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1. Introduction
The main topic of this work is the impact of explosive volcanic eruptions on the anthropic system, at
both local and global scale. When an explosive volcanic eruption takes place, a huge quantity of
tephra is ejected. The coarse fraction is soon deposited at ground, while fine ash can remain airborne
from days to weeks.
Impacts of tephra deposition are quite well-studied. Ash deposition can damage to structures (Spence
et al., 2005a,b; ), lifelines (Johnston and Becker, 2001; Stewart et al., 2006), impact crops and kettle
(Neild et al., 1998), disrupt road traffic (Wilson et al., 2012) and cause the closure of airports
(Casadevall, 1993; Guffanti et al., 2009). Finally, massive tephra deposition can produce respiratory
problems on vulnerable subjects (Baxter, 1999).
There are only a few studies on impacts of atmospheric tephra dispersal. The main impact of ash
contamination in atmosphere is the disruption of aerial traffic (Guffanti et al., 2009). Impacts of
volcanic ash have been documented in the past (Casadevall, 1993), but underestimated until recently.
The volcanic eruption of Eyjafjallajokull (Iceland, 2010) produced the largest breakout of civil
aviation in Europe after the II World War. This event underlined the high vulnerability of aerial
traffic, and showed that weak eruptions can cause massive economical losses and affect the entire
society (Mazzocchi et al., 2010; Ulfarsson and Unger, 2010). It is therefore important to characterize
the active volcanoes, assess the expected impacts and improve preparedness.
This abstract will briefly describe the hazard assessment and impact estimation for a case-study:
Concepción volcano, Nicaragua. The idea started from a field trip to Ometepe Island (November
2010), constituted by the twin stratovolcanoes Concepción and Maderas. Concepción volcano has
been quite active in recent years (Delgado-Granados et al., 2006). Ometepe island is highly
vulnerable at a local scale, and the aerial traffic of the region is relevant for tourism and commerce.
An explosive eruption from Concepción volcano could produce serous consequences at both local and
regional scale. We perform the hazard assessment (Scaini et al., 2012) and assess the vulnerability at
local and regional scale. We produce hazard and vulnerability maps for local and regional scale. All
maps are produced through the open GIS Grass (Neteler et al., 2011) and Qgis (http://www.qgis.org/).
Having characterized the hazardous phenomena and the vulnerability, the impacts can be seen as their
“combination”, that is, the spatial overlap. The GIS, due to its enormous capabilities of handling
spatial data (Renschler, 2005), is especially suitable for this task. There are few examples of volcanic

hazard assessment (Felpeto et al., 2007) and impact estimation of tephra deposition (Biass et al.,
2012) based on GIS, while it has never been used for the assessment of tephra dispersal impacts.
The GIS-based visualization allows to identify the most impacted areas and assess the expected
impacts at local and global scale. The aim of future work is to produce impact maps at local and
regional scale. At the moment, we present some preliminary results and briefly discuss their
implication for local and regional risk management. We conclude proposing further developments for
the integration of GIS in the risk management process.

2. Hazard assessment
Hazard assessment is the procedure of characterization and modelling of the expected eruptive
scenarios. The hazard assessment methodology and its application to Concepción volcano is fully
described in Scaini et al. (2012). We run several simulations for each scenario, using the Fall3d
numerical model (Costa et al., 2006; Folch et al.,2009). Hazard maps are produced by merging the
results and calculating the probability for each point to be affected by a critical value of ash load or
concentration. We produced probabilistic hazard maps of ash load at ground for the critical values of
1 kg/m² (which corresponds to road traffic disruption, crops and kettle damages), 50 and 100 Kg/m 2
(collapse of weak and stronger buildings, respectively). Moreover, we produced maps of ash
concentration at different flight level, using the thresholds of 0.2 mg/m³ and 2 mg/m³ (restricted aerial
traffic and no-fly zone, respectively). Figure 1 shows the results of hazard assessment for the highermagnitude scenario (described in Scaini et al., 2012) for tephra load at ground. Figure 2 shows results
at Flying Level (FL) 050 and 150.

