 80% of their annual rainfall average over the 12 day storm
Green-Yellow-Orange-Red
Centers for Emergency Management (COEs) were set up in each of the 5 municipalities, managed by local government representatives trained in “Diploma” program. 
First 3 days of 10 day “Alert Status” were chaotic, but ran smoothly after roles and responsibilities were defined with help of CEPRODE personnel.
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Partnerships for Enhanced Engagement in Research (PEER) 



Slope Stability Modeling

* Modeling showed Nat Hazards
. DOI 10.1007/:11069-014-1422-y
vulnerability of slope ORIGINAL PAPER
to rainfall

Hazard assessment of rainfall-induced landslides: a case
study of San Vicente volcano in central El Salvador

e Depth to water table
was most important

Daniel M. Smith * Thomas Qommen * Luke J. Bowman *

variable John S. Gierke - Stanley J. Vitton
Time| Cumulative | Factor of Safety

(h) |Rainfall (mm)|(Bishop Simplified)

1 | 0.8 1.556

20 93.8 1.391

30 117.8 1.381

35 332.0 0.910

37=% 431.8 0.796

40 443.8 0.930
100 485.2 1.413




Geophysical Surveys: Electrical
Resistivity & Seismic Refraction

e 2011 Tropical Storm 12E cracks inconclusive

* Perched water tables as potential trigger, but
insufficient rainfall in 2013 to see change B,
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Field work conducted in May and November 2013, marking the end of the dry season and end of rainy season, respectively.
2013 was considered a very dry year with respect to previous years, especially 2009 and 2011.
Surveys were conducted at 3 sites chosen due to their proximity to 2009 slope failures.
Though change in water table/soil saturation depth was difficult to identify, top layer of soil was found to be approximately 3 – 5 meters deep. 


() MAPA MULTIAMENAZAS
REGIONES VOLCAN SAN VICENTE Y LEMPA ACAHUAPA, EL SALVADOR, C.A.

Ongoing
Efforts

Dissemination of hazard maps

Surface Crack I\/Ionltorlng
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Initial workshop lead by the USGS/VDAP to train UES, UES-FMP, SNET, and others in debris flow modeling
Further training for Fredy Cruz at Michigan Tech, which was taken back to UES-FMP and CEPRODE to create new multi-hazard maps with more detail, spatial and cultural references, and 3D visuals to aid hazard communication
Maps were disseminated to local municipal governments, aid institutions, and schools


Remote Sensing and Modeling

e 6 Weather stations monitoring
precipitation

e Water-level monitoring in hand-
dug wells and the upper and lower
portions of the Rio Acahuapa

* Intensive workshop at Michigan
Tech, supported by PEER



Continuing Challenges

e Clunky virtual learning and
communication

e Equipment procurement & security

e |nstitutional Barriers
— Administrative and accounting

— Highly variable political climate within
government and institutions

Lessons Learned

 Formal agreements are important

* Frequent face-to-face engagement is
vital

e Careful listening on our part
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