Workshop Agenda
July 8 Workshop — Day 1
8.30-9.30 Registration of participants, Coffee
9.30-10.00 | Welcome Adriaan van der Meer, ISTC Executive
Director;
Dr. Frank Schauff, CEO, AEB;
Marina Petrova, Meteoagency of
Roshydromet, Director General,
Academician Evgeny Gordeev
Section A. Volcano monitoring, Moderator: Konstantin Latynin, ISTC
Worldwide warning systems of volcanic
activity
10.00-10.15 | ISTC activity Prof. Waclaw Gudowski, ISTC,
Deputy Executive Director
[10.15-10.30 | Monitoring of volcanic activity and air traffic in the | Kseniya Shavina., Roshydromet,
Russian Federation Duputy Head of Department
10.30-11.00 | Monitoring of volcanic activity in Kamchatka Academician Evgeny Gordeev,
Director of the Institute of
Volcanology and Seismology FEB
RAS, Petropavlovsk-Kamchatsky,
Russia
TT.00-11.30 | Condition and prospects of development of seismic | Dr. Alexey Malovichko, Director of the
supervision on active volcanoes of Kamchatka and | Geophisical Servey, Obninsk, Russia
Kuriles
11.30-12.00 | Monitoring and activity prediction of the Dr. Victor Chebrov, Kamchatkan Branch
Kamchatkan volcanoes using seismological data of Geophysical Survey RAS,
Petropaviovsk-Kamchatsky
12.00-13.15 | Lunch “Marseilles” Restaurant
Section A. Moderator: Valentina Rudneva
13.30-14.00 | U.S. Volcanic Ash Monitoring and Prediction in Ms. Renee Tatusko, NOAA/National
Alaska Weather Service Headquarters
Office of International Activities
Silver Spring, Maryland, USA
14.00-14.25 | Volcanic Activity In Canada Prof. Henry Mantsch,
Department of Foreign Affairs, Ottawa,
Canada, Senior Science Advisor,
Canadian SAC Representative
14.25-14.50 | Monitoring of the volcanic activity in the Kurile Dr. Alexander Rybin, Institute of Marine
Islands Geology & Geophysics FEB RAS, Chief
of SVERT group, Russia
14.50-15.20 | Geophisical observation research for volcano Prof. Hiroaki Takahasht, Institute of

monitoring and magnitude early warning

Seismology and Volcanology, Hokkaido




University, Sapporo, Japan

15.20-15.45 | The new geophysical observatory in Northern Prof. Alexey Sobisevich,
Caucasus: modern system of geophysical Institute of Earth physics,
instrumental observations in the Elbrus volcanic Head of Laboratory of VVolcanology,
area Russia
15.45-16.00 | Coffee ISTC Cafeteria
Section A. Moderator: Academician Evgeny
Gordeev
16.00-16.30 | The IAVW (International Airways Volcano Watch) | Dr. Philippe Husson, VAAC Toulouse
and the Eyjafjoll eruption manager, Aviation Weather Forecasting
Dept_Deputy Head France
16.30-17.00 | Application of experience in GTE FOD Dr. Igor Egorov,
investigations to volcanic ash impact studies Deputy Head of Department, CIAM,
Russia
17.00-17.30 | Possibilities of volcanic plumes diagnostic and Dr. Konstantin Moiseenko, Dr. Andrey
simulation Skorokhod, A.M.Obukhov Institute of
Atmospheric Physics RAS, Moscow,
Ruiccia
17.30-18.00 | Tephrostratigraphy of Kuril islands: evaluation of Prof. Mitsuhiro Nakagawa,
Holocene eruptive activity Earth & Planetary System Science,
Hokkaido Univ..-Sapporo, Japan
18.00-18.30 | Detection of volcanic ash caused by Icelandic Dr. Vyacheslav Khattatov,
Eyjafjallajokull volcano eruption on 14 April 2010 | Central aerologocal observatory, Moscow
using dispersion madels and lidar ohservations
18.30-19.00 | Discussions
19.00-20.00 | Buffet Reception ISTC Cafeteria
July 9 Workshop - Day 2
ISTC Cafeteria
08.30-09.00 | Coffee
Section B. Standardized assessments of Moderator: Albert Gozal
the risks related to volcanic eruptions, in
particular for air traffic, Mitigation of
the global/regional consequences of
volcanic eruptions
09.00-09.30 | Using the Su-30(27) flying test bed for researching | Dr. Anatoly Kvochur , FGUP “PRS”
and impacting the volcano clouds. Gromov Flight Research Institute,
Moscow, Russia — No presentation for
publishing
09.30-10.00 | A global framework for natural hazards and risks Prof. Ahmed Mebarki, University Paris-
Cancelled evaluation : a probabilistic approach for Volcanic Est, France - CANCELLED
Hazards
10.00-10.30 | Reduce the risk of aircraft encounters with volcanic | Dr. Olga Girina, Institute of Volcanology

