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5 Exponential growth in world population
¥y Increase in air traffic (passenger. & cargo)

#y Expansion of socio-economic development
into more hazardous regions




TO REDUCE VOLCANO RISK

STILL SPARSELY POPULATED REGIONS:

@ HAZARDS ASSESSMENTS & ZONATION
MAPS IN LAND-USE PLANNING

@ NO HIGH-DENSITY DEVELOPMENT IN
HIGH-RISK ZONES

ALREADY DENSELY POPULATED REGIONS:

@ INITIATE/UPGRADE VOLCANO MONITORING
@ IMPROVE PREDICTION CAPABILITY

@ ‘[ESTABLISH & MAINTAIN EFFECTIVE A
COMMUNICATIONS AMONG SCIENTISTS,
| OFFICIALS, AND POPULACE )

aUSGS
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SOME COMMON-SENSE APPROACHES
IN REDUCING VOLCANO RISK

% Make geologic maps for young voelcanoees,
ideally at 1:25,000 scale or more detailed

% Studyand date volcanic depositstogeconstruct
~_ernuptive style, NistelyAET R IETSIs),

. %5 Prepare hazards cEBisssments aind fflcl ,

 #y Beginor expand volEano mon(to d—ully Ir)
realierinear-real } € to extent pos ..BUT
5 Slmf
. Isieertainly. muc\h‘ better than doing nothlng while ™
hoping/waiting to do “high-tech” monitoring

&USGS

‘lowAech dhonitoring can be LSBTy .




SOME COMMON-SENSE APPROACHES
IN REDUCING VOLCANO RISK”
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7 WOSTIMPBINANT OF ALL . MO8
EDUL ,-\r AL |NV€fLVE THE CIVIL
AU SRS, gitl= COMMUNITIES
“W ED. AND THE NEWS MEDIA
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<G STABL ISH EFFECTIVE COMMUNICATIONS
AMONG ALL PARTIES...IDEALLY, BEFORE
A VOLCANIC CRISIS STRIKES

Merapi Volcano, Java, Indonesia




EXAVMPEES OENONEHECHNICGAISMEANSHIOITENHANGE

AWARENESSIOENOIECGAN ONHAZARD ST EAGIFSH EETSS
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Eruptions of
Hawaiian Volcanoes:
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DEVELORINGIEEEEGHIVE CONMNUNICAYTIONS
ISINOIFAUNIOMAYICHEASYS ORMQUICH

HAZARDS INEFORMATION MUST BE AS CERTAIN
AND PRECISE AS SCIENTIEIC DATA ALLOW

THE REALITY: MOST HAZARDS INFORMATION LACK
THE CERTAINTY AND PRECISION WISHED FOR OR
DEMANDED BY OFFICIALS AND THE PUBLIC

G INFORMATION MUST; BE COMMUNICATED!IN

A MANNER'UNDERSTANDABLE TO OEEICIALS;
NEWS MEDIA, AND THE PEOPLE AT RISK

SCIENTISTS SHOULD NOT ADD TO CONEUSION...
MUST SPEAK WITH'A SINGLE VOICE PUBLICALLY:

G SCIENTISTS MUST ENHANCE THE PUBLIC
AWARENESS OF VOLCANO HAZARDS...IDEALLY

WELL A CRISIS STRIKES




ISHHESDEGISIONMINDOVWESD URIN GWVHIGCH
PUBINH G OEEICGIALESTEAGCEICRINGAIND EEISIONSTABO U,
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DECISION /@ Character and duration of

W|ND\°W escalating unrest can be

highly irregular

\
@ Build-up suggests eruption

A could be possible....
perhaps imminent (!)

@ But scientists cannot

guarantee that eruption
>y \ will NOT occur /
e

Intensity of monitoring parameters

(After C. D. Miller, USGS) Time = = USGS




R EPARAVIOUNIFQUESTIONEORISEGENTISITISTAND

PUBINGIOEEICGIALESHNIEAGIN GICRINTGAINDECISIONS

"DECISION WINDOW" FOR
PUBLIC OFFICIALS

\

\

What is the most
likely outcome of
the escalating unrest?

