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ABSTRACT

This report summarises the observations and irg&fons of a reconnaissance trip to central
Ecuador in November 2004. The purpose of the t@s wo investigate infrastructural and

agricultural volcanic impacts and volcanic hazardesgency management in Ecuador,
focussing on lessons for New Zealand. The teanudsd participants from the Institute of

Geological and Nuclear Sciences, the Ministry afildefence and Emergency Management,
the University of Canterbury and the UniversityQifgo.

In November 2002 a major ash fall from Reventaducano caused significant impacts on
Quito, the capital of Ecuador. Quito airport andsingchools closed for almost a week. This
followed ash fall from two eruptions in 1999 andnyalozens of earlier historic eruptions.
Quito is one of few large urban areas to feel tieces of volcanic ash falls in recent times
and the scale of the events there provides a urogpertunity to investigate both long and
short term impacts of volcanic ash falls on lifesnand urban communities. The town of
Bafios to the south of Quito has been in dangerrafimal (potentially lethal) volcanic
hazards from Tungurahua volcano, which has beeseruption since 1999, and on whose
flank the town sits. The 25,000 residents of Bafiese evacuated for nearly three months in
1999/2000. Towns and agricultural areas surroundingto and Bafios also regularly
experience ash falls and ongoing lahar hazards.

The following key observations resulted from thp:tr

* Monitoring staff need to be prepared for high levef stress, understand what their
and their equipments’ limitations are, and be mestdor long-term sustainability. Any
false alarms may reduce monitoring credibility grldce scrutiny and criticism on
those agencies. Direct relationships between mamgagencies and all responding
agencies prior to events is essential. The begbnsg occurs where those who need to
exchange information in an event have talked td esber ahead of time, and trust
each other.

» Clear planning at all levels of emergency managénsenecessary to pre-determine
the division of responsibility, and create an eowment that fosters cooperation. All
agencies with a stake in the hazard risk must bduded in the planning
conversations, including individuals from approfeiaoles. Local problems demand
locally developed solutions — support communiteslétermine their own solutions,
with expert advice regarding risks, and support@sdurces. Cultural beliefs must be
taken into account when planning for hazard respmn&xercises are critical to
improving planning, education, training and evahlabf effectiveness.

* Public education and training takes time and must donsistent, regular and
permanently ongoing. The more channels used theehitpe retention of information.

©lnstitute of Geological & Impacts and managemafmecent volcanic
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Education and training take time and need to bedakien within target communities,
customised to the audience of individual regiond aammunities, and in multiple
formats and languages. Committed locals are thet mifisient education tool an
authority can have, as they are trusted withinamdre of the needs of, their area.

* Water supply issues are discussed in detail, imedadcovering treatment plants,
flocculation, acidity, testing, supply-line vulnérdty, pump filters, community water
storage and boiling, sectorisation and redundandpirw networks. Rapid street
cleanup, and light rain stabilising ash, prevel#rge proportion of ash from entering
drains. Waste water pumps did not fail but requinedre regular maintenance of
filters and external mechanisms exposed to falksy, internal mechanisms were
unaffected.

* Overload is the largest telecommunication problemorted from ash fall in Quito.
There were no reported physical exchange problbaighe study group had no direct
contact with communications providers. Electriditgnsmission flashover has been a
problem; ash is cleaned from insulators with wateshing or heavy rainfall. Ash
damage to hydro-electric generation plants has la¢ésm identified in Ecuador as a
potential hazard to electricity supply down theeliftMinor’ concentrations of ash in
dams have caused no reported turbine blade damagEcwador, but lahars
overtopping or breaching dams is a significant hdiza

» Cleaning roads is essential for safety from thr@éeahds: (1) obscured road markings,
(2) direct loss of traction, and (3) raised-dustsiag nuisance and visibility reduction.
Vehicles reportedly operate well in Quito in asHl &nvironments, but air filters
require more frequent cleaning and/or replacentetuckpiling of filters for at least
essential service vehicles should be considerecghig windscreens of ash without
wiping will reduce scratch damage.

* Cleanup and ash disposal timing can be difficultlécide: when is an event ‘over?
Ash disposal is a huge issue that must be fullygtmened and pre-costed. Millions of
cubic metres of ash must be disposed of from aelasy that receives only
millimetres of ash.

* Quito’s airport and local airlines were consideyabffected economically by the
eruptions, due to the time needed to clean aiipfndstructure (especially runways)
and aircraft before normal operations could bemesii Detailed pre-planning could
save millions of dollars for these companies. Alilo ash on the runways was
stabilised through light dampening with water spdhyfrom trucks, it was not
saturated or even ‘wet’, as this inhibited sweepMgny airlines carry engine covers,
tarpaulins and adhesive tape to cover vulnerabteadi components in the event of an
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eruption. Plane cleanup using fire trucks spraywader took 10 to 15 minutes per
Boeing 737 (with flaps fully retracted), and fulersice checks were performed
afterwards. No abrasion or chemical corrosion weensafter ash had remained on
aircraft from 12 to 48 hours. Aircraft were moveging tow trucks rather than starting
jet engines. No problematic ingress of ash or wiat¢ne planes was noted.

* Impacts to livestock (mostly dairy cows in the st@dtea) include: tooth abrasion due
to mastication of ash; stock death and loss of itimmddue to ingestion of ash; and
loss of grazing potential due to burial by ash. réhis a need to plan for stock
transport and alternative grazing in the dairyingustry. A further effect in New
Zealand, maybe not noted in Ecuador, is milkingatetyy if electricity supplies
interrupted.

* The ‘burn’ of leaves was reported from the heahasi, but also may occur from ash
leachate. Rainfall washes leaves, but may not dieam adequately to make crops
saleable. Wind reduces ash collection on leavetaaash fall at night (which is less
windy) often has a greater impact. It was repotted tens of centimetres of ash may
kill all crops. A few centimentres of ash were rdpd to cause about 50% crop losses
in and around Bafos. Due to wider economic impattan eruption, markets may
dwindle even if crops are salvaged. Ash often pcedua long-term soil fertility
increase, but it reportedly takes about six to teigrars to get soil back to its pre-
eruption fertility in the study area. Covered flowevere still crushed by the weight of
ash on the covers. Younger plants, and those waitfet leaves, tend to fare less well
in ash fall environments.

The following topics were of interest on this resarssance trip, but information was not
available or the team were unable to discuss ih &it appropriate person or organisation:
waste water treatment; sweeper-truck performarglecammunications performance from
the industry itself; and the effect of providingittan material only in one language. Analysis
of human health impacts was beyond the scope dfithe

KEYWORDS

Ecuador, volcano, hazards, risk, reconnaissanceo,(®Bafios, Latacunga, Cotopaxi, Guagua
Pichincha, Reventador, Antisana, Tungurahua, lessodvil defence, emergency
management, lahar, ash, pyroclastic flow, agricelthorticulture, dairying
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1.0 INTRODUCTION

The mitigation of volcanic hazards requires dethkaowledge of the styles of eruption that
can occur and the potential hazard impacts that atayr from these. Detailed study of
overseas experiences of eruption styles, effectjitoring and mitigation will help New
Zealand manage future volcanic events. Study taseas affected by eruptions (both during
and after the event), can provide detailed inforomatvhich is relevant to New Zealand, as
such information is not generally published aboastoverseas eruptions.

This report summarises the observations and ird&fons of a reconnaissance trip in
November 2004. The purpose of this trip was to stigate infrastructural and agricultural
volcanic impacts and volcanic hazard managemeiicumador, with a view to seeing what
lessons could be brought back to New Zealand. @Gn#sdofrom the trip are presented with a
focus on lessons for volcanic hazard and emergeraagement in New Zealand.

In November 2002 a major ash fall from Reventaducano caused significant impacts on
Quito, the capital of Ecuador. Quito airport andsingchools closed for almost a week. This
followed ash fall from two eruptions in 1999 andnyalozens of earlier historic eruptions.
Quito is one of few large urban areas to feel tifects of volcanic ash falls in recent times
and the scale of the events experienced providesgaie opportunity to investigate both long
and short term impacts of volcanic ash falls ogliies and urban communities. The town of
Bafios to the south of Quito has been in dangerrafimal (potentially lethal) volcanic
hazards from Tungurahua volcano, which has beeseruption since 1999, and on whose
flank the town sits. The 25,000 residents of Bafiese evacuated for nearly three months in
1999/2000 (Mothes, 2000). Towns and agriculturaharsurrounding Quito and Bafios also
regularly experience ash falls and ongoing lahaatds.

1.1 Team Participants

The reconnaissance team spent the bulk of itsitintfee capital city of Quito and the town of
Bafios to the south, with visits to villages andagtural regions in between. Team members
included:

David Johnston Natural hazard and social resear@gntsst, Institute of Geological and
Nuclear Sciences

Graham Leonard  Volcanic geologist and natural fthzaientist, Institute of Geological
and Nuclear Sciences

Sara Williams Emergency management planner andpietier (Spanish), Ministry of
Civil Defence & Emergency Management

Jim Cole Volcanic geologist and natural hazardrase University of Canterbury

Kirsten Finnis Volcanic hazard social research PktDdent, University of Otago

Scott Barnard Volcanic hazard impacts Ph.D. stydémitversity of Canterbury

©lnstitute of Geological & Impacts and managemafmecent volcanic
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1.2 Itinerary

Below is a brief outline of the places the recomsance team visited, and the dates on which
they did so:

Based in Quito, Saturday Novembé&tt6 Tuesday Novembef"92004.
November ¥ Quito Defensa Civil: Marco Rivera

November 8 Instituto Geofisico, Escuela Politecnica Nacior®GEPN): Hugo
Yepes, Director; various other staff. Web: httpuwiwigepn.edu.ec/
Escuela Politecnica Nacional: Bernardo Beate, Rsufr of

Volcanology.

November 8  Quito international airport company

Agriculture association ‘Associacion de Ganadedss la Sierra y
Oriente® (AGSO)

Quito Defensa Civil (Education and Communication&ugenio
Martenez, Jefe Dept Capacitacion, Direccion NadialeaDefensa
Civil, eugeniomart@yahoo.com

Quito Civil Security: Ximena Jijon, Adminstrativdona Valle de los
Chillos, Jefe Zonal de Seguridad Ciudadana, Distvietropolitano
de Quito; Lorena Vinueza Ruiz, Directora Metrofmia de
Seguridad Ciudadana, Quito

Quito Emergency Office : Dr Alberto Maturana Paa¢ Director,
Oficina Nacional de Emergencia, Ministerio de Eneaiga, Quito

Water supply agency (EMAAP)

Based in Bafios November 12"
November 18 Latacunga Defensa Civil
November 11 Tungurahua observatory (IGEPN)
November 12 Javier Bermeo, Defensa Civil Bafios

Local hostel owner and community representative
Local farmer/tourist spa operator: Roberto Castill

! Meaning ‘Association of Cattle Raisers of the Mttns and East’ in English, although they also suppiber
types of agriculture.

©lnstitute of Geological & Impacts and managemafmecent volcanic
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2.0 OVERVIEW OF VOLCANO HAZARDS IN ECUADOR

2.1 Ecuador’s volcanoes

Ecuador lies to the east of the tectonic plate Haon where the Pacific plate is being
subducted below the South American plate. The dgeing Pacific plate gives off a small
amount of water below Ecuador, allowing a littletleé mantle below the country to melt, rise
as magma, and erupt as a chain of volcanoes (Figlrhis is part of a patchy chain of
subduction volcanoes that stretches from Ecuadough Peru and Bolivia to the south of
Chile, parallel to the plate boundary.

|
—Cuicocha E I

Imbabura I
e COLOMBIA
Pacific

| Ocean Cayambe

Reventador | Pre-historic activity little known but very important

Pu/u/ahuaj m .

G. Pichincha m
Ninahuilca E j I

Cotopaxi

Quilotoa E I

Tungurahua W
Chimborazo E, l

Pre-historic activity little known but very important

ECUADOR )
Antisana

Q= Quito, G= Guayaquil, R= Riobamba, C= Cuenca
Sangay

| | |
I I I

6000 3000 2
Years before present 500 §
Figure 1 Map of Ecuador’s volcanoes and chart of eruptive tstory. Modified from

IGEPN volcanoes brochure.