ash clouds in the North Pacific region

and Seismology, Head of the KVERT,
Kamchatka




10.30-11.00 | Standardisation of volcano early warning and alert | Ms. Carina Fearnley, Aon Benfield UCL
systems: lessons from the US Geological Survey Hazard Research Centre, UK
and the 2010 Eyjafjallajokull ash crisis in the UK
11.00-11.30 | Explosive volcanic eruption and other atmospheric | Prof. Alexander Ginzburg, Deputy
aerosol catastrophes Director, A.M. Obukhov Institute of
Atmospheric Physics, Russian Academy
of Sciences
11.30-12.00 | Ash fall impact: the consequences of eruptions, Ms. Victoria Sword-Daniels, UCL
standardization of data gathering for risk Earthquake and People Interaction Centre
assessment, and the need for holistic mitigation (EPICENTRE), UK
solution
12.00-13.15 | Lunch “Marseilles” Restaurant
Moderators:
Section C. Ongoing and planned research | Academician Evgeny Gordeev, Prof.
project. Hiroaki Takahashi, Dr._Phlllppe Husson,
Prof. Waclaw Gudowski
13.30-14.00 | Forecast and dynamics of eruptions of the Nothern | Academician Evgeny Gordeev, Director
group of volcanoes (Kamchatka) for promotion of | of the Institute of VVolcanology and
safety to population and reducing their impact on | Seismology FEB RAS, Petropavlovsk-
the environment Kamchatsky, Russia
14.00-14.30 | Satellite and ground-based monitoring of volcanic | Prof. Valery. Sorokin, IZMIRAN,
activity Troitsk, Moscow reg., Russia
14.30-15.00 | Pleistocene - Holocene late collision volcanism of | Dr. Khachatur Meliksetian, Senior
the territory of Armenia and volcanic hazard Research Scientist, Laboratory of
assessment. Volcanology, Institute of Geological
Sciences, Armenian National Academy of
Sciences
15.00-15.30 | Flying research and test-control laboratory for a Dr. Artashes Arakelyan , ECOSERV
remote monitoring of the Earth surface and Remote Observation Centre Co. Ltd.,
| atmosphere. Yerevan, Armenia
15.30-15.40 | Ecological and geodynamic monitoring of Prof. Valentin Mikhaylov, Institute of
hazardous natural and anthropogenic objects based | Physics of the Earth, Moscow, Russia
on comprehensive interpretation of satellite and
surface data
15.40-16.10 | Discussions and closing of the workshop.