>

%

RS

Intensity of monitoring parameters

Time >

%
(After C. D. Miller, USGS) 2 USGS




SECHEMATIGOEPOSSIBIEEISCENARIOSIOEOUNCOMES

OEESCALATIN GV OILECAN ONUNRESH)
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SECHEMATIGOEPOSSIBIEEISCENARIOSIOEOUNCOMES

OEESCALATIN GV OILECANONUNRESH)

"DECISION WINDOW" FOR
PUBLIC OFFICIALS
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Back to
sleep

Intensity of monitoring parameters

Time >

g
(After C. D. Miller, USGS) a USGS




SECHEMATIGOEPOSSIBIEEISCENARIOSIOEOUNCOMES

OEESCALATIN GV OILECAN OTUNRESH)

"DECISION WINDOW" FOR
PUBLIC OFFICIALS

Major Major
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SONMEEXAMBEIEESIOEAGHUAIBOUNCOMESIOE
HEIGHTENEDNVOLECANOIUNRESIFOVERSIME

"DECISION WINDOW" FOR
PUBLIC OFFICIALS

Mount St. Helens 1980
Major Mount Pinatubo 1991 Major Rabaul 1994
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VOLECANOEMONITORING

DATATAREIESSENT AL O

PROVIDENHEWIDESIFPOSSIBIEERDECISIONMWINDOWS

"DECISION WINDOW" FOR
PUBLIC OFFICIALS

Intensity of monitoring parameters

Yellowstone caldera?

Long Valley caldera?
Back to

sleep

Mount St. Helens 1980 Rabaul 1994
\ Maj(_)r Mount Pinatubo 1991 Major
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ELEMENIS O ANEEEEGHIVERPROGRA

TOREDUCEVOLCANOHAZARDS
PEOPLE ACTION

EVACUATION (IF NECESSARY)

CONTINGENCY PLANS
DISASTER WARNING

CIVIL AUTHORITIES
(Federal, Regional, Local)

DESL?&?,"M"Z’,‘('EERZS DISASTER PREPAREDNESS
LAND-USE PLANNING

RESPONSIBLE / ERUPTION \ HAZARD WARNING

SN

SCIENTIFIC FORECASTS OUTREACH AND

AGENCY EDUCATION OF THE
AWARENESS-
FORIHAZARDS AROMOTION PROGRAM\\ FHBLIG, MEDIA,

STUDIES AND DECISION

HAZARDS ASSESSMENTS MAKERS
. AND HAZARDS MAPS VOLCANO
o MONITORING
with other PAST AND PRESENT ;
agencies ERUPTIVE BEHAVIOR HAZARDS
ASSESSMENTS,

and

academia AND
SPECIALIZED

STUDIES

<5

[ EFFECTIVE COMMUNICATIONS |

MAPPING & DATING STUDIES OF VOLCANOES
(After Tilling and Punongbayan, 1989)
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VOLECANOMONINTORINGIDATATEROVIDEMHE

SEIENTIEIGBASISIEORIERUBIION EORECASTS

SHORT-TERM FORECASTS

>

POSSIBLE FUTURE BEHAVIOR

PAST AND PRESENT
ERUPTIVE BEHAVIOR
L

MAPPING & DATING STUDIES OF VOLCANOES




VOLCANOMNONIMORINGE Nirelsysternatic collecton)

analysisyanaNnplerprelation eiavisiallenseratiensanalsiiimental
[measurermernts;aVvolCanoes

Ideally, monitoring should be done in
real=time or.near; real-time

Important to establish pre-eruption
monitoring data

=R

VN i
QM monltoringﬁ dCHIEVEdyausing

a compination of: techniguesyratier;
thanrelianceon any particularone

Ideally, pestidone by means of a

-

oy 7 3 P el yiia
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USGESTHAWAIIANNVOLECANOIOBSERVATIORYS
RINMOESI FAUEASCGALD ERASHAVVATIE
VOLCANONONINORINGISINGCEH 92