Ecuador’s volcanoes lie along a north-elongatedZorthe central highlands of the country.
Quito lies at about 2850 metres elevation and sdwéithe volcanoes reach over 4000 metres
(such as the well known Cotopaxi at 5911 metretle €rupted magmas range from hot
fluidal basalts (as seen at Auckland and NorthMaltanic Fields in New Zealand) to cooler
more viscous rhyolites (such as those erupted fi@upo and Okataina areas in New
Zealand). Rhyolitic eruptions form lava domes amatblera volcanoes. They are relatively
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infrequent, usually every few thousand years froma active area, but are the most explosive.

The most frequent Ecuadorian eruptions (every feary to tens of years) occur from the
andesitic strato-volcanoes (cone volcanoes). Atekesire relatively hot and fluidal, and can
produce many relatively gentle lava flows. Howewtbg majority of eruptions are explosive
producing ash falls and often pyroclastic flows. apehu, Tongariro (including Mt
Ngauruhoe) and White Island are the most activeesitid volcanoes in New Zealand, and
display similar characteristics and frequency ofpépns to those in Ecuador.

Pacific
Ocean

El C‘arazrfn :""
el 1M
chea, ) Telimbela Amazon
2°g Bal= “a/'d ‘ JPungald
Alao //
zf(mai'u v 0 ]0{] km
Cnﬂrmnbn
| #°8 /Pt’&’s:
h / Continental terrane
10 :E Oceanic terrane
i RF I’m-c‘hu 'ﬂ" 1_2' 8. Lmus = (Crustal fault/suture
Lo /S I F‘m‘wl/ . LO_]a ' — Other major faults ~3
7 Tahum @3 ;
)f El ’H'W ®  Mineral deposit (1-13)
'_;‘ ELM intrusion
™ PERU Pm rmfm( la »  LMR intrusion
el ] |
Figure 2 Geotectonic map of Ecuador (from Chiaradia et al.2004). Lines represent

major faults and fault zones CPF Calacali-Pallatanga-Palenque faultPF
Peltetec suture,BF Bafios fault, CMPF Cosanga-Mendez-Palanga fault,
CF Canar fault zone,CFZ Chaucha fault zone JF Jubones fault zoneRF
Raspas fault zone).

In addition to volcanic hazards, thrust earthquakage caused significant damage in the
central highlands and are an ongoing hazard @&faat lequal risk. Ecuador’s central highlands
area is elevated because it is under compressiorgndby the forces of the two tectonic

plates pushing against each other. As a result, Ifaes cross the entire country (Fig. 2). The
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compression creates stress on these oblique siifkéaults that is released in earthquakes,
each of which thrusts the central highlands alitigher above sea level. Bafios, for example,
has had damage from two recent magnitude 6.8 ermkleg nearby, in 1987 and 1998 (Marco
Rivera pers comm., 2004). Very large (> magnitudea8thquakes are also felt from the plate
interface offshore to the west. These offshorehgaidkes are broadly analogous to the Alpine
Fault setting in New Zealand.

Hot springs and fumaroles are common around Ecisgadodesite volcanoes and geothermal
power exploration has been conducted over at temstireas. As yet no geothermal energy is
being used to generate power, but commercial hongsiied baths have operated in many
places for centuries.

2.2 Volcanic history

Figure 1 gives the historic record of eruptionsrfr&cuador’s volcanoes, going back about
6000 years before present. Native and colonial lesdp settlements throughout the country
have experienced the effects and products of eiitiese volcanoes at some time or another.

According to hazard models developed in many c@sjtgenerally settlements within tens of
kilometres of a volcano may experience pyroclaties, lava flows, lahars and thick ash
falls, whereas more distant locations may expedd¢hmner ash falls, depending on the wind
direction. Internationally, some valleys and flqueins may experience lahars more than 100
km from the volcano. The most recent eruptionsfteca Quito and Bafios have deposited
around 5 mm of ash there.

Ecuadorian volcanoes which have been active siboeital800 AD are described below,
together with details of the most recent event freach (Siebert and Simkin, 2002), and
additional details from Geophysical Institute EdaudPolitécnica Nacional Apartado
(IGEPN), Quito, Ecuador (URL: http://www.igepn.eely):

* Antisana: This volcano last erupted in 1801-1802 with lal@avé and explosive
activity; it lies southwest of Cotopaxi.

« Cayambe: A massive isolated compound stratovolcano locatetheast of Quito. Its
southern flanks lie astride the equator, and itapped by glaciers, which descend
down 4,200 m on the eastern Amazonian side. ThdemoNevado Cayambe
volcano, constructed to the east of an older vadcaomplex, contains two summit
lava domes with several other lava domes on theewpgianks. A prominent
pyroclastic cone feeding thick lava flows that eded about 10 km to the east.
Nevado Cayambe produced frequent explosive eruptioiming the Holocene, with a
single historical eruption in 1785-86.
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» Cotopaxi: Symmetrical, glacier-clad Cotopaxi stratovolcanocapped by nested
summit craters and is Ecuador’s most well-knowrcanb, and one of its most active.
Deep valleys scoured by lahars radiate from thensitirand large andesitic lava flows
extend as far as the base of Cotopaxi. The modemnical volcano has been
constructed since a major edifice collapse somepna to about 5000 years ago.
Post 1800 eruptions include: 32 episodes in th®4,8Men in 1903-1904, 1905, 1906,
1907, 1908-1914, 1922, 1926, 1931, 1939, 1940 84@.1The most violent historical
eruptions took place in 1744, 1768, and 1877. &Mgstic flows descended all sides of
the volcano in 1877, and lahars travelled more tt@éhkm into the Pacific Ocean and
western Amazon basin. Lahars have destroyed Liagmcon the western ring-plain
twice in recorded history. Cotopaxi is in an uneeéeristic period of quiet since the
1940s. It poses a loss-of-life hazard in lahars posskibly pyroclastic flows to the
suburbs and rural areas around Quito, and thesedisaypt lifelines to Quito itself
(especially roads and water supply lines). Pyradicaows (often confused in
historical accounts with lava flows) have accompdninany explosive eruptions of
Cotopaxi, and lahars have frequently devastateatadi valleys.

« Guagua Pichincha: Together with the older Pleistocene Rucu Pichincha
stratovolcanoes Guagua Pichincha forms a broadarmmc massif that rises
immediately to the west of Quito. The central vBes within a 6 km-wide slope
failure of Guagua Pichincha, which occurred 50,96@rs ago. It produces explosive
activity with pyroclastic flows accompanied by patic growth and destruction of the
central lava dome. Post 1800 eruptions: 1930, 129683, 1939, 1981, 1982, 1985,
1990, 1993, 1997 and 1998-2001, with a further iptssphreatic (steam only)
eruption in 2003. In 1999 ash affected Quito andlrareas. Varying winds with
different directions at different elevations, andition over 2-3 days complicated
preparation and response in Quito. This volcanisagje continued until 2001, but did
not drop any further significant ash falls on Quito

» Reventador: This is the most frequently active of a chain @u&dorian volcanoes
well east of the principal volcanic axis. The f&ie#l stratovolcano rises to 3562 m
above the remote jungles of the western Amazomba&i4-km-wide edifice collapse
is partially filled by a young, un-vegetated stratlzano that rises about 1,300 m
above the collapse floor to a height above theapsk rim. Post 1800 eruptions
include: 1843, 1844, 1856, 1871, 1894, 1898-19@3,21 1926, 1929, 1936, 1944,
1955, 1958, 1960, 1972 1973, 1976, and 2002-20@8eador lies in the remote
jungle about 90 km east of Quito. In November dd2@sh affected rural areas and
Quito; the ash was tan coloured and very fine g@aisilty), and deposited 2 to 5 mm-
thick in Quito.

e Tungurahua: A steep-sided stratovolcano that towers 3 km abtsvaorthern base.
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Post 1800 eruptions include: 1857, 1885, 1886-188®0, 1916-1925, 1944 and
1999-present from summit crater including stronglesions (sometimes sudden and
violent) and sometimes lava flows, lahars and pgsic flows reaching popular

tourist areas at the base. The eruption from 1898dsent periodically affects Bafios
and rural areas with ash. There is a potentialaioars and pyroclastic flows in many
catchments, including through western Bafios towmshi

2.3 Overview of case study settlements

This section presents a brief overview of the thoase study settlements (Quito, Latacunga
and Bafos) and the rural area surrounding thempfalhich were visited as part of this
project. Details of the settlements are summan§éddpedia (2005) and discussion with local
civil defence personnel.

2.3.1 Quito

Quito is the capital city of Ecuador in northwest&outh America. It is located in northern
Ecuador in the Guayllabamba river basin on theeeastlopes of the Guagua Pichincha
(about 20 km from the summit) an active stratovetcan the Andes mountains. At 2850 m
above sea level at the Plaza de la Independenaitg @ the second highest capital city in the
world. The population of Quito, according to thesnececent census (2001), was 1,399,378.
In 2005, however, the estimated population was 888, an increase of nearly half a
million. The area of Quito is approximately 290 kraAd is located about 22 miles south of
the equator. Due to its altitude and location, ¢henate in Quito is mild to cool, fairly
constant all year round. There are only two seagoi@uito, summer (the dry season) and
winter (the rainy season).

All of Quito city can expect ash fall from neighlsong volcanoes from time to time. As
mentioned above, the 1999 eruption of Guagua Rsbhirand 2002 eruption of Reventador
have most recently supplied millimetre-thicknessésash to the whole of Quito city
(Figure 3). The “valley” suburbs to the south, hotoeat least 0.2 million people, are also
subject to lahar hazards from Cotopaxi volcano.

The reconnaissance team focussed on the infrasteughpacts of ash fall (discussed in
Section 3) and urban volcanic hazard civil defemeergency management issues (discussed
in Section 5) within Quito.
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Figure 3 Two volcanoes close to Quito have been active inetHast 200 years.
Above: Cotopaxi viewed southeast over Quito’s souénn ‘valley’ district;
below left: Guagua Pichincha viewed east over Quit® airport. Quito sits
directly at the base of the latter volcano (left-had photos from
wikipedia.org); below right: Guagua Pichincha eruping in 1999, viewed to
the west over the suburbs of Quito (Photo courtesyf «GEPN).

2.3.2 Latacunga

Latacunga is the capital city of the Cotopaxi Pnoe, 89 km south of Quito, near the
confluence of the Alaques and Cutuchi rivers torfohe Patate. The population of Latacunga
is about 50,000, largely mestizo (mixed Spanispinyiand indigenous.

Latacunga is an hour and half south from Quitor@nRan-American Highway. It is 2,760 m

above sea level, and its climate is often relagiwelld and windy, owing to the neighbouring

snow-clad heights, and barren, pumice-covered laiileon which it stands. The active

volcano Cotopaxi is only 25 km away, and the tows Buffered repeatedly from eruptions.
Founded in 1534, it was destroyed four times byheaiakes between 1698 and 1798. The
neighbouring ruins of an older native town are $aidate from the Incas.
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Latacunga’s economy is dependent on agriculturd, floriculture. It has an international
airport that is used as an Air Force base and déonesspecial commercial flights. The
presence of volcanic activity has led to the acdatan of pumice deposits which are
currently mined, as well as the presence of nagpatkling water, which is bottled under the
brand name San Felipe.

Latacunga lies within the range of significant (@etres) ash fall from Cotopaxi and
Tungurahua, as well as more distal fall from otbemtral Ecuadorian volcanoes. The city is
built across the river Patate, which is a direttalapath from Cotopaxi (Fig. 4). A large
proportion of the city is within the area of histolahars.

Figure 4 Civil Defence lahar hazard map of Latacunga, showig the high and
moderate lahar danger zones (orange and yellow, ngsctively) over the
street layout; much of the city is at risk.