Panel: M. Petrova, H. Takahashi,
P. Husson, E. Gordeev, W. Gudowski




RESOLUTION
OF THE INTERNATIONAL WORKSHOP

“Worldwide System of Early Warning against VVolcanic Activity and Mitigation of
Global/Regional Consequences of Volcanic Eruptions”

Moscow, Russia, 8-9 July 2010

European community was unprepared to deal with volcanic ashes phenomena on such scale and duration.
There is little scientific evidence in this area, most of the data is missing, there is no available risk
assessment to enable policy makers to react to scientific evidence. Actions must be taken now to ensure that
other unforeseen disasters are better planned for. The scientific community needs to be more proactive and
the response from scientists must be timely and tailored to the needs of policy makers. Multidisciplinary
approach is essential for success of these activities.
To sum up presentations, made during the Workshop by the leading experts in volcanology from Russia,
European Union, US, Japan, Canada and Armenia, and contributions by representatives of
ROSGIDROMET, ROSAVIATION and other relevant organizations and ISTC management, and
subsequent discussions, the Workshop participants wish to come up with the following recommendations:
1. Appreciating the ISTC for its activities and recognizing the relevance of the further strengthening of
international science and technology cooperation to ensure global and regional security during volcanic
eruptions, consider worthwhile to expand the ISTC involvement in this area through support of research and
development and the related activities in Russia/CIS.
2. The Workshop notes a high scientific potential of experts in volcano research and availability of highly-
skilled staff, which opens up prospects for increased involvement of the leading organizations in the joint
international projects, also through the attraction of the ISTC’s funds and its organizational resources.
Further research should be conducted on the basis of co-funding by governmental agencies and through
attracting private investments, including private and public partnership as a format of cooperation.
3. Considering that even minor eruptions may cause incommensurable economic losses, recommend that the
public authorities seek to promote a closer and properly regulated interaction between services in charge of
volcano monitoring and those ensuring safety of air traffic, such as national meteorological services and
aviation authorities. It must be recognized that volcanologists, meteorologists and the aviation authorities all
provide a critical function.
In this context it is recommended that up-to-date technical systems of active volcano monitoring using
surveillance equipment of ground and space deployment and methodic support of the monitoring process be
implemented in a broader way, meanwhile improving the methods of volcanic eruption risk prediction and
evaluation.
4. Recommend that the ISTC management put the research, complying with the subject and goals of projects
and programs in the sphere of global and environmental security, implemented by the states, represented at
the workshop, on the list of priorities.
In doing so a special attention should be paid to:

o Development of technologies and equipment;
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» Assessment of the impact of volcanic ashes on aviation engines and environment.

e Development of new analytical methods and instrumentation to provide a high-quality base to be
used for analyzing the condition of the environment and for conducting basic and applied
research;

e Basic research of reasons, mechanisms and consequences of the environmental changes. provoked

by volcanic eruptions;

e Development of equipment and technologies, ensuring monitoring of volcanic eruptions.

o Drafiing reccommendations on the risk mitigation for the population in areas of manifested volcanic
activity;

e Development of methods and techniques for prediction of volcanic eruption product transfer and
precipitation in the atmosphere, including chemically active changes. Investigate into possible
precipitation of volcanic clouds by aircrafts;

e Construction of a pilot satellite system for monitoring precursors of volcanic eruptions and the
related air transport risks;

e Promote training and procedures testing through exercises involving volcanologists, meteorologists,
civil aviation traffic management in cooperation with the Volcanic Exercises Steering Group
(VOLCEXISG) of the International Civil Aviation Organization (ICAQO).

5. To implement the abovementioned recommendations and to ensure coordination of activities, related to
the adopted Workshop follow-up program it is suggested that a Task Force be set up to be composed of
representatives from the ISTC, public authorities from the states, represented at the Workshop and research

organizations.

6. Request that the Workshop organizers prepare and publish the Workshop Proceedings, and put

presentations to the ISTC website.

7. Recommend the 1STC to provide support in organization of a conference on volcanic ashes in the US

(Alaska) in May 2011.

Workshop Co-Chairs:

Pyof. W. Gudowski

Acad. Gordeyev E.1.
Director : / ,)//
Institute of Volcanology and Seismology Internatic : nd Technology Center



“Worldwide early warning Sﬁ:tem of
volcanic activities and mitigation of the
global/regional consequences of
volcanic eruptions”,

Moscow, Russia, July, 8-9

Prof. Waclaw Gudowski
Deputy Executive Director
ISTC

8-9 July 2010
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Europe 'totally unprepared’ for volcanic
as

 Roland Schenkel (head of the European
Commission's Joint Research Centre) at the
EuroScience Open Forum (ESOF) in Turin, warned
that Europe was "completely unprepared” for the
incident.
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Schenkel’s assessment~. | 7
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e Many previous instances [of aircraft flying through
volcanic ash] were known," .