Mauna Loa Volcano




GOODIEXANVPIFENOEEONGHIERVEBASEININES

MONINORINGHIANATHI FAUEANWOIECGAN O HAVVAII

Summit Tilt of Kilauea 1956 - 1999
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SOME EXAMPILES OF RESPONSES 10
VOLCANIC CRISES SINCE 1976

FAILURES
1976-1977 La Soufriere, Guadeloupe, Caribbean
1982 £1 CAIchon, Mexico

1983- 1985 .',.,._Rabaul ’5apu'a New Guinea

e

1 991 Mount Fglnatubo Philippines

Volcan Paricutin, México.
1947-1952




EXAMPLES OF FAILURES IN RESPONDING
TO RECENT VOLCANIC CRISES
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% EL CHICHG va_,(Jgo- L L 2_,
AN F.EEQ IVE RESPONSE LEADINGG
TOA \oJr DUTEOME FROM THREE N ,
POWEREUL EXZIIOSIVE ERUPTIONS
IN JJ\ WEEK

5 N VADO DEL RUIZ, COLOMBIA, NOVEMBER
1985: A DISASTROUS OUTCOME DESPITE
A HAZARDS MAP, VOLCANO MONITORING,
AND SCIENTISTS’ ADVICE AND WARNING

Merapi Volcano, Java, Indonesia




GEOLOGISIFEREDERICH MULLERREIDEDISCOVERED?
ELCHICHONVOLCANO SOUIHERNIMEXICOINFMO28




HOWELL CHICHONNGOLCANOGIPROBABLY/ILOOKED
TO MULLERREID WHEN HE “DISCOVERED” IT

Photo by Rene Canul,
March 1981




AN EVWSERIVIEWIDESSUNMMINBCRATIERWAS EO RV ED
DURINGHHESOS2ZERUPIIONOEEINGCH | CHON

%

Photo by R. I. Tiliing
2 June 1982




PRE:ERUBIIONIAERIALVIEWIOF ERANCISCONLEON
VIEIFAGESWITH NS GH URGHASHIH EVMAINISTIRUGIURE

Photo by R. Meléndez




POSIFERUPHIONNWVIEWOEMH ENVIEIFAGEIOEERAN GISE0O
LEON OBLITERATEDBY/.PYROCIEASTIC SURGES
DURINGIZ=5FARPRIIFERUPAIONSIOEEINCHI GHON

Photo by R. I. Tiliing
2 June 1982
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EXAMPLES OF FAILURES IN RESPONDING
TO RECENT VOLCANIC CRISES
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AN F.EEQ IVE RESPONSE LEADINGE
TOA \oJr DUTCOME FROM THREE N ,
POWERFEUL EXFLLOSIVE ERUPTIONS
IN JJ\ WEEK

G N ADO DEL RUIZ, COLOMBIA, NOVEMBER
1985: A DISASTROUS OUTCOME DESPITE
A HAZARDS MAP, VOLCANO MONITORING,
AND SCIENTISTS’ ADVICE AND WARNING

Merapi Volcano, Java, Indonesia




SUMMIFOEVOLECANINEVADODEIERUIZFCOIEO N BIAY
EEWIDAYSIAETERMSINOVENBERSEOSSIERURIION

Volcan Nevado del,
Ruiz, Colombia 1985




NEVADOIDEISRUIZVOLECAN OFCOLEONBIATSHOWINGISOME
PAVHSTOEEARARSIGEN ERAVIEDIBYAIH EXM OS5 ERUPIION

Volcan Nevado del,
Ruiz, Colombia 1985




HAZARDS=ZONAYIONIVIARSNEVAD O EISRUIZ

COLEONBIATRPUBLEISHEDVAOGHOBERNMO55

\ B
\_  High ash-fall N et
o ual extent
X of ash fal
oManizales
0 \\
Villamaria

..
.....