2.3.3 Bafos

Bafos de Agua Santa (Spanish for Baths of Holy Yyaga town in the province of
Tungurahua, in central Ecuador. Bafos is the seooost populous town in Tungurahua,
after Ambato, and a major tourist center. It iswnas the "Gateway to the Amazon", as it is
located on the Pastaza River in the Amazon RiveirBa
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Bafios is sited on the northern foothills of the Jumahua volcano. It is named after the
hydrothermal springs of mineral water located adbtime city. The city is also a Roman

Catholic religious centre, as some Catholics beligat the Virgin Mary appeared nearby at a
local waterfall.

Bafios lies on a terrace of pyroclastic flow andatabdeposits formed from Tungurahua
eruptions (Fig. 5), with additional lahar mater@ntributed from Cotopaxi volcano. The
western part of the town lies within a valley irst@ep catchment feeding pyroclastic flows
and lahars directly from the summit of TungurahBgroclastic flows travelling down this
valley could easily spread out to engulf most doo&the town. Lahars from this valley may
also affect an area of the town more significaantkthe valley area itself. Bafios has in total
received centimetres of ash from the 1999 to ptemmiption of Tungurahua, and continues to
get dustings as often as weekly. Local doctors lzenexdotally reported greater than normal
incidences of some cancer types in the town, dpuotimes the expected rate, but the cause
has not been determined.

Figure 5 Above: the path of lahar and
pyroclastic flows from Tungurahua summit
(in cloud) that could potentially devastate
western Bafios (foreground and out of frame
to left) at some future time.. Right:
Tungurahua erupting in 2003, as seen from
the slopes of the volcano. The town of Bafios
lies at the northern edge of these slopes.
(Photo IGEPN)
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2.3.4 Rural areas

There are about 500,000 people in lahar-affectedsam the central highlands of Ecuador.
Most of these people live in small rural commumsitee on isolated farms, many of which are
in the catchments of Cotopaxi and Tungurahua. Stheeonset of the 1999 Tungurahua
eruption there have been widespread agricultufates from ash fall, and some disruption of
transportation due to lahars. Many of these comtimsnare at high risk from future larger
lahars and pyroclastic flows, as have previousguaed from both volcanoes.

2.4 Volcano monitoring and warnings

The Geophysical Institute Escuela Politécnica NaaicApartado (IGEPN) is Ecuador’'s
official agency in charge of volcano monitoring. eTinstitute is government funded with
additional support from foreign aid and researclkenages. It resides within the Escuela
Politecnica Del Ecuador, a university in Quito.

Monitoring involves the use of seismographs, pnesssensors, ground deformation,
geochemical, thermal and visual data (Fig. 6). Talep have direct international contacts to
warn and receive warnings of ash fall from erugionneighbouring countries. For example,
Peru contacted IGEPN in Quito directly in the i&stlarez eruption (2004).

pepey

Figure 6 Computer and smoker-drum monitoring and recording d radio-
telemetered seismograph data at Instituto Geofisicom Quito. Earthquake
locations are calculated here and Civil Defence islerted to those
indicating eruptions. Staff and students are rostezd to provide a constant
monitoring presence.
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Seismograph data is telemetered in near-real-tirmeradio to Quito, and in the case of
Tungurahua, also to the IGEPN'’s local observatgugt off the northern flanks of the
volcano. Earthquake locations are fixed on compbyestaff and graduate students rostered
as round-the-clock staff at the Quito office. Seagnaph data, as well as being stored on
computer, is plotted on smoker drums as it arrii@seasy visual monitoring of earthquake
activity.

Regular geochemical measurements are taken byfhamdumaroles, and atmospheric SO
is monitored by remote-sensing using COSPEC equiproa a fixed-wing aircraft. The
aircraft is also used for visual observations whistibility is good. Staff at the Tungurahua
observatory visually monitor its summit, and prevail production and exploration personnel
also provide visual information to IGEPN on the c@enjungle-situated Reventador volcano.

Satellite thermal imagery is used to monitor brbadt flux, and near-real-time telemetry of
this data is being trialled at the Quito IGEPN cfi

Information on eruptions, and predictions of polesiiature eruptions, is transferred directly
from IGEPN to Civil Defence, airport, water, elécity and security authorities. Ash fall
warnings are given when possible, but changing wiinections, or different wind directions
at different heights as experienced during the @adgchincha eruption in 1999, can make
such forecasting difficult. Warning sirens are afistd in neighbourhoods around Quito, and
can be triggered by Civil Defence to alert of aah f

In November 2001 Cotopaxi produced three monthslefated seismic activity, but there
was no eruption. At the time of this visit in 20@&e staff and sixteen students were involved
with monitoring and studying Cotopaxi to understéimel implications of such swarms.

2.4.1 Reventador eruption in 2002 — an example of monitamg procedure

Seismic activity began eight hours before theZ2@fuption of Reventador (starting on the

3 November). There is one seismic station in theleral, but because of the remote jungle
location the next station is many kilometres awalhough there are always two people on

duty they may be students rather than expert safl, thus less experienced at recognising
eruption precursors. The seismic activity starte@am, but three key senior people were
unavailable because it was a public holiday inrgggon. An initial magnitude 4.1 earthquake

could not be triangulated because of a lack ofastat and duty scientists did not recognise
the tremor until 6am. At that point they were afglaletect tremor on the seismic record back
to 2am. At 9am a pyroclastic flow travelled 9 krarfr the vent, and the pyroclastic eruption it

formed from was detected in the telemetered seisapbgdata. (Marco Rivera pers comm.,

2004)
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Despite a delay in recognising the tremor, onceraption had been detected warnings were
issued at around 10am. Meteorologically based aklfiefecasts were released by IGEPN and
reportedly matched real distribution acceptablylwel
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3.0 INFRASTRUCTURE IMPACTS AND RESPONSES TO ASH FALLS IN
QUITO

One of the principal aims of the visit to Quito wis determine how infrastructure was
affected by ash falls of 1999 and 2002, and whatptdions have been made to this
infrastructure to minimise future impacts. Infrasture components include water supply and
treatment facilities, electrical, buildings, transfp communications and information
technology. In addition information was sought @ @isposal methods and their costs, as
well as emergency management structure, procedmce$acilities. The findings presented in
this section result from many useful discussionghwaity officials directly involved in
management of ash disposal, as well as contact seigntists, water and airport company
employees, and our own observations during the we€kuito.

3.1 Wastewater

Much of the ash that fell in urban areas in bothpgons was prevented from entering storm
water drainage systems, partly due to rapid clgamyuresidents and the military, but also
because of light rain that stabilised the ash ratih@ washing it into drains. Those drains
that were blocked were cleaned using high presswater and brooms (where access
permitted). No damage was reported to pumps, bereased maintenance was required.
There were a few barrios (street blocks) where gh@sh moved into storm water systems to
cause localised flooding after the eruption (PAHXDP3). Local calculations suggest that
about 300,000 tonnes of ash was shovelled frormslriai Quito after the 2002 Reventador
eruption (Fig. 7).

Figure 7 Streets are swept by hand in Quito, and ash enterstorm water drains
causing some blockage, but no damage to storm watpumps has been
recorded. Ash is removed by trucks, so only a smafproportion enters
drains.
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Quito did not treat its sewage as of 2004 (EMAARrspcomm., 2004). The region of
Oyacachi, 45 km from Reventador, was reported byH®A2003) to have suffered some
damage to its sewage treatment plant. Pipes imxltation lagoon were obstructed by ash,
and the oxidation process failed, resulting inrargg smell being emitted from the lagoon
(PAHO, 2003).

3.2 Water supply

Water supplies in Quito are controlled and mairgdiby EMAAP, (Empresa Metropolitana
de Alcantarillado y Agua Potable). Water is treateding chemical separation,
polyelectrolytes, flocculation (A8OQy) and is filtered by sand and anthracite. Many wate
treatment plants in Quito have had covers builtrdiem specifically to protect them from
volcanic ash fall, others were reported to be ssafclly covered with plastic tarpaulins
immediately prior to ash fall. Ash did enter thetevasupply (pre-treatment facilities) during
the 1999 Guagua Pichincha eruption. The ash had af 5.5, lowering the pH of the water
and making it less potable; to compensate for @@§OH) was added. No other treatment
was required to maintain potable water standardhysiPal (turbidity, colour), chemical
(pH/alkalinity) and bacterial analyses were perfednirequently (every two hours) to ensure
water supplies remained potable (PAHO, 2003).

The increased sediment load caused by the ashiredran the water supply necessitated
more frequent cleaning of treatment plant filtd&kather than 8 to 10 hour intervals, cleaning
took place at intervals between 1 and 6 hours.fidguency was determined by the quantity
of suspended ash and thus the rate of accumuldionculation takes longer with greater

sediment load, but water supply rate limitations ba overcome by increasing the amount of
flocculent used. To ensure demand is met extratdllent should be stockpiled.

Water supply lines from dams to the east of QUR94% of the city’s supply) are likely to
be broken by future lahars from Cotopaxi volcanarkVon bridging channels with the pipes
is currently under way at a local university. Quiiater supply had only a 10-hour storage
capacity in 1998. Centimetre to decimetre thickassx ash would probably create too much
turbidity to be flocculated. A delay while this ged in reservoirs would be necessary. These
thicknesses might occur in a Cotopaxi eruptioncdiiigg the dams in its catchment. These
supply about 30% of Quito’s water supply, but EMAAé&I this could be replaced by
groundwater supply options in the short term.

An EMAAP public information campaign asks the p@iidn to sweep ash away, rather than
washing it away, in order to conserve water. Aiesnin previous eruptions, water supply has
been diverted around the treatment plants to meeatadd and protect the plants from
suspended ash. Public education was needed toeathas the untreated water was not
potable. There had been a cholera epidemic in Quitt991-92 so the practice of boiling

water was familiar and well executed. EMAAP stafited that crises build resilience and
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personal stockpiling; Quito suffered water shortage1990s and as a result approximately
50% of households have a backup water supply an pheperty. The plant and distribution
network is sectorised and interconnected, providadundancy if some areas and/or plants
fail.

Some other regions outside Quito reported a rahgeter supply disruptions, including ash
contamination (turbidity and pH), loss of water glypdue to electricity supply/transmission
failure, and direct physical impacts to treatmdants (PAHO, 2003).

3.3 Communications networks

Physical impacts of ash on telephone networks weteobserved. However the increased
usage of telephones by the inhabitants of the Ciga during the 2002 Reventador eruption
caused the exchange to overload, temporarily @uttommunications which rely on
telephone lines (Marco Rivera, pers. comm., 2004).

3.4 Electricity supply

Electrical flashover, leading to temporary lossel#ctricity supply, was caused by damp ash
accumulating on insulators and transformers dutitegg2002 Reventador eruption. The ash
was dampened by the high humidity rather than a#linRain on the following day was
sufficient to wash the ash off electrical supplyipment. This was the only type of damage
to electrical supply systems recorded in Quito @#aRivera, pers. comm., 2004), and
elsewhere in the central highlands (PAHO, 2003).

There is a substantial hydro-electric generatiom dimwnstream of Bafios, which is in the
path of lahars from both Tungurahua and CotopakkeyThave had no known turbine blade
damage from ash fall because it is diluted in rweter. However, civil defence personnel
expect that this dam will fail under future lahanpact, placing at risk roading and
communities downstream of the dam (Marco Rivers.pmm., 2004).

3.5 Transport networks / roads

Many residents in the Quito area remained indoarind the ash fall from the Reventador
eruption (Marco Rivera, pers. comm., 2004). Follgvthe ash fall, vehicle circulation in
Quito was reported (on thé"4f November) to have been banned, except for ezneigs
(PAHO/WHO, 2002). As ash fall is not an uncommortwoeence in Quito, residents are
familiar with many of the traffic hazards assoaibwgth volcanic ash, which includes reduced
visibility due to ash billowing from tyres. Whilesh created a slippery surface on the roads,
most drivers exercised caution. Another reportedirbazard from ash fall is obscured road
markings (Fig. 8).
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Figure 8 Road markings were obscured by ash fall from Reveatlor in 2002
throughout Quito. Buildings and properties were claned and ash
shovelled into bags placed in the streets for pickuby city trucks (Photo
courtesy of Quito airport).