 "In some instances engines stopped and when the planes
came out the engines started again. But we did not ask
questions about what happens if such an incident would
block travel between Europe and the US.

"There was little scientific evidence. Most of the data
was missing. There was no available risk assessment to
enable policy makers to react to scientific evidence."
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Schenkel’s assessment e s

A European Commission recently called for better modelling of
outcomes and systems to measure ash concentration. And engine
manufacturers are currently conducting experiments to build up
evidence in the hope of avoiding a repeat of the economic damage
caused by the eruption.

Action must be taken now to ensure that other unforeseen
disasters are better planned for.

"The scientific community need to be more proactive,

"The response from scientists must be timely and tailored to the
needs of policy makers. Horizon scanning is essential,"
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An ambition of our workshop.is t
addresses most of the concerns
expressed by scientific community.
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ISTC is a very suitable platform for:
“Interdisciplinary, international
approach which is essential”
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MOHUTOPUHT BynKa
nesATenbLHOCTN U opra
npeaynpexneHun o Heu B
BYNKaHM4YeCKOro nenna
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KoopanHauna oencTtBMn OTBETCTBEHHbLIX CTOPOH

Cnyx6a cnexeHus 3a ByJIKaHUYE g
3apnadven aeATenbHOCTU ee 9 3a
obnakamu BynKaHu4Ye
MapLUPyTOB

IAVW

HabnwoageHus KoHcynbTaTtuBHas

- nHdopmaums /

npeaynpexaeHns

HabnoaeHns, nponssogumble
Ha3eMHbIMWU CTaHLUAMM,

BXoAsiLme B MexayHapoaHble
ceTn HabnwaeHun, He3aBUCUMO
OT Ha3Ha4yeHus

NOTAM/ASHTAM (PL,
LIAV/CAN)

CneunanbHble OHECEHUS C
bopta BC

SIGMET (OMC)

HabntogeHnsa co crnyTHUKOB (B T.u4.
HeEMeTeopOororM4yecKux)

KOHCYINbTaTUBHbIE COOBLLEHNS O
BynkaHundeckom nenne (VAAC)




1. Bynkanosnoruueck
2. ABUAIIMOHHbBIE
3. DKHUNaXU BO3T

4. Oprasnbl METEOPOJI

5. Opranbl €IMHOM CHUC JIBUKCHUS




OcHOBHBIC IMOJIOKCHUA, OIPCHACIIAR0 (V1)

1IN

CnyxO0bl clexeHus: 3a
CnpaBouyHuke 1m0 CJI

MEKIYHAPOAHBIX aBHATP

OCHOBHBIM PYE ONIACATEIILHBIN U

MHCTPYKTUBHBIA Ma >Tca «PykoBoacTBo mo

o0J1aKam BYJIKAHNYCCE MaATEPHAJIOB U TOKCHYCCKHUX

b .

JIMHUEHN 3allilUTBl  SABJIAIOTCA

XHMHYECKHX BemecTB» (

B Doc. 9669

BYJIKAQHOJIOTHYCCK yJlararoT CCTBhIO AaTYUKOB,

WHTEPIPETUPOBATH BECH
ATYMKOB U TIE€pPE/IaBaTh

OB».




BysikaHosoruyeckue 00cepBaTOPpMM TIEPBBIMU  HAOJMIOJAIOT 34
BYJKAHUYECKOW  JEATEIBHOCTBIO W  ONEPaTUBHO  MEPEHAAIOT

uHpopmannio aOOHEHTaM IO 3apaHee YCTAHOBJICHHBIM CXEMam
(coomeemcmeyrowmum ACC, MWO u VAAC).