QQQ
““““
-

o Venadillo

High lava-flow - High pyroclastic—flow I‘ High mudflow hazard

hazard hazard
Moderate Moderate Mudflows from
hazard pyroclastic -flow hazard MNovember 1985 eruption

%USGS 0 15 kilometers

Topinks, USGSICVE, 1998, Moadlfied from: \Wright and Fiersan, 1992, USGS Clrowlar 1073 ~2USGS




DEVASTATIONIOFARMERG) COLOMBIA, BYLAHARS TRIGGERED

BY/AWERY.SVMALLE ERUPTIONIOENEVADOIDEL RUIZ 13'NGV, 1985;
KILLING =125,000
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1985




THEHM985 NEVADOIDEISRUIZDISASTER:

5 = 15 ARSHVOLCANIC MUDELOWS)

.

5 WORSII| VOLCANIC DISASTERIN'SOUTH AMERICA

5 WORSI} VOLGCANIC DISASTERINTHEWORLD SINCE
1902 MONT PELEEERUPTION(MARTINIQUE)

= =y
Ry

INEEEECGITIVE GG uIUNIC,‘-\'. ONSIAMONGISCIENTISIS;
CUVAEAUI[ORITIES, AND POPULACS

AUTFIOFRITIZES FAILED TO TAKE TIIZRYS ACTIONE
.-; _‘ ?; .: s % - ,. , .‘M " s

; - .
Volcan Nevado del,
Ruiz, Colombia 1985
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OENHEUSGES RARIDERESPONSE SV @B1ISES
VOLCANOIOBSERVAIIORYS PROGRAVIIBEGAN

INMOB6FSPURREDIBYAIHERUIZAIRAGEDY

@ VDAP
(Volcano Disaster Assistance Program)

& JOINTLY FUNDED WITH OFDA/USAID
(Office of Foreign Disaster Assistance)

@ SOME EXAMPLES OF VDAP RESPONSES:
PINATUBO 1991, RABAUL 1994,
POPOCATEPETL 1994-Present,
TUNGURAHUA 1999-Present,

CHAITEN, 2008-Present



EXAMPLES OF SUCCESSEUL RESPONSES
TO RECENT VOLCANIC CRISES
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15, SA MAR ‘J,-\: ;1980:

# MOUNTSTE ,,_,__rg

A CENERAINASIICCESSFUL RESPC 'sE
AND] Olﬁf IICONETOJTS REAWAKENING Y
AFT J’/" YEARSIOF DORMANCY

u

) MO N1 PINATUBO PHILIPPINES, APRIL-
JUNE 1991: A HIGHLY SUCCESSFUL
RESPONSE TO THE LARGEST ERUPTION
IN WORLD SINCE 1912. ACCURATE

ERUPTION FORECAST AND EFFECTIVE
COMMUNICATIONS.

Merapi Volcano, Java, Indonesia




HAZARDS COMMUNICATIONS BEFORE THE
VOLCANOISIREAVWAKENINGHNM 950

MOUNT ST. HELENS,
WASHINGTON, U.S.A.

ASSESSMENT OF
VOLCANO HAZARDS

(Crandell & Mullineaux, 1978)

Published by USGS
In 1978




A SUCCESSUL LONG-TERM FORECAST
OF REACTIVATION AND ERUPTION

“The volcano’s behavior pattern
suggests that the current quite
interval will not last as long as

a thousand years; instead, an

eruption is more likely to occur

within the next hundred years, and perhaps
even before the end of this century.”

— D.R. Crandell and D.R. Mullineaux, 1978




LESS THAN 2 YEARS LATER...PHREATIC
ERUPTIONS BEGIN AT MOUNT ST. HELENS

Flrst ertoien
o 27 Mlires 11980
PHIEalCENIPLONS
2NEFSEISIIGILY,
CORURUENRIeUEN
AAVIiays 960




MONINORINGHIHENEAST=VIOVIN GIVIOVENMENI)
OENMHES BUILEGESSAYSVIOUNIFSIEHEIRENSH 980

27 April 1980 17 May 1980

Summit
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ADVANCING ATMOSPHERIC ASH CLOUD OF
1SIVIAYAERUPIIONFSEENDOVWNWIND
> 200 km DISTANT, EASTERN WASHINGTON