3.6 Airport / Air Traffic

Quito’s international airport (Aeropuerto Internaal Mariscal Sucre) is the main airport for
Ecuador. Approximately 25 international and 50 dsticeflights operate daily through this
airport, in addition to cargo, military and privdbghts.

The airport was subjected to ash fall from receapons of both Guagua Pichincha (during
October to December 1999) and Reventador (in Noeer2002) (Fig. 9). On three occasions
the airport has been forced to close for 7 to Iy da order to clean ash from the runways,
airport infrastructure and aircraft grounded oe sliiring the eruptions.

During the Guagua Pichincha eruption in 1999, ZBitam of ash was twice deposited on

Quito airport; the 2002 Reventador eruption resuitea 4mm covering of ash. In all cases
grounded aircraft were covered by ash (Fig. 10)2002, the airport was given 5 hours of

warning (9am warning from IGEPN), but no mitigatizwas initiated at that time. The airport

was closed one hour before ash began to fall. Regggponse was required to protect
vulnerable parts of the aircraft parked on thewaxis and aprons of the airport. Aircraft nose-
cones and windshields were covered by tarpauliasding gear, engines and pitot tubes were
also covered (all plane baggage compartments cormagine covers). Wings were not

covered, but all flaps/spoilers etc. were fullysed/retracted.
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Figure 9 Two to four millimetres of ash has fallen on Quitcairport twice in the last
6 years

Figure 10  Average jet airliners were able to be cleaned by gh-pressure water
blasting from standard fire appliances in 10 to 15minutes. No water
ingress was detected, and no leachate or abrasiorardage was noted.
Aircraft maintenance experts were on hand to monito effects. Note the
covering of engines and nose cone prior to ash fall

Ash adhered to the aircraft, but was dry enougbetoemoved by a person blowing on it. The
ash remained on the aircraft from 12 to 48 houepedding on when crews cleaned each
aeroplane. Aircraft were moved with tow vehiclethea than starting jet engines or auxiliary
power units in the presence of ash. Cleaning wa®mpeed using high pressure water from
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an airport fire truck, and flaps were kept fullytreeted during this process. This only took
around 10 to 15 minutes for a medium sized passemgeaft (e.g. a Boeing 737). After
cleaning, full service checks were preformed orhezfcthe aircraft to ascertain whether any
damage had been sustained. No abrasion was skamdmccurred when the ash was washed
off with the fire hoses. Similarly, no ingress shato the interior of wings etc. was observed.
No corrosion was noted, though this was unlikelyvaay as the ash remained dry while on
the aircraft. The tarpaulins (secured by adhesapge) were successful in protecting the
vulnerable parts of the aircraft. An Airbus repraséive from Miami flew in to oversee the
cleaning and assess any ash damage. Authoritiesl steat they did not need to open up the
engines for inspection, but full ‘service inspensbwere conducted.

Cleaning of airport buildings and other infrasturet was performed manually with brooms
and shovels. The maximum of 4mm of ash that felltlos airport during both the 1999
Guagua Pichincha and 2002 Reventador eruptions n@assufficient to cause structural
damage to buildings. Air-conditioning units weret nostalled at the airport at this time.
Airport infrastructure proved to be robust enougtstirvive the ash fall undamaged. While
ash blocked storm-water systems in some parts eofciy in 2002, this problem was not
significant at the airport — not enough rain fdllitee airport in the hours and days after the
eruption to cause blockage.

Cleaning the runways and aprons was the most tonswming task related to the ash fall.
The runway at Quito’s Mariscal Sucre airport is @apgpmately 3100m long by 46m wide. The
taxiway is of similar dimensions. This gives a grduarea of over 285,006no clean. In
each eruptive case (once in 1999 and twice in 208X) labourers with brooms performed
the runway cleanup, in the absence of availablehmacy (Figures 11 and 12). In some cases
workers were provided with masks, however, mosviped their own protection. Ash on the
green areas around the runways was sprayed wittr fvatn a water tanker to prevent it from
being remobilised onto the swept areas. A coagulathemical supplied by Continental
Airlines and sprayed with trucks was reportedlydugestabilise ash in these green areas. The
on-tarmac ash being swept was only slightly damgeméth tankers every 30 minutes), as
wet ash was found to become sticky and thus mdfieui to clean up. The time taken to
clean the runway and taxiway was at least 7 dagsah eruptive case, for 500 men working
15 hours per day (i.e. the daylight hours). Thisatgs to 52500 hours spent sweeping and
bagging ash. On average each worker could thus @ezsund 5.4mper hour, including the
time taken to bag ash and load it onto a truclkettalzen away.

After the ash fall in 1999, sweeper trucks weredhaiby the Ecuadorian equivalent of Civil

Aviation (DAC). In 2002 part of the airport was risderred to the city to manage and
unfortunately the trucks were unable to be usetthén2002 ash falls for political reasons, so
they have not been tested.
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Figure 11  Five hundred workers took at least seven days toesr the runways with
brooms, working for 15-hour shifts.

B

|

Figure 12  Ash was bagged in place then removed by truck.

These interruptions to normal service caused afgignt loss of income for both the airport
and for carriers, especially local airlines. Theati-up itself was comparatively cheap; in
Ecuador labourers were hired cheaply (probably W8715S100 cents per hour; thus less than
about US$50,000 in total).

The national airline in Ecuador (TAME) was partemly affected by the 2002 Reventador
eruption. Seven aircraft were trapped on the grdanthe duration of the eruption and clean-
up. These represented a large proportion of tHmels total fleet of 11. While advanced
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warning times may have given the airline companyentimne to move the aircraft, this would
also depend on the availability of pilots to fletplanes.

In terms of air traffic control, and the decisiam ¢lose the airport, Ecuador’s Direccion
General de Aviacion Civil (DAC) is the decision-neakThis body is in communication with
IGEPN and the Ecuadorian meteorological servic&RES also communicates directly with
Volcanic Ash Advisory Centre (VAAC) in Washingtonthé local centre), which
communicates internationally. IGEPN staff notedt ttee decision-making process was not
well established, with some convincing requiredged the airport closed. In terms of risk
management, it should be noted that while inteonali carriers can cope relatively easily
with one airport closure, local carriers are marnteriested in keeping airports open, to a
higher risk threshold, given the larger proportadriheir fleets potentially grounded.

3.7 Vehicles

Vehicles were not greatly affected by the eruptionterms of damage. Quito’s water supply

company EMAAP, as well as local taxi drivers, répdrthat some of their vehicles had

problems with fuel injectors and carburettors aalsamounts of ash managed to get through
the air filter. These problems were easily rediifigith regular maintenance of vehicles. This

included regular filter changes and tuning. Windsas were often scratched by wiper blades
used to remove ash. One of the reconnaissanceddari’drivers reported abrasion to his

windscreen and he had to change his air filter sotman if there had been no ash fall.

3.8 Domestic cleanup

Domestic cleanup in Quito is reported to have ashand efficient, with better performance
in 2002 given the experience of the 1999 ash Bakrio (block) volunteer workers/leaders
helped those within their area who had physicdiadifty, most commonly due to old age.
Roofs (Fig. 13) were swept first, followed by prageclean-up. Injuries due to falling from
roofs were reported in local media, including ometwo deaths which generated concern
among authorities, but were reportedly toleratedraderstandable among the populace (City
Security pers comm., 2004).

Cleanup was made easy in both 1999 and 2002 bylisiceete nature of the two ash falls.
Ongoing and/or repeated ash fall over days, weelkyen months makes deciding when to
clean much harder. For example, in Bafos, asthé&sloccurred daily or weekly in multiple
discrete periods of up to months over the timeesiauptive activity resumed in 1999. The
initially-evacuated town accumulated ash from npldti events with no, or patchy
(clandestine), cleaning. In this case the totalwaah not enough to create structural failure,
but failure could have occurred if ash was lefbtold up to thicker depths. Cumulative ash
build-up (which is not removed) should be considere planning for areas likely to
experience long-term evacuations.
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Figure 13  Ash covered roofs in Quito

3.9 Disposal of ash

During the incidents discussed, ash was swept up sovelled into plastic bags for
collection along with normal rubbish. Experiencetu$ practice in 1999 led residents to take
the same action in 2002 without new prompting dsligueducation. Collected ash has been
disposed of in the same way as domestic rubbidanuifills. This was partly advantageous in
2002 as a large landfill was full and ready to beered, so the ash provided a suitable cover
material.

It was unclear how carefully prepared or sealeddhlandfills are, and given the lack of
sewage treatment in Quito, little expense may kerntdere. In contrast, carefully located and
expensively prepared landfill space is valuable ianfinite supply, and would not likely be
used for ash disposal (except possibly as covetenuif timing permitted, as in 2002).
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4.0 AGRICULTURAL IMPACTS

This section is summarised from discussions withS&Gstaff, Civil Defence staff and

farmers in Bafios. AGSO noted that they have freshsamples which can be supplied if
needed for analysis or experiments. AGSO has h&amer near Tungurahua regularly
measuring ash depth over the last two years.

Impacts of ash fall on agriculture were compardyivew from the Reventador and Guagua
Pichincha eruptions, due to the locations of thasleanoes. More serious are the effects of
ongoing activity from Tungurahua Volcano, in south&cuador. This volcano is surrounded
by agricultural land and constantly remains at ghhllevel of activity (see Section 2.2).
Locally grown crops include maize, abas (beansjatpes, and onions, which constitute
about 80% of the crops around Tungurahua, as wsetiiteus fruit, avocadoes, bananas and
sugar cane. Ornamental crops (flowers) such agpeaeare also widely grown. Cattle are
the most common livestock animal farmed (90% otlstomainly for dairying, although
there are also a large number of intensive chi¢kens.

Due to the equatorial location of Ecuador (‘Ecuadeeans ‘equator’ in English), there is no

particular growing season for crops. Plants aredsied when mature, which is dictated by
the time they are planted. This occurs at any trhéhe year, therefore, when an eruption
occurs there will be crops at various stages ofunitsit Ash impacts vary with the age of

some crops (see below) and thus agricultural ingpactNew Zealand could vary markedly

depending on the season(s) over which an erupkastplace. Most farms are small-holdings
— an estimate by the AGSO staff puts 80 to 90%awh§ at less than 10 hectares.

The small size of the farms makes the communidiant on them more vulnerable to ash
fall. The farms provide little income surplus toshlwaliving requirements even in years when
no ash fall affects the farmland. Produce is salcally, so ash fall affecting the local
economy results in everyone having less money ecagslly during population evacuations.
Following disruption to normal community life, bausss customers have less money to buy
any produce that the farmers manage to salvaget Magers have offered to buy large
numbers of stock in ash-affected areas, but atlgresduced prices (1/2 of value or less for
chickens in Bafios). Banks are also reluctant tal levoney to small land-owners in ash-
affected areas due to the increased risk, pretetonprovide (often in small amounts) food
aid. The ash falls reportedly ‘broke’ some locahksin the Tungurahua area and farmers
could not easily get their savings back — some sketed open could only give 20-30% of
clients’ savings back per year.

Impacts of ash fall have been severe for some lacalers over the last 3 — 4 years. Actual
effects depend not only on the amount, compos#iod temperature of the ash, but on the
type of farming (dairy vs. cropping) and on theelygnd maturity of the plants. Local effects
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can also vary significantly due to wind directiomdalocal topography. Farms separated by
only a kilometre may experience quite differenttiepf ash.

Though locally acute, these impacts are not sefaeréhe nation as a whole, constituting a
relatively small portion of the national milk ancbpping production.

AGSO have set up a call centre to provide advieg, dnly about 3 % of the affected
population use it. During eruptions AGSO uses amjitand city trucks to disseminate food
aid, dropping 15 days worth of food for four peofdesach farm visited.