ABHALIMOHHDbIE METEOPOJIOTHYECKHUE CTAaHIUH/IEHTPHI,
HaxoJsIIMecs B TpeAenax MpsSMOW BHUIAUMOCTH OT BYJIKAHOB,
BBIIIYCKAIOT CBOJKY O BYJIKAHHYECKOM [EATEIBbHOCTH. B ciayyae
YXYIIICHUs] BUJUMOCTH 3a CYET PACHpPOCTPAHEHHS Ha a’3poApPOMeE
BYJIKAaHMYECKOTO IeTUIa, JaHHOE SBJICHUE BKIIOYAETCS B MECTHBIC
ceoaku u ceoaku METAR/SPECI, a takxke, npu HEOOXOIUMOCTH, B
nporHo3 1o a’poapomy (TAF).

C oopra Bo3aymsbIx cyaoB (BC) mpoBomsTcs creluaibHbIC
HaOmoAeHus, KoTopble mnepenatoTcs opraHam OBJI, kotopsie, B
CBOIO odepenp, HE3aMEJIUTEIBHO HAMPaBIISIIOT UX
COOTBETCTBYIOIIEMY OpPraHy METEOPOJIOTUYECKOTO CIICKEHUS WIIN
a’3pOJIPOMHOMY METEOPOJIOTHYECKOMY oprany. Kpome Ttoro, mno
npubObiTun  BC  Ha aspoapom oskxunax BC  cooOmiaetr B
METEOPOJIOTUYECKUN OpraH yCTHYIO MH(POpPMAIUIO O BYJKAHUYECKOM
AESATENbHOCTH, HAOMIOAABIINXCA BO BpEMs MOJIETA.




OpraHbl meTeoponorunyeckoro cnexeHmna (OMC/MWO) npu nonyyeHun
MHdOPMaLINK O BYJIKAHUYECKOW AEATENbHOCTU COCTaBMAOT U BbiMyCKaloT
nHdopmaunto SIGMET o6 obnake ByrnkaHunyeckoro nenna. MWO cobupatoTt
OOHECEHMA, NonyveHHble ¢ 6opTa BO34YLHbIX CyaoB Yepes opraHsl OB n
HanpasnswT APYrMM METEOPOSIOrMYECKUM OpraHamM B COOTBETCTBUM CO CXEMOWN
obmMeHa meTeoponorndeckon MHdopmaumnen, a Takke NCNOMb3YT And
nocriegyrouiero Bbinycka coobuweHmnn SIGMET.

OpraHbl eaAMHON CUCTEMbI OpraHM3aumMm BoO3AyLWHOro ABMXKEeHUs
COCTaBnAT U BbinyckatoT Hgopmaumio NOTAM/ASHTAM n HanpasnsoT
3anHTEpEeCcOBaHHbIM NOSIb30BaTENAM B COOTBETCTBMN CO CXEMOM OOMEHa
NHopMaL MK

PanoHHbIe gucneTyepcKkue LeHTpbl nepeaatoT MHopMaumio O BYSIKAHNYECKOMN
OEeATENbHOCTU HaxoasLWmMMCes B NnoneTe Bo3ayLHbIM cydam, KOTopble MOryT BbITb
3aTPOHYTbl 06f1aKoM BYJSIKAHMYECKOro nenna, n uHgpopmmposats PL B
cooTBeTcTBYOWMX coceaHmx P, MWO un VAAC.