B




ERUPHIONSICANIERODUCENVUIEIEIFEN OIECAN O

HAZARDS EROMPATSINGIEEFEVENISINFAOURS

/ |
MOUNT ST. HELENS,
18 MAY 1980

46°
S | 15'
uth Fork Toutle
%Y | Crater outline
Pyroclastic flow deposits
Mudflow deposits
\( Seared zone
\( Channelized lateral blast zone -
A_Z | Direct lateral blast zone 0 5 10 3
P o ;’Z; Debris avalanche deposit : ' :
I km > I
122°30" 122°00
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MOUNIFSIEHEEENSHARNERS SIVIAYA 950
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EXAMPLES OF SUCCESSEUL RESPONSES
TO RECENT VOLCANIC CRISES

=hL 953

- t> Al
'- .'..’ . —

”5 MOUNT: ST ﬁ\L:]\JD SA MAR \ ,\ 1980:
A GENER '\I__ y2SUUCCESSFUL RESPONSE"
AND GUTCOME TO}TS REAWAKENING &,
ARTE! =RHZE™ EARSIOF DORMANCY '

£y MOUN PINATUBO PHILIPPINES, APRIL-
PJUNE 1991: A HIGHLY SUCCESSFUL
RESPONSE TO THE LARGEST ERUPTION
IN WORLD SINCE 1912. ACCURATE

ERUPTION FORECAST AND EFFECTIVE
COMMUNICATIONS.

Merapi Volcano, Java, Indonesia




PRE=1994VIEWIOENOUNIFEINAYIUBOFEHIEPRPINES
— 2 - NI

Pre-1991 height was 1745 m; reduced to 1486 m
n June 1991 eruption

NG historical ertptiens efore 1991, but gigantic
explosive eruptions oceurred ~ 600 years ago
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PHIERPEINESHABRIIE=VIAYS 901




INITHAIS ERUPAIVE
ACTIVITY OF MOUNT

PINATIUB0)
AERIIE 991
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USGESTANDIEHIVOLESSEENTISTSIDISECUSSINGIEIEIED
OBSERVAYIONSIAYVM OUNIFEINAYTUB0




VOLECANOHAZARDSIMARIQUICKEYAMAD EIBYARPHIVOEECS
ANDIUSESISEENTISTSTEORIVIOUNIFRINAYUBONNNO91
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CONMPARISONIOEERURPTIVE VOILUMES

FOR SOME HISTORICAL ERUPTIONS

% World’s largest since 1912
1991 3%
MOUNT PINATUBO,
PHILIPPINES
1980 (5 km3)
MOUNT ST. HELENS,
WASHINGTON
(0.2 km3)
1912 %
ONERSETA
—
1985 3
NEVADO DEL RUIZ, b
COLOMBIA
(0'02 km3) * World's largest eruption
in 20th century




ELEMENIS O ANEEEEGHIVERPROGRA

TOREDUCEVOLCANOHAZARDS
PEOPLE ACTION

EVACUATION (IF NECESSARY)

CONTINGENCY PLANS
DISASTER WARNING

CIVIL AUTHORITIES
(Federal, Regional, Local)

DESL?&?,"M"Z’,‘('EERZS DISASTER PREPAREDNESS
LAND-USE PLANNING

RESPONSIBLE / ERUPTION \ HAZARD WARNING

SN

SCIENTIFIC FORECASTS OUTREACH AND

AGENCY EDUCATION OF THE
AWARENESS-
FORIHAZARDS AROMOTION PROGRAM\\ FHBLIG, MEDIA,

STUDIES AND DECISION

HAZARDS ASSESSMENTS MAKERS
. AND HAZARDS MAPS VOLCANO
o MONITORING
with other PAST AND PRESENT ;
agencies ERUPTIVE BEHAVIOR HAZARDS
ASSESSMENTS,

and

academia AND
SPECIALIZED

STUDIES
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[ EFFECTIVE COMMUNICATIONS |

MAPPING & DATING STUDIES OF VOLCANOES
(After Tilling and Punongbayan, 1989)
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