4.1 Livestock

There was a severe lack of information on ash ingpacd the ongoing eruption upon which
to base decision-making within the agriculturaltsgcparticularly impacting dairying. This
was also experienced in New Zealand during thealnghases of the 1995/96 Ruapehu
eruptions and has led the Ministry of AgriculturedaForestry to provide specific advice to
the agricultural sector in New Zealand (Neild et 3#998).

Ash covering pastures results in livestock (gemeredttle) ingesting ash with their feed.
Moving stock is not a viable option for most of tleeal farmers because there is either
nowhere to go, no trust in the offered destinationthe distance is too far without any trucks.
They will usually remain with their stock, endeariog to feed them as best they can.
Consequently the teeth of livestock are worn downash is masticated along with feed.
Because less feed is available, cattle lose weggid, may begin to starve. Malnourishment,
combined with the ingestion of ash, can lead taldaahas done so for 10 to 15% of cattle
during and after recent eruptions (AGSO estimafgpund Tungurahua calves had a
particularly high mortality rate and were foundhave ash in the stomach and lungs.

People with small subsistence cattle farms havistegsevacuation of themselves and their
herds, mostly through fear that they will lose aaignor their livelihood. AGSO is therefore
helping with the provision of information on protieg) and cleaning their stock and pasture.
In previous ash falls AGSO have supplied hay frahrepregions, but stockpiling is needed
and it is best if done by farmers in affected arédaylage’ bales (round sealed bales) are a
useful form of feed to carry on potentially affettierms. AGSO have identified traditional
farming methods as something of a barrier to chaRgeblems and solutions are not shared
amongst farmers directly; AGSO have helped by teanag this knowledge amongst farmers
themselves. If animals are to be moved, congregatireas with stocks of hay are needed,
with animals clearly tagged to individual owners.

Roberto Castillio in Bafios reported that pigs wekeletons’ after only 12 days without food
due to ash fall, and therefore unsaleable. Cowdasignlost weight, but apparently not as
quickly.
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4.2 Fish

A local fish farm in Bafios has also experienceddssdue to ash fall. Fine ash that floated on
the surface of the water resembled food, and wgsesied by the fish (carp and tilapia)
causing digestive problems and the death of apprabely 10%. The fish farm formed part of
an agricultural farm, but the farmer decided tgdtas operation after the deaths of the fish,
given the frequency of ash fall in the region (Rtdb&€astillio pers comm., 2004).

4.3 Crops

Different crops react differently to ash. Plantshwiarger leaves tend to be affected more, as
there is a larger surface area for the ash to agladenon (Fig. 14). How exposed they are is
also a factor, as wind and rain may wash ash affds. Leaves closer to the ground will
usually be affected more by ash, as these are mloeiered from the wind, and any
accumulation of ash therefore remains on the plantonger. Similarly ash fall at night,
when wind is less, tends to adhere to crops dfefihts more. With deeper ash fall plants are
likely to be killed outright. A local farmer reped that some agricultural areas adjacent to
Tungurahua received up to ~20cm of ash (partly teised/wind blown ash) during volcanic
activity in early 2004. These depths reportedliekilall crops, while a few centimetres or less
of ash caused about 50% losses in and around B&fiogs were quickly burned, reportedly
by the ‘heat’ of the ash (although leachate buarsrot be ruled out), with some farms losing
100% of their crops. Even farms with superficiapties of ash lost ~5% of crops due to hot
ash burning foliage (Roberto Castillio pers coni2z004).

Volcan fstica ciudad se libré de i ceniza, a di |
Vo « La turistic: la [luvia de ceniza, a diferencia de otras poblaciones de la Z0na

Banos, intactaal pie del Tungurahua

El plan de contingencia, a
ariterio del Alcalde estd a
punto. Sin embargo, des-
de hace 14 meses la efec-
tividad del mismo no ha

sido comprobada.

Figure 14  Crop damage in 1999 in Bafos from Tungurahua volcam

Corn stands in rural areas east of Quito were edisimd ruined by centimetres of ash that fell
in 2002 from the Reventador eruption. Flowers amaagor crop in tropical Ecuador, and
despite being covered and not directly contacteddby they were crushed by centimetres of
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ash on the covers.

Cooler ash may not always Kill plants as quicklyhas ash, but the end results have been
equally disastrous for farmers. Acid burns on lsaaed fruit have commonly killed or
sickened plants in the region, and near Bafos rodnys trees are still growing very small
fruit following the 1999 ash falls. Burial of plant@and/or stripping or weighing down of
leaves is common. Younger plants (e.g. maize) &en &illed before more mature plants,
however even more robust mature plants have bemmeocially ruined by the covering of
ash, as it is uneconomic to clean the produce (Ro@astillo pers comm., 2004).

Irregular ongoing eruptions have a greater cumudagifect than a single isolated fall. Light
dustings of ash in 2004 were still damaging led¥g. 15). Farmers sometimes face several
cycles of ash fall — plant loss — new plantingshk fall — plant loss and so on. This may lead
to eventual economic failure of a farm which mighve coped with a single ash fall and crop
loss.
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Figure 15  Crop damage in Bafos in 2004 from occasional dustys of ash only

4.4 Soll fertility

Tungurahua is a very active volcano: degassindn®st constant and ash emissions occur
several times each year. The local farming commuare very aware of its destructive
capability, but they are also aware of the longntéenefits it can provide. While farms are
still producing less than they were before the 18@fption (in some cases about 50%), based
on previous experience, local expectations are ithatll take 6 to 8 years for the land to
return to fertility values equal to, and then likekceeding, those prior to significant ash fall.
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AGSO note that it is about three months after gtefall that fields are usable and productive
again. They have provided a programme of machipésyghing aid, to turn ash-covered
fields and restore productivity following ash falls
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5.0 VOLCANIC HAZARD EMERGENCY MANAGEMENT IN ECUADOR

5.1 Direccion Nacional de Defensa Civil (National Diretton of Civil Defence)

Civil Defence (CD) in Ecuador (Defensa Civil in $&h) is “...a permanent State Service to
protect the community. It has to develop and cowatd all the measures destined to predict
and to prevent disasters with any origin; to liarid to reduce the damage that such disasters
could cause to people and goods; as well as tortak#ein affected zones, the actions to
allow the continuity of the administrative and ftiooal regime in all orders of activity”
(excerpt from http://www.defensacivil.gov.ec/). CiDefence in Ecuador is organised on
several levels (Fig. 16).

| ASSISTANCE
(“HELP”) LEVEL

GOVERNMENT MINISTRY
CIVIL DEFENCE UNITS

ASSESSMENT LEVEL “BASIC ORGANISATIONS”
(RED CROSS, POLICE
SCIENTIFIC-TECHNICAL | FIRE)
ASSESSMENT COMMITTEE
ARMED FORCES
. PROVINCIAL DIVISIONS INTERNATIONAL AND
SPECIAL OF CITY SECURITY NON-GOVERNMENT
DleE(():’\T”cE)Rs AND CIVIL DEFENCE ORGANISATIONS
(“ORGANISATIONS OF
CANTON DIVISIONS FRIENDLY COUNTRIES")
OPERATIONS LEVEL OF CITY SECURITY

AND CIVIL DEFENCE

PAROQUIAL DIVISIONS
OF CITY SECURITY
AND CIVIL DEFENCE

Figure 16  Civil Defence organisation in Ecuador (translated rfom original
document)

The Mission of Civil Defence is to

“Develop and coordinate those actions that presedttake care of disasters, originated from
any event or cause, and assist in the rehabilitaifathe affected community to re-establish
normal conditions. These activities are developewugh the National System of Civil
Defence.”

The National System of Civil Defence involves tbhejng of agencies and organisations of
the public and private sectors, national, proviharad municipal, who oversee the integrated
coordination, and execute permanent actions toepradhe population and assets, before,
during and after a disaster of natural or humagimori
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The Direction Level is headed by the PresidentefRepublic of Ecuador. The secretary of
COSENA (a high-level officials’ committee that ismdar to the New Zealand Officials
Committee for Domestic and External Security Cowtation, ODESC, arrangement) is the
next in charge, and the Director of Civil Defenaes ®elow them (with the agency). Civil
Defence is supported at the Assessment Level witbchnical and scientific assessment
committee; and at the Operations Level, which casegrthe CD capacity at provincial,
canton (national territorial subdivision), city aSgecial Zone level. The overall structure is
also supported at the Assistance Level, comprisieg Police, Red Cross, Fire Service,
Armed Forces and international organisations.

The stated objectives of Civil Defence are to:
* Prevent and mitigate risks by reducing effectsdvfease events.
* Provide adequate and sufficient help in a timelyhnn@a to the affected or threatened
community.
* Work towards emergency rehabilitation of the comityun
» Consult and instruct the people to contribute thvildlual and collective security.

Each level of CD outside the National Office hagaia responsibilities and representatives.
These are similar to those seen in the New Zealdhil Defence and Emergency
Management Group or Territorial Authority contextjth the notable exception that
representation from the Church (Roman Catholicalvays included in the city planning
committees.

Civil Defence is organised in 22 provinces withregentation in each one. Provinces work
with City Security bodies (the part of local goverent responsible for all aspects of security,
sanitation and safety in a city area).

5.1.1 National Plan

Civil Defence in Ecuador is described in the EcuidioNational Civil Defence Plan. Areas
of work are assigned to be undertaken by the aitit®representing the different ministries
of the province, canton, city, and all relevantitnsions in the three phases of an emergency.

In each work area planning is undertaken in threases: before (prevention, preparation,
mitigation and alerts); during (response); afteh&bilitation and reconstruction).

Areas of work are as follows:
* Evacuation and Emergency Sheltekgad agency - Ministry of Social Welfare, with
relevant supporting agencies.
* Health: Lead agency - Ministry of Health with related ageac
* Food and WaterLead agency - Ministry of Agriculture and suppogtiagencies.
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* Engineering and Communicationsead agency - Ministry of Public Works with
supporting agencies.

* Public Information:Lead agency - Press Secretary of the Presidehed®epublic.

* Economics and Financéead agency - Ministry of Finances.

* Public Securitylead agency - Ministry of the Government.

Although various agencies are detailed in the plahaving a role in CD at a national level, it
appears that in practice this is not how the opmratare distributed. For example, although
the Social Ministry does have a responsibility, pgs the national plan, to plan for and
conduct evacuations, it is actually CD who do ladl tvork. From discussion with CD officials

it appears that the issue is with the national guwent agencies who have been assigned
roles in the plan: money allocated to this workd(@novided from CD) is assigned to general
funding programmes and is ‘lost’. Civil Defenceaindicates that it is very difficult to work
with the other agencies in obtaining appropriatpregsentation levels for meetings and
planning committees (e.g. lower ranked ‘represemat who cannot make funding and
resource commitments, are sent to meetings).

5.2 Public education, communications and development

In reality national CD is responsible for publicuedtion, communications and development.
The CD organisations oversee various programmegubfic education such as volcanic

hazard, earthquake, flooding and landslide hazaddfze risks associated with El Nifio/storm.

One of the key tasks of CD is to develop a censussk zones so that the government can
know how many people and assets are at risk.

Civil Defence programmes start with educating tlowegnment and responsible agencies
(such as capacity building by working with polidege, Red Cross, etc., which are all
considered primary partners in response) and wowndo the family level. Civil Defence is
also involved with education facilities, helpingth develop emergency plans.

At a family level CD works with risk maps and infies people regarding the ‘where, what
and how’ of natural hazards. Where possible (tla@ee marked resource constraints), CD
conducts exercises and simulations with at-riskupetpns. The best-practice approach
involves working with the community to help themildutheir own conclusions regarding

their risks and required actions. Volunteers uradk&tmost activities outside the main
municipal areas.

Civil Defence also has a national responsibility poiblic communications. They have two
major functions —
1. Production and diffusion of information and campaig- radio, TV, etc. They also
produce some educational documentaries.
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2. Release of information during and after disaster€B coordinates all national
information and releases the official information.