T




KoHcynbTaTuBHbIE LeHTPbI NO ByrikaHn4dyeckomy nenny (VAAC) no nonyyvyeHuu
NHdOPMaLNK O BYSIKAHUYECKOM N3BEPXKEHUN U/ NOABIIEHUM obaka
BYJIKAHMYECKOro nensia QOSMKHbI:

— 3aJencTBoBaTb MOAESb TPaEeKTOPUNn ,D,BVI)KeHVIH/paCCeMBaHI/IFl BYJ1IKaHN4YECKOIo
nernna,

— U3YYnTb CMYTHMKOBbLIE U APYrMe OaHHbIE C Lernblo OLEeHKN BO3MOXXHOCTU
onpeaeneHusi obnaka BynkaHNU4YeCcKoro nensa n MmaclTaboB ero pacrnpocTpaHeHUs;

— MNOArOTOBUTb U BbIMYCTUTb KOHCYSIbTaTUBHYO MHOpMaUnio 0 MmaciTabax
pacnpoCcTpaHeHMsa U NPOrHO3MPyeEMOU TpaekTopun ABMKEHUS obnaka
BYyfKaHWU4YeCKoro nenna B Buae cooblieHna n/mnmn rpadonuveckoro n3obpakeHns ang
nepenayun coorsetcreyowinm MWO, ACC 1 aBuakoMnaHUam, OYHKLNOHUPY LM
B panoHe otBeTCcTBEHHOCTU VAAC,

— BECTU KOHTPOJSIb 3a nocreaywLen nHpopmaumen, noctynaroLwen co CrnyTHUKA,
ON9 oKasaHMsa NOMOLLM B OTCREXNBaHUKM ABWMXKEHUST obnaka BYNKaHN4YeCKoro
nenna;




BcemupHblie 1 permoHanbHble LLeHTPbI 30HaNIbHbLIX MPOrHO30B MNpu MNoJlydeHun
MHJPOPMAaLMN O BYJIKAHNYECKNX N3BEPKEHUAX BKITHOHAIOT CTaHO4APTHbLIA CUMBOJ
«BYJIKAHNYECKOE U3BEPXKEHME» B MPOrHO3bl 0CObbLIX aBneHun norogbl (SIGWX),
TEM CaMbIM HarMnoMuHas nNMnoTamMm 0 HeobxoaAMMOCTN NPOBEPSATL COOOLLEHNS
SIGMET, oTHOCALWWMECH K JaHHOMY panoHY.
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KpaTkun aHanun3 pearmpoBaHUsi OTBETCTBEHHbIX opraHnsauuu PO B
YyCNOBUSX BYJIKAHUYECKOro U3BepXeHus ByJiKkaHa dAPbATNANOKY b

B Poccunckon ®Pepepaunm onpenenieHol 49
cnexenmna (OMC), 22 us
VAAC Tynysa.

B  MeTeOopOoJyiorm4ecKkoro
BEHHOCTU

[lepBOe KOHCYNbTaTMUE NOKYINb
ObIN0 nonyyYyeHo OT 03)e ObIno
NONy4YeHO COOBLLEHNE KOMeHZ0Banochb
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MepBoe SIGMET
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CoobuweHna SIGMET u ceogkm METAR o ByrnkaHuW4Yeckom rnenne nepegasanncb
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Pocrmgpomer n ero OMC npegnpuHanu Bce HeobxoauMmble Mepbl MO

OrMOBELLEHMIO:

. opraHoB EguHOM cuctembl opraH BO34YLLUHOIO  OBWKEHUS

Poccumnckon denepaunu;

. OOIMKHOCTHBbI EHW Mo
NPON3BOACTE TEPHbIX

PENCoB;

. rmgpomeTcny Daumu;

. MuHucte ) nenam rpaxgaHckom

0OOPOHHI, Bugaumm  nocneacTeumn

CTUXNNHbIX 6eaCTBUI y of Russia).

OpraHbl ynpaBrieHusi BC Braunm MHOOPMUPOBaNUCL B

onepaTtuBHOM pexunme I MO BBOAY OrpaHU4YeHun

NnosieToB BO3A4Y pocTpaHcTBa PO.