3. Vulnerability and impact assessment
The vulnerability and impact assessment are performed at local and regional scale. Ometepe Island is
highly vulnerable due to several factors. First, the fact of being an island increases the vulnerability.
The connection to the mainland mainly depends on private boat services, which is strategical for the
island communities. The situation of internal transportation is critical because the road networks is
constituted by one main circumambulation road and lacks of redundancy. Buildings are weak and in
their majority poorly maintained. Moreover, the steep flanks of Concepción volcano are likely to
generate landslides, especially during the rainy season. With a scarce transportation network and few
alternative paths, the occurrence of a landslides can cut a road and aisle entire communities. Figure 3
shows the vulnerability maps produced at the moment for the local assessment, synthesizing the main
features considered (population, roads, crops). From a regional point of view, the main strategical
airport of the area is Managua International Airport, located at only 100 km from Concepción.
Moreover, the new airport being built in Ometepe is clearly vulnerability due to its location. Having
identified the main airports of the area, it would be suitable to rank them according to their
importance. At the moment, data about passengers and freight traffic are not available for the area,
but we are starting a collaboration with local authorities.

4. Results and discussion
The overlap of hazard and vulnerability maps allows to estimate the expected impacts. Maps of
expected impacts cannot be produced at the moment. Preliminary results of local impact assessment
can be inferred from Table 1. Tephra deposition can produce damages to crops in the island and the
rest of the region. Moreover, tephra accumulated in the flanks of the volcano can produce landslides,
especially during the rainy season. The situation of the road network can therefore become critical.
The analysis of impacts is still ongoing and will likely produce an expected impact map, underlining
the critical areas.
Table 2 shows the probability of closure of the aerial space during an high-magnitude explosive

eruption at Concepción volcano. With data on aerial traffic, one could assess the number of disrupted
flights and the passengers stranded. It is worth to note the high impact of volcanic activity on the new
airport which is currently being built near the town of Moyogalpa. Moreover, some of the considered
airport are strategical for the Nicaraguan economy, especially for the tourism and the trade of
perishable goods.
This work shows the importance of GIS to display and analyse spatially-based information in the field
of volcanic risk-management. GIS enhances the communication process, improves the information
flow and supports decision-making. Finally, the use of Open Source GIS allows an advanced control
of functions and guarantees the interoperability with other programs.

5. Figures and tables

Figure 1: results of hazard assessment for tephra load at ground, for values of 1 (top), 50 (middle) and
100 (bottom) kg/m² respectively.

Figure 2: results of hazard assessment for tephra dispersal at FL050 (top) and 150 (down), for the
critical value of 0.2 mg/m³ (left) and 2 mg/m³ (right) respectively.

Figure 3: Synthesis of vulnerable elements at local scale. Strategical points and population (left) and
roads classification (right).
Ground load
San Jose del Sur
Esquipulas
Moyogalpa
Rivas
Granada

1 kg/m²
100
99
99
97
~0

50 kg/m²
99
98
91
56
~0

Concentration at FL050
100 kg/m²
98
91
79
46
~0

0.2 mg/m³
100
100
100
99
77

2 mg/m³
100
100
100
99
65

Concentration at FL150
0.2 mg/m³
100
95
97
86
74

Table 1: Table 2: Probability of having a tephra accumulation at ground of 1, 50 and 100 mg/m ³ at the
main airports of the region (results for high-magnitude scenario).

2 mg/m³
100
95
93
75
55

Managua Airport
Corn Island
Bluefields
Los Chiles
Liberia International
Riofrio Progreso
Barra colorado
Guapiles
Tegucicalpa
Tomalapa International

Concentration at FL050
2 mg/m³
57
36
40
34
30
22
22
16
~10
~10

Concentration at FL050
2 mg/m³
50
43
47
37
30
24
27
18
~10
~10

Puerto Cabezas

~10

~10

Table 2: Probability of having a concentration of 2 mg/m³ at the main airports of the region (results
for high-magnitude scenario).
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