5.2.1 Examples of Civil Defence public education

The public education material produced by CD Ecuaclinforms to international best

practice. CD produces an extensive range of maiara format most likely to be preferred,

used and understood by the public. The printed ma&tes all in colour and uses simple

instructive and constructive images. The text fermative and varies in content and length
depending on audience and size of publication. viZleos are also an excellent educational
tool. The material, however, is only produced iradph. Although Spanish is the national
language of the 14 million inhabitants, only 9.9liom are thought to speak Spanish, with
many Ecuadorians speaking Quechua, the native éayegu

a. Manual de Autoproteccion

For the first time in 2004 CD produced a “Manual Algtoproteccion”, a ‘self protection
manual’ (Fig. 17). The manual is a small (15 x 10),c180 page, colour-illustrated book,
designed for ready reference. The manu-'

is divided into two parts, disaster

preparedness and first-aid. Disaste

preparedness has four sections coverir Mn"“Al nE
natural hazards, other hazards

preparedness on holiday and family/hous A“T“P““Ticclnn
plans. The natural hazards sectiol
describes protection measures for El Nific
earthquakes, volcanic eruptions, tsunam
floods, landslides and droughts, as well &
describing alert levels and pre-disaste
psychological reactions. Self protection fol
other hazards covers prevention and actic
measures for forest fires, pesticides
cholera, in the home (chemicals, gas, he
water, etc.), general fires and terrorism
The third section, holiday-specific safety,
covers travel to remote areas, at the bea
(sunburn, drowning etc.), camping,
preparing your vehicle and securing you
house.

Figure 17  Cover of the Ecuador ‘self
protection’ manual, produced
for the first time in 2004.

©lnstitute of Geological & Impacts and managemafmecent volcanic
Nuclear Sciences Limited 2005 31 eruptions in Ecuador: lessons for New Zealand



The final section gives recommendations on familyvities for emergency preparedness. At
the end of this section is a quiz crossword on gm@gness measures.

The second part of the manual provides first adcad This section covers: what is first aid,
how to get help, preventative measures in the hanteon the road, what should be in a
medical kit, and what to do in case of accidentsn®, cuts, heart attacks, animal bites, etc.

b. Education Videos

Civil Defence has produced a number of short (10viBute) films to be shown at group
meetings. There is a series of four films covemntranic eruptions, earthquakes, landslides
and floods. They each start by explaining to théience why each phenomenon occurs and
the areas of risk in Ecuador. The volcanic erupfilm also covers the alert level system by
describing the signs from the volcano and actibas should be taken at that alert level. The
films then go on to illustrate what to do beforeyidg and after an event. Community
participation in CD activities is stressed for freparation period. Preparing an emergency
kit, storing water and planning and practicing figmeévacuations are also key themes.
Keeping calm during an event, as well as other pimema-specific information, like wearing
breathing/eye protection in volcanic eruptionsrasommended. After an event, the main
themes are to turn off electricity and gas, listerhe radio for more information and to go
and help others.

Importantly, the videos show mostly images of loeaénts and people. This is critical for
people to be able to personalise the risk (PatdnJahnston, 2001). Where local examples of
hazard phenomena are not available, internationagjés are used so the audience can still
get an idea of what the phenomena are like. Imafjdsstruction and devastation are shown,
but not dwelled upon. Rather, preventative and gnagjve measures are demonstrated being
undertaken in a calm, everyday manner.
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C. Brochures

There are five brochures produced by CD coverirlgaroc eruptions (Fig. 18), floods, forest
fires and earthquakes (two brochures). Three aidegh“Let us learn to live with the threat
of... an earthquake / a flood / an eruption” and titleer two are “How to cope with a
terremoto (destructive earthquake) / forest fifidie brochures are colour A4 size, folded into
three. lllustrations in the brochures are cartaam depict emergency actions, equipment and

scientific diagrams. .
(A, Aprendamos
> @ UIVIT coN...

The three “Let us learn to live with...”
brochures have a similar format and cove
the same themes. Inside on the first third ¢
the page, a simple definition of the La dimenaZza de una
phenomena and description of how/wh) R |

these events occur is given. Fol
earthquakes, the Richter and Modifiec
Mercalli scales are also explained and fc
volcanic eruptions, the alert level system i
described. The rest of the page explair
ways to reduce the risk; firstly explaining
the risk in Ecuador, what to do when the
phenomenon occurs and other CL
recommendations. The back page cove
what to do when the danger has passe
emergency kit items to have at hand an
other relevant instructions.

The “How to cope with...” pamphlets are
much simpler, describing three things to d
to be prepared for an earthquake, or for
forest fire, and three actions during an
after an earthquake or fire, with cartoon
illustrating each point. The back of the‘ f
pamphlet gives a brief description of th
phenomena, self-organisation
preparedness recommendations.

Figure 18  The ‘let us learn to live with
the threat of an eruption’
brochure produced by Civil
Defence
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d. Booklets

Civil Defence also produces information booklets dessemination to the public. Examples
of these are “First Aid Advice”, “Let us face th#feets of El Nifio” and “My neighbour
Cotopaxi” (Fig. 19). The brochures are colour, Afesand 10-20 pages in length. The
illustrations are simple cartoons showing peopladtion, maps and/or diagrams. The first aid
booklet describes what to do for a number of cémat and accidents including electrocution,
drowning, fever, sunburn, animal bites etc. The Ni&io” booklet is similar to the “How to
cope with” brochures, in that it mainly gives advion what to do before, during and after
floods, landslides and storm surges. It also gavbsef explanation of what El Nifio is, where
its effects are most likely to be felt in Ecuadadavhat emergency items to have in case of
these events.

The "My Neighbour Cotopaxi” 4 4
bogkletyis 2?Jchorl:1rore0tccl)§§i(lled Ml VeCan

than the other booklets and

volcanic eruption brochures, Ei @@T@%XZ]
containing more text (~100 P

words per page) and fewer 'S
illustrations. Whole pages are \.
devoted to what volcanoes are :
the history of Cotopaxi, what |
will occur when Cotopaxi
erupts, a detailed list of all the|
risk zones and districts within
these zones, how to identify
zones of risk and safety, how to
reduce the risk, what to do
when an eruption occurs, alert
levels and knowing when to
evacuate. Emergency kit items
and CD contact details are alsc

given.
Figure 19  The information booklet ‘My neighbour
Cotopaxi’ produced and disseminated to
the public by Civil Defence.
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e. Release of information

Civil Defence works with all districts to ensurd aiformation is standardised and assists
publishers to prepare newspaper articles/releadesibs. In emergencies CD is responsible
for providing all the information needed (such @&sation updates and sensible actions to
take). However, there are a number of problems thithprocess, including a general lack of
resources (insufficient quantities for wide distitibn); a lack of preparation to distribute and

coordinate information; a need for more work on it target audience is, how information

should be delivered and with what content; a neeiddrease competencies of people in the
region; and problems with integrating actions dfgkencies.

5.3 Local Capacity Examples

5.3.1 Projects around Cotopaxi Volcano: Northern Flank Zane

Over the past year, CD in the Valle de los Chilkmbninistrative zone has been working
closely with communities in San Rafael, educatingm about the dangers of lahars from
Cotopaxi and how to be prepared. San Rafael, ditatity of Quito, is situated 45km north
of Cotopaxi on the junction of the Rio San Pedrd Rio Pita. Lahars travelling down these
rivers will take approximately 40-60 minutes toale&an Rafael from Cotopaxi’s summit.

In September 2002 the Administrative Zone for Val&elos Chillos (AZVCH) initiated the
development of a contingency plan for the regioforimation for the plan was sourced from
state documents, field investigations and maps.uBPents used included the Political
Constitution of Ecuador, Law of National Securitydathe National Plan to confront the
potential eruptive process of Cotopaxi volcano.ld-istudies carried out by the Instituto
Geofisico and Escuela Politecnica Del Ecuador &gtatones of risk on the margins of the
rivers, establishing eight high-risk sectors in &8/CH. They identified the at-risk and safe
residential, educational, commercial, emergencyices and utility areas. Plans of at-risk
areas, safe areas, and evacuation routes havepbaduced, as well as a revised version of
the hazard map by using city plans, census andytapbic maps and the EPN 1988 Cotopaxi
Volcano hazard map, along with the data from thklfstudies.

To get an idea of the number of people potentia#lgding to be evacuated and the type of
people CD had to educate about lahar hazards, susef the area was conducted in June
2003. Over 4000 people reside in the eight higk-sisctors, and of these 465 will require
emergency shelter. More than half the populatiofeisale and 22% are either under 12 or
over 60 years old. San Rafael is a growing middlagper class area of Quito and therefore
has a relatively high population in ‘white collajobs such as lawyers, architects and
especially engineers. Most of the population hdways lived in the Pinchincha province and
are likely to be aware of Cotopaxi and its hazafdst 29% are originally from other
provinces and 5% come from outside of Ecuador.
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Knowing the size of the population and having dethmaps of the area, it was then possible
for CD to designate 26 evacuation shelters actus$ tsectors. Each shelter has to meet with
international shelter standards which include saa@hstruction, basic services, sanitary
conditions, food and adequate room for populatroneed of shelter. Civil Defence keeps a
database storing information on all the necessargrpeters for each of the 26 shelters; these
include location of the shelter and shelter repredve contact details, structural
observations (composition of floors, walls, do@esing, windows), sanitary conditions, etc.

From October 2003 to March 2004, CD went to workha community. Family meetings
were held in every barrio, where a CD member waqurkkent information about the lahar
hazard through slides or videos and maps and tkglaie evacuation procedures, working
with the new evacuation plans. Households wereatsted, where CD members would help
them devise family plans. These plans consist okabold evacuation procedures for every
day of the week, morning, day and night, divisidriasks (set jobs, such as turning off gas,
getting pets etc., for each family member) andrutston on evacuation routes, shelters and
what items to take.

Evacuation simulations are the next step in CDmmuinity education plan. Not only are the
simulations intended to get people to practice eatg (i.e. learning routes and where they
are going to stay), but to verify CD coordinatiduiliies, routes and capacity of evacuation
centres. Simulations will also build a civil defenculture between families, neighbours and
CD. Each simulation will consist of three phasegpparation, execution and evaluation. The
preparation phase consists of simulation co-oratinatdissemination of notices about the
simulation, and investigation into people’s ‘praisiation’ evacuation knowledge. The
execution phase is simply the simulation itselfe Bvaluation phase investigates community
and authority attitudes towards the simulation gust-simulation’ knowledge. The first of
these simulations was held in June 2004 within @e8t Comparison of pre- and post-
simulation awareness showed that before the simonldss than a quarter of the evacuees
knew when to evacuate, their evacuation route,testhsite and what to take. After the
simulation all evacuees knew their evacuation rositelter site and items to take, however,
there was still some uncertainty as to when pedele they should evacuate. Instituto
Geofisico concluded that the first evacuation satioh was carried out with relative success
and that the majority of the population and orgaim®s involved participated with
enthusiasm. The simulation proved that the pomratiould have sufficient time to reach the
shelter and that the proposed refuge was adeqaatihé population in need. Evacuation
simulations are planned for the remaining 7 seaiges the next few years.

The AZVCH Civil Defence effort in community eduaati about the lahar hazard from
Cotopaxi is impressive, considering the limitedso@mnel and funding for CD. The fact that
they are using best-practice methods in a devajopation sets a precedent for New Zealand.
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Latin American culture does make it easy for orgations to work with communities, by
working through extended family groups who oftenrmpoise their own communities.
However, there are many community networks thatleatargeted in developed nations, and
the AZVCH example shows us that community educadibthis level is possible on a very
restricted budget.

Unfortunately, evacuations may not go as well a&%8HA Civil Defence plan. A proportion
of the population in the AZVCH live in the area\ween the two rivers, with only one bridge
crossing the Rio Pita to safe ground. There is alsignificant population not living in the
AZVCH who also live in the high risk areas betwehe rivers and will need to evacuate
through the AZVCH. The administrative zone thatdess on the AZVCH has not yet put any
evacuation plans into place and as the populatamot part of the AZVCH, they have not
been considered in AZVCH plans. Until CD in Ecuadwmves away from its very militaristic
(hierarchical/command-and-control) nature, thidpem is unlikely to be resolved.

