[image: ]
[image: ]Unit 4 Fuego Factsheet
Monitoring Volcanoes & Communicating Risk Unit 4: Fuego Factsheet
Kaatje van der Hoeven Kraft (Whatcom Community College) & Rachel Teasdale (California State University Chico)
Below are the details on Fuego volcano in Guatemala you will need to complete today’s activity.
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Tectonic Setting
Fuego is a stratovolcano located in Guatemala, in Central America on the North American plate. Figure 1 illustrates the plates involved.
Information below is provided about Fuego in terms of the risks of an eruption. Risk is the chance of harm and the extent of that harm caused by a hazard. The risks associated with an eruption of Fuego are determined based on the hazards of the volcano- the events that can cause the harm, the vulnerability to damage (the factors about the area that determine how bad the damage will be) and value of the harm (e.g. financial or human damages). These factors are approximated with the Risk Equation: Figure 2. Fuego erupting in 1974 (Paul Newton, Smithsonian Institute)
Figure 1. Map of North American plate and Cocos plate illustrating plate motion (image modified from USGS)

Risk = Hazard x Value x Vulnerability
Hazard
Eruption Style and Background (including VEI)
Volcán Fuego (Figure 2) is one of Central America's most active volcanoes and is one of three large stratovolcanoes overlooking Guatemala's former capital, Antigua, however most of the eruptive products travel south from the volcano (Figure 3). Frequent vigorous historical eruptions have been recorded since the onset of the Spanish era in 1524, and have produced major ash fall events, along with occasional pyroclastic flows and lava flows. Deeply eroded channels help to constrain only the largest of flow eruptive products. Ash fall can extend for 10’s of kilometers, westward in the rainy season (May to October) and more varied in the dry season. Eruptions have ranged from a VEI of 1 to 4 through recorded history, but most are short lived in the range of hours. The higher frequency of these low intensity eruptions may create a false sense of security for the surrounding communities. 
Figure 3. 3D image of Fuego volcano, looking North, with surrounding towns and rivers leading from the volcano, Panteleon is to the west of this view (from Google maps).
Alotenango
Yepocapa
Rio Achiguate

Eruptive History
Recall that the Mean Recurrence Interval (MRI) = Elapsed time /# events. While that may seem straightforward, volcanologists still need to make decisions about what that MRI is based on the accuracy and completeness of the data. 
When accounting for all attributed events through time from both historical observation (some of which are deemed “uncertain”) and radiocarbon dating, the eruptive history ranges 3582 years and includes 79 eruptions. Whereas, when accounting for only historical observations that have been confirmed through time since 1524 to the most recent eruption that ended in September 2018, there were a total of 55 eruptions.
MRI (for all attributed events) = 3582/79 = 45.34 
Volcanic Hazards
Fuego has a history of a range of volcanic eruptive products ranging from ash fall that can damage crops, roofs, cause respiratory problems, puts airplanes at risk and can contaminate drinking water. Fallout is strongly influenced by prevailing winds (Table 1). Fuego can also produce pyroclastic flows, lava flows and lahars (see Figure 3) for the range of travel for each of these. 
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Figure 4: Hazard map of Fuego, modified from USGS.
Table 1 shows the thickness of ash at Fuego and the population density affected. Ash greater than 10 cm thick can cause roofs to collapse, particularly when the ash is wet from rainfall. 
	Quadrant
	Radius
	Max. Thickness
	Population Density*

	Western (more likely from December to May)
	15km
	20cm
	14,000

	Eastern (more likely from June to December)
	15km
	20cm
	60,000

	Western
	25km
	10cm
	49,000

	Eastern
	25km
	10cm
	429,000

	Western
	40km
	5cm
	364,000

	EasternTable 1. Ash or tephra fall projections from Fuego based on direction of fall and corresponding populations. Data from Vallance et al., 2001.