5.3.2 Projects around Cotopaxi Volcano: Southern Flank Zoe

Civil Defence in the Latacunga area (Cotopaxi Rros), have also been heavily involved
with educating the southern flank at-risk commusitiFigure 20 presents a table-top model
used in their face-to-face education. In Latacur@g@, has jurisdiction over a much larger
area than just the city itself, incorporating thajonity of the populations at high risk from
lahars along the Rio Cutuchi. Approximately 130,p@@ple are believed to live in high-risk
zones in the Latacunga Valley, and as historicalesce shows that over 60% of Cotopaxi’'s
lahars travel down this valley it is important thaeparedness and evacuation education
reaches these people. Civil Defence estimatetleat80% of residents in the high risk zone
have received preparedness/evacuation educatioreveo, around a quarter are thought not
to believe, or take notice of the information u@topaxi erupts. Demographics of this area
have a significant influence, with indigenous pesptomprising a higher proportion of the
population, especially in the sierra region (legdia belief and language barriers in hazard
education), as well as a generally lower leveldfaation than in urban areas.

Recently, when seismic activity recommenced in 2004 hazard map for the south side of
the volcano was revised with help from IGEPN. FReilg this, CD determined which
populations would need to be evacuated in the ew€rn eruption, and it subsequently
determined which communities needed to be educaedt the risk and evacuation plans.
Before going to the communities CD first educatetharities in these areas for them to
understand and also be able to pass the informatitm the communities themselves. As in
San Rafael, CD spent time in barrios and commungiewing video and slide presentations
(aimed at different education levels) and helpiagnifies with evacuation plans. World
Vision also plays a part by funding education af gierra communities; this area is more
resource intensive due to the time needed to beiidionships and find people who can teach
in the Quechua language.
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Figure 20  Table-top relief model of Latacunga Valley used asn education tool by
Cotopaxi Civil Defence.

At present there is no lahar warning system forehtre southern flank of the volcano. As
the cost of such a system is estimated at US$2llomiit is unlikely there will be one in the
near future. Therefore, CD is encouraging eachidyawvhere they can afford it, to buy and
install their own alert system, comprising a seok®arning sirens.

Latacunga CD recognise that this preparedness/atranteducation needs to be ongoing, but
faces major difficulties in providing this educatjas there is no support from the Ecuadorian
government, either monetarily or morally. Despités,t they have again shown that public
education at a community level can be undertakéim vary limited funding.

5.3.3 Quito city — learning from experience

Planning for Quito City’s response to volcano attivis undertaken by the Direccion
Metropolitana de Seguiridad Ciudadana (City Seguriity Security is the directorate within
local government responsible for planning for alects of city security from street safety to
emergency planning.

During the eruption event of 2002 (Reventador), dffieial response within Quito City was
generally efficient. Both the municipality and tpepulation responded quickly, owing to
general recall of the recommended actions and laetgeerience of the eruption of Guagua
Pinchincha in 1999. This previous experience emsthat the general public took measures
to safeguard their health and homes, by avoidingggoutside, not driving, cleaning ash from
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roofs and walls, and bagging cleared ash (as ogpossgweeping it into the streets). In many
areas of the city community leaders organised ggdopsweep and bag ash in the streets;
combined with the municipality efforts in clearinge larger roads and motorways, this
ensured the city was largely free of ash only &dafter the eruption.

In spite of the efficiency of the clean-up, the neipality recognised that lessons remained to
be learned. City Security in Quito took advantadeth® event to review practices and

experiences of an eruption from the city’s poinvi@w. To this end they commissioned work

to document what had occurred in the city duriregehuptions, and the learning that could be
gained from this for future planning.

The report identified the areas of Quito city taed in most need of urgent attention, to ensure
a more coordinated and efficient response to anotheergency event. Establishing the
officials’ emergency committee to coordinate regmoto the event needs to be pre-planned,
with stronger links between officials and respogdiagencies established prior to an
emergency. City Security is seeking to support thith planning meetings and scenario-
based exercises. In addition, strengthening antegion of both the potable water system
and the electricity system are needed — esped@althe water system relies in many places on
electricity generation. Planning for mitigationdarecovery from loss of agriculture, urban
transport (such as taxis and private buses) aret atdustry affected by ash-fall (e.g. loss of
tourism revenue was estimated at US$270,000 ataesypeen identified as equally critical in
ensuring that the labour and social situation ef ¢ity can recover as quickly as possible.
City Security in conjunction with other municipagjencies are working to address these
issues by collating information, identifying isswexl setting up task groups.

5.3.4 Bafios — a community response to threat

In 1999 the town of Bafios was forcibly evacuatedabthorities following advice from the
scientific community that the town and its surrosindere in imminent danger of a life-
threatening eruption, which would lead to pyrostafibws. The townspeople were re-located
to surrounding towns and cities to family and fden(if available), while the poor and
isolated elderly were housed in a camp on a nelittsyde from which they could see their
homes. Although there were widespread eruptions theenext months, there was no serious
damage to the town or surrounding valleys. Mearenthié social and economic impacts were
debilitating for many in the community, with los$ imcome and livelihood. After some
months of being isolated from their homes and ilnedds the people of Bafios revolted
against the instruction and attempted to breakutjimomilitary blocks around the town
(Fig. 21). After a period of conflict with authaas, during which there was some loss of life,
the citizens were allowed to reoccupy their towst jobefore Christmas 1999. Bafos was
socially and economically affected by the erupticarsd evacuations, and has suffered
decreased farming productivity (discussed aboveweaver, locals report increased tourism
related to the volcano, reportedly up to twice aglmas before the eruptions started.
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Figure 21  The ‘violent and dramatic return’ of the population to their town after the
military-enforced evacuation of Bafios in 1999 was idely reported in
Ecuadorian media.

A local civil defence organisation was establismeBarios in 2001 with four people and now
has 45 members (Fig. 22). All are volunteers wlida ¢xception of a paid secretary. The CD
organisation was developed in response to the gstha¢ arose around the 1999 evacuation
and the community’s increased desire for self-adnin matters relating to the volcano,
warning systems and evacuation processes.

Although the volunteers in Bafios CD know their tomass not directly physically affected by
the last eruptions, they do recognise that theydcba affected next time. The major barrier
to their working with the wider community is thagéqple are not always open to education
because of the bad experience with the 1999 evacuand the advice of scientific
community. In particular this has led to a reluctance frdre tommunity to ‘open their
doors’ to information as they fear they will oncgam be told to leave their homes. The
people’s Catholic faith also contributes to unwijness to accept scientific advice (Figs. 23
and 24).

2 Although reviews of the decision to evacuate tverthave confirmed the scientific advice and atitiesr
decisions taken in 1999, the resultant outcomelémage to the town) has led to a deep distrustieftists in
the area (Fig. 24).
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Bafios CD struggles not only with community attitsidleut resourcing. The organisation has
no funding and it struggles to get materials ttadlse used (sirens, printing, signs, paint) are
donated by local business. In spite of these bartiee organisation is working on educating
barrios to accomplish an internal evacuation fitet,get people together, then practising
leaving the town by one of the access ways (Fig. Bafilos CD has carried out one
unexpected town-wide drill with fair success (mare planned) and conducts regular drills
with various groups in the community. Increasindgerast and involvement from the
community is attributed in part to CD’s involvementschools (50% now involved), which
has led to a 100% awareness rate of issues andati@t routes among attending students.
CD provides some locally developed education matéor students, while all posters used
come from an international aid organisation. Lostaldents are also taught to form buddy
systems in their barrio and to plan with their fa@si and neighbours to assign responsibility
for the elderly and young in their areas. Two gemgo students made evacuation route signs
for the town using donated paint.

Figure 22  Sara Williams (centre foreground) meets with Bafio€ivil Defence in 2004
as part of the reconnaissance trip.
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Figure 23  The Catholic church in Bafios has several frescos pieting the
population’s interaction with Tungurahua’s eruptions, and the sainted
Virgin of Bafos’'s protection of those worthy. Regudr religious
processions are held to please the Saint and protdéhe town.
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< m CON 5U MANG FROTECTORA HA DETEWIDO HASTA HOY LA FUERZA
DEL VOLCAN TUNGURAHUA Y HA BENDECIDG 4 SU FUESLO DE BAKCS AKTE
LA OPINION DE alGUNOS CIENTIFICOS GOMO 1d SKA.PATRICIA MOTHES,
HUGO YEBFEZ Y SAMANIEGO, QUIENES DECLARARON,EL 17 DE CCTUERE LE
1999, QUE SERIA UNA ExUFCIUprSUBITA B INMEDIATA

Figure 24  An example of the attitude of the devout Catholicen Bafios, on display in
the church museum. Rough translation: " Image of tle virgin of the holy
water of Bailos. Who with her protective hand has dained until today the
force of Tungurahua volcano and has blessed her towof Bafios, against
the opinion of certain scientists ... who declared,othe 17th of October
1999, that there was going to be a large and immexde eruption”
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Figure 25  Bridge to safety: Installed since the 1999 reawakamgy of Tungurahua, this
bridge provides an evacuation route from Bafos (ateft) but there is
concern that it crosses the major lahar and pyroclstic flow valley, and
connects to a part of Bafos also likely to be in ghpath of a pyroclastic
flow.

Another barrier to effective local CD planning isaak of real support from the municipality.
While CD receives a yearly $6000 grant from the imipality, they have to pay all wages
with the money. No other support is provided anerehis a lack of willingness from the
authorities to look at the overall issues — forregke, during recent upgrading of the streets
some of the evacuation route signs were removedtaonsn away. The head of CD noted
that there is no culture of prevention in Ecuadog they regret that the government does not
see that prevention and education is cheaper tleam cip afterwards. This lack of support
has extended to a refusal to look at recovery ptgnn CD has done a lot of development
work looking at projects to make the community sabeit the only one to be funded to date is
a project identifying tourism facilities that ane the high-risk areas. There appears to be a
lack of willingness to use scarce resources wisdligr example, the municipality ‘boss’ has
gone to a number of international meetings on vacasues, but the community has never
seen the results of his visit or any outcome tisass a community level. At the same time
CD is struggling to maintain its premises.

The siren system is well-established in Bafiosoalgh the organisation observes that locals
are getting used to the alarms and tend to igriemt CD is responsible for monitoring the

sirens and their upkeep. Sirens are located aschlbols, police, fire and Red Cross. In

addition CD maintains a system of 75 people wittiiaa and cell phones to communicate
information — these people are notified of activatyd also of heavy rains (which frequently

cause flash-floods in the hilly terrain).
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6.0 LESSONS FOR NEW ZEALAND

As in New Zealand, urban centres in Ecuador are@seg to volcanic risk from multiple
volcanic sources. Recent ash fall events in Ecupdmride useful insight into impacts from
and response to such events. Although falls ondQlu#ve been relatively minor (a few
millimetres) they have nevertheless caused sigmfisocial and economic disruption and
some physical impacts. The notable physical impaetse to agriculture and airport
operations. Other vulnerable sectors were watempl®g) sewerage, storm water and
electricity supply. The recent ash falls have hglited the range of complex management
decisions that need to be made before, during &#ied @ ash fall with respect to warning
messages, mitigation actions and ash removal/dagpbise following sections outline the key
lessons learned that could be applied in New Zéalan

6.1 Volcano monitoring

* Monitoring staff need to be prepared for high lew& stress when they are required to
provide feedback and information to end users taeg periods. Discussion of what
can and cannot realistically be expected of thestering of staff time-off (strictly
enforced), and stress-management training aréaly lto be beneficial.

e Itis difficult to maintain all monitoring equipméeand communications in an eruption
due to equipment failure/damage and weather camditithe provision of information
under such an environment should be planned fowedisas providing the resources
(people and materials) to restore/maintain monigpes much as possible.

» Beware of the lack of trust of monitoring agen@esl staff amongst the community in
Bafios following the false warning and evacuatiod99. Note that any false alarms
may reduce monitoring credibility and place scrytamd criticism on those agencies
(exacerbated by strong widely-held religious bsliefBafios).

» Direct personal relationships between monitoringray staff and all responding
agencies prior to events is essential. The begbnse occurs where those who need to
exchange information in an event have talked td esdber ahead of time, and trust
each other.

* IGEPN find a combination of seismograph, presswmesars, ground deformation,
geochemical, thermal and visual data are esse¢ateffective eruption forecasting and
in-eruption monitoring.

6.2 Emergency management

While some of the particular challenges and comggahat are present in Ecuador are not
similar to those in New Zealand, investigation ofrenunity-based response to the volcanic
hazards has identified several key areas of legrnin

» Clear planning at national and local, strategic apdrational levels is necessary to
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pre-determine the division of responsibility, amg¢ate an environment that fosters
cooperation.

* All agencies with a stake in the hazard risk mustibcluded in the planning
conversations — this includes the business, infraiire and community groups.

* Local problems demand locally developed solutionthe- best way to do this is
support communities to determine their own soligjonith expert advice regarding
risks.

* Local groups with responsibilities (e.g. CD and owmity) must be adequately
resourced and supported from government.

« Atall levels it is critical that representativasaa appropriate level (ie. with the ability
to make financial and resource decisions) are d®dun the planning process.

e Cultural beliefs must be taken into account wheanping for hazard responses.
Failure to do so will result in misunderstandingsl acan create hostility between
officials and at risk communities.

» [Exercises are critical to improving planning, edimg training and evaluation of
effectiveness. As an example of best practice, sanhlation in the Northern Flank
Zone of Cotopaxi consists of three phases: preparaexecution and evaluation.
Preparation involves simulation co-ordination, diegation of notices about the
simulation, and investigation into people’s ‘preislation’ evacuation knowledge.
Execution is the simulation itself, with full exesimg of actions. Evaluation of
community and authority attitudes towards the satiah and ‘post-simulation’
knowledge is then fed back into improved planning.

6.3 Public education and training

» Simulations are effective for public education &mehing.

* Multiple formats and languages are needed for iffeaudiences to ensure a wide
uptake of messages (including, for example, primtederial, maps, models, videos
and discussion groups). The more channels usedhitjeer the retention of
information.

» Effective public education and training take timmlanust be consistent, regular and
permanently ongoing.

« Effective public education and training need tadbee ‘on the ground’, customised to
the audience of individual regions and communities.

» Committed locals are the most efficient educatani &an authority can have.

6.4 Water supply

» Covering smaller water treatment plants with talipgsumaterials must be on hand)
effectively managed a few millimetres of ash; hoarewnany Quito plants have
special covers built to protect from ash. This $tidne evaluated for all plants in New
Zealand.
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* Flocculation with A}SO, effectively rendered water drinkable, and avoided/
internal equipment damage. Flocculation takes |lomgth greater sediment load, but
supply rates can be increased by using more fleatult was reported that centimetre
to decimetre ash falls on water supply lakes wquitthably overload flocculation; a
delay while this settles in reservoirs would beessary.

* Low pH ash lowers the pH of water, requiring Ca(@td) be added to raise the pH
back to acceptable levels.

* Treatment plant filters needed to be checked asaheld more regularly, from two to
ten times as frequently as in non-ash fall times.

* No testing of ash leachates in drinking water hesnbreportedly conducted in and
around Quito, but should be considered in New Zehla

* Water supply lines themselves may be vulnerablphtgsical breakage by proximal
volcanic hazards such as lahars, pyroclastic fland lava flows. This may be
mitigated against in some cases by, for examplewadg for lahar passage under or
over pipes as is being evaluated for Quito.

» Conservation of water by avoiding use for ash clepns important and is part of
public education and communication planning.

« If water supply has to be stopped, communities edgfe better if they have their own
stockpiles of water, and know to boil water of uma® quality. This is the case in
Quito, and was originally prompted by past diseastbreaks not related to volcanic
hazards.

» Sectorisation and redundancy in the water netwdidiva damaged sections to be
isolated and bypassed.

6.5 Wastewater

* Rapid street cleanup, and light rain stabilisiny, ggevents a large proportion of ash
from entering drains. Cleanup and disposal mugtrbeplanned.

* No treatment of wastewater is normally conductedEguador so impacts to these
systems was not gauged.

* Pumps did not fail but required more regular maiatee of filters and external
mechanisms exposed to falling ash. Internal cositatth ash-laden sewage were not
damaged.

* As well as physical damage to equipment at seweggnient plants (seen in New
Zealand in Rotorua in 1995/96), ash in ponds wa® se Oyacachi to disrupt the
oxidation process, resulting in a strong smell exadfective treatment. Shutting down
plants and diverting sewage before damage occulislikely lead to orders of
magnitude shorter down-time, and thus reduce sacidlenvironmental impact (and
cost) than that required to allow for repairs iecgted and damaged with ash-laden
water.
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6.6

6.7

6.8

6.9

6.10

Telecommunications

Overload was seen to be the largest problem inEtheador examples; planning is
required to manage and maintain critical commurooat

There were no reported exchange problems, butttity group had no direct contact
with communications providers. Filter blocking (esjally important in air-
conditioning for telecommunications), and powers|osere reported as problems for
other utilities in Quito; these also likely apply &lecommunications vulnerabilities in
New Zealand.

Electricity transmission

Flashover has been a problem in Quito. Ash is edaand insulation restored, with
water washing or heavy rainfall. Planning for adsquresourcing for cleaning is
needed in New Zealand.

Ash damage to hydro-electric generation plants e identified in Ecuador as a
potential hazard to electricity supply down theelirMinor’ concentrations in dams
has caused no reported turbine blade damage indBculaut lahars overtopping or
breaching dams is a significant hazard to considblew Zealand.

Land transport

Cleaning is essential for safety from three hazatls road markings temporarily
obscured, (2) direct loss of traction and (3) m@idast causing nuisance and visibility
reduction. The best advice is to avoid non-esdetrda&el. Advising extra caution,

slower speeds and reduction in use are a publicagidu responsibility that should be
pre-planned and in place; enforcement should be@nsidered.

Vehicles reportedly operate well in Quito in asti &nvironments, but air filters

require more frequent cleaning and/or replacentackpiling of filters for at least

essential service vehicles should be considered.

Washing windscreens of ash without wiping will redwscratch damage.

Ash cleanup and disposal

Cleanup and ash disposal timing can be difficulleoide: when is an event ‘over?
Ash disposal is a huge issue that must be fullygtrened and pre-costed, millions of
cubic metres of ash must be disposed of from aelasy that receives only
millimetres of ash.

Airports

Quito’s airport and local airlines were consideyaBconomically affected by the
eruptions, due to the time needed to clean aiipindstructure (especially runways)
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and aircraft before normal operations could bemesii Detailed pre-planning could
save millions of dollars for these companies.

 The lack of available equipment to facilitate ragig@an-up of the ash led to the
employment of manual labour to clean the airpantvays. Due to its prohibitive cost
this may not be a realistic option in New Zealand.

* While ash on the runways was stabilised througft ldpmpening with water sprayed
from trucks, it was not saturated or even ‘wet’ttas inhibited sweeping.

* The point above illustrates the need for the albditg of equipment in NZ to be able
to respond to ash fall events. Where manual labsuused for ash clearance,
protective equipment would be needed in NZ. Thereurrently a research project
underway for Auckland Engineering Lifelines Grougoking at health and safety
working in an ash environment.

* Previous eruptions in South America had promptedhymairlines to carry engine
covers, tarpaulins and adhesive tape to cover raitte aircraft components in the
event of an eruption. This low-tech, low-cost matign method proved to be
extremely effective in protecting grounded aircfadim abrasion damage, and is thus
worth noting in airports potentially affected byndall in NZ.

* Plane cleanup using fire trucks spraying water tboko 15 minutes per Boeing 737
(with flaps fully retracted), and full service checwere performed afterwards. No
abrasion or chemical corrosion was seen after adirémained on aircraft from 12 to
48 hours. Aircraft were moved using tow trucks eatthan starting jet engines. No
problematic ingress of ash or water to the planes noted.

* Clear pre-planned decision making hierarchies,qua$ and criteria at airports are
needed.

6.11 Animals

* The impacts observed in Ecuador provide usefubhisiinto the range of potential
animal health and stock management issues whichZéaland will face in future ash
eruptions (the dominant livestock are dairy cowthmstudy area):

0 Tooth abrasion due to mastication of ash

0 Stock death and loss of condition due to ingestioash
o0 Loss of grazing potential due to burial by ash

o Pre-planning of stock evacuation method and ddgtima

* Agricultural impacts around Tungurahua volcano haesonstrated the need for
planning for stock transport and alternative grgazmthe dairying industry.

« A further effect in New Zealand, maybe not notedHouador, is the need for a
milking strategy if electricity supplies are int@pted (this is already a major problem
in NZ where any event cuts power)

« A fish farm noted a loss of 10 % through deathgsaf and tilapia, suggesting that
hatcheries and farms in New Zealand should prepaoeelrs for their water surfaces.
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6.12 Horticulture

« ‘Burn’ of leaves was reported from the heat of d&h,also may occur from leachate.

« Rainfall washes leaves, but may not clean thenwatety to make crops saleable.

* Wind reduces ash collection on leaves, so thatfakht night (which is less windy)
often has a greater impact.

» Tens of centimetres of ash may Kkill all crops. & feentimentres of ash were reported
to cause about 50 % crop losses in and around Bafios

« Due to wider economic impacts of a eruption, markeay dwindle even if crops are
salvaged.

* Ash often produces a long-term soil fertility in@se, but it reportedly takes about six
to eight years to get soil back to it's pre-eruptiertility in the study area.

» Covered flowers were still crushed by the weighasii on the covers, this may affect
greenhouses in New Zealand.

* Younger plants, and those with larger leaves, tendare less well in ash fall
environments.

6.13 Gaps in knowledge from this trip

The following topics were of interest for this reoaissance trip, but information was not
available, or the group were unable to discusstit an appropriate person or organisation:

* Waste water treatment (not conducted in Quito).

» Sweeper-truck performance; not tested in Quitoabse manual ash sweeping has
been employed for both the city and airport.

* Telecommunications performance from the industsglit Comments reported here
are second hand from several other agencies.

» Effect of providing written material only in onenlguage (In Ecuador in Spanish to
non-Spanish speakers, in New Zealand more an veslidoreign visitors).

Analysis of human health impacts was beyond theesaaf the tripEmergency managers
reported no long-term effects, but this informatioat confirmed with health officials.
Grainsize, chemical leachates and gas all havenpattehealth impacts. In this respect
COSPEC and TIMs satellites showed,2@d likely HCI in remobilised ash clouds for about
15 days after the most-recent eruption; and the-ligned ash was a very fine silt.

6.14 Further work

Future reconnaissance trips will allow comparisdntte findings from Ecuador across
multiple settings, and to glean impact details ttater the gaps in knowledge from this trip
noted above. There is a need for further work invNEealand to devise clear methods for
addressing the lessons summarised here.
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Areas of further work in regard to emergency managd and public education have been
suggested as a result of the study trip. Thesadecl

* Development of models for effective event pre-plagnin regard to agency and
organisation engagement (eg. Welfare agenciesalsogpencies, councils, etc.).

» Development of models to assist at-risk communiiieseek management solutions at
a local level.

* Investigation of the particular barriers to edumatiand hazard responses in New
Zealand — such as Maori land ownership processescent immigrants language
barriers.

» Development of effective forms of communication éalucation in regard to volcanic
threat, that is appropriate for all audiences.

* Development of best practice guides for implementicarrying out and supporting
grass-roots public education regarding volcank ris

There is specific further research underway in N&saland around airports and grounded
airplanes; ash impacts to the dairying industrynman health in an ash environment; ash
disposal; drinking water chemical modelling; ashtitey requirements and standards; and
waste water/water supply engineering effects labirtg.
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