	40km
	5cm
	2,730,000




Value
The value component of the risk equation includes loss of human life as well as financial costs. Fuego is situated in the Sierra Madre Mountains where several minor and major towns lie downstream from this stratovolcano (figure 2). 
Population Density
[image: ]The region surrounding Fuego is a relatively densely populated area (Figure 5), but the distribution of population density is disproportionate. Populated areas are fairly dense to the east and northeast of Fuego near the location of the old capital of Antigua (population 45,699 as of 2013), near the neighboring city of Guatemala City (population greater than 1 million). There are still several significant towns to the southeast and southwest, the primary of which are Alotenango (population 15,848 in 2002) and Yepocapo to the west (population 31,520 in 2011). The table below shows populations within 5-100 km of Fuego. Figure 5: Map of Guatemala showing the population density for this region. Darker colors indicate more densely populated regions. The red triangle on the map represents the approximate location of Fuego.












Vulnerability
Infrastructure:
Bridges crossing rivers are particularly susceptible to being washed out by lahars. The period of frequent flooding and lahars is likely to occur up to 10 years after a larger eruption. The location and orientation of the Achiguate and Pantaleon river basins are particularly susceptible to lahar flows. Along both rivers there are bridges that are vital to road traffic as well as a railroad. Other tributaries that lead into these rivers can also inundate the river channel, resulting in larger widespread flooding. One of the challenges with all of this infrastructure is for individual towns’ to receive notifications of hazard warnings (Calder & Wolf, 2018) and then to mobilize if needed. More remote villages have a harder time evacuating or even knowing if evacuation is necessary. For example, the small village of Los Lotes lost 100’s of lives in the 2018 eruption due to a lack of evacuation knowledge, whereas, the larger town of La Reunion evacuated 2 hours prior to the large lahar flows resulting in loss of property but no loss of life (Calder & Wolf, 2018).

Poverty Index
Guatemala has seen recent economic growth as a result of efforts to change some of their economic policies. However, issues of unequal income growth results in high levels of poverty, malnutrition and maternal-child mortality rates, particularly in more rural and indigenous areas (figure 6). While Guatemala reduced its poverty rate from 56 to 51% between 2000 and 2006, recent calculations indicate that it rose to 59.3% in 2014 (World Bank, 2018). In addition, it suffers from a high level of crime, which destabilizes efforts to bring people out of poverty. Figure 4. Map of Guatemala showing poverty index for this region. Darker colors indicate greater levels of monetary inequity (or greater degrees of poverty) regions. The red triangle on the map represents the approximate location of Fuego.

Corruption Index
Corruption occurs when bribes are used to circumvent inspections and licensing processes along with other activities that compromise the quality of structures through covert activities (Ambraseys & Bilham, 2011). Regions that have higher corruption, are likely to have greater levels of disaster than those with equivalent poverty levels, but lower corruption. A Corruption Index was developed to compare different countries levels of corruption. Guatemala is ranked as the 143rd most corrupt country in the world out of 180 (where 1 is the least corrupt; Transparency International, 2017). 
Volcano monitoring
A reduction of risk exists the more one is able to monitor the volcanic activity and provide warnings to potentially impacted residents.  Along with hazard maps that inform ones ability to make informed decisions, at Fuego, there are both local and international organizations (Executive Secretariat of Coordinadora Nacional para la Reducción de Desastres (CONRED), INSIMUVEH (similar to the USGS), World Organization of Volcano Observatories (WOVO), along with partnerships with Michigan Technical University (MTU) and NASA) that are working to monitor the volcano.  These include radio communication networks, in which the radio bases report daily to CONRED’s radio central control office their visual observations on the volcanic activity (explosive eruptions, lava flows, lahars, ash dispersal, earthquakes, etc.) and the weather conditions. There are 14 radio bases at Fuego. In addition, there are webcams and 5 seismographs installed on location. (http://ovfuego-norte.geo.mtu.edu ). 
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