Pa0oTH

cynbTaumMm pyKoBOAOSILLETO,
ocoboe BHMMAaHME Ha
MapLupyTam MosieToB




Takum obpa3oM, NpeacrasnsieMasi Nonb3oBaTensaM MHdopMaLums 06 N3BepPKeHUn

BynkaHa 3sbsaATnanoKkyb U pacnpocTpaHeHnmn Oro C 9TUM U3BEP)KEHNEM
obnaka ByrfKaHM4Yeckoro nen

GopToBOWn norofbl, Nony
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Kpome aToOro, opra
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OpraHusaunoHHble MeponpuUATUs, npeanpuHumaemsoie B PO

[MpyvHMMas BO BHMMaHWe Liaru, NnpeanpuHaTble MexayHapoaHbIMU OpraHn3auvsaMm
MO COBEPLUEHCTBOBAHUIO WHOPMaLUUN O BYNKAHWYECKON [OeATenbHOCTU, B
Poccuiickon Pepepauum ObinvM npoBeAeHbl MeEPONpUATUSA, HarpaBneHHble Ha
KoopAuHaLno paboTbl BEAOMCTB:

OnpeneneHa CTpyKTypa, Ha3HayeHHas On9 WUCMOJSIHEHUS  PYHKUNK
BYfKaHomnorm4yeckon obcepBatopum B COOTBETCTBME C npuHUMnamn ICAO wn
obecneymBarolass MOHUTOPUHI  BYJIKAHOB OanbHero Boctoka (AHcTuTyT
BynkaHosnoruu n Cencmonoruu JansHe-BoCcTO4HOro otaeneHus)

[oToBUTCA Cornawenuna wmexay [lofiHoMo4YHbiM MeTeoponornyeckmum
opraHom (Pocrugpowmer), ByrnkaHonornyeckum opraHom (PAH) n lNonHOMOYHbIM
AspoHasurauymoHHselM opraHom (PocaBuaumd) - B COOTBETCTBUM C MOJSIOXKEHUAMM
CnpaBoyHuKka Mo crnyxbe cnexeHuss 3a BYfKaHWYECKON [OEATENbHOCTbIO Ha
MeXxayHapoaHbix aBmaTtpaccax (IAVW) - ICAO Doc 9766..



Kpome moezo, npednonazaemcsi op2aHuzoeamb KoHcynnbmamueHbIU UeHmp
no eysikaHu4Yeckomy nensny e P® Ha 6a3se I'Y HINO «TaugyH»

B cootBetctBuM c [llpunoxeHmem 3 ICAO Kk KoHBEHUMW O MeXayHapoaHOW
rpaxkgaHckon asuaumm «MeTeopornormyeckoe obecnevyeHne MexayHapoaHoum
aspoHaBurauum» Heobxogmmo, 4tobbl [OcynapcTBO, KOTOpoe OepeT Ha cebs
OTBETCTBEHHOCTb 3a co3aaHne VAAC obecneymBano, YTobbl AaHHbBIN LEHTP:

a) cnegunn 3a cooTBeTCTByrOLLMMU JaHHBIMWU CINMYTHUKOB,

b) 3a0encTBOBall  YMCIIEHHYO  MOAeSflb  OnpedernieHusi  TpaekTopuu
nepemeLleHusi/paccesHns BySikaHUYeCcKoro nenna.

C) BbiMycKaln KOHCYNbTaTUBHYIO WMH(OPMAaLNIO OTHOCUTENBHO MOLLIHOCTU U
MPOrHO3MpyemMoro nepemMelleHnsa obnaka BynkaHM4eckoro nensa ans.

- OMC,POLU v UMK,

- opyrux VAAC,;

- BCEMUPHbIX LLEHTPOB 30HarbHbIX NPOrHO308,

- MexayHapoaHbix 6aHkoB gaHHbIx OPMET,

- opraHoB mexayHapoaHbix NOTAM,

- LLEHTPOB 3KcnsiyaTtaunm CnyTHUKOBbLIX CUCTEM PACCLINIKN OaHHbIX;

- aBMakoMnaHuu, 3anpaLumBaroLLMX KOHCYSIbTaTUBHYO MHJOpMaLUIO.



Kpome TOro, MyHKUMEN METEOPOSIOrMYECKUX OpraHoB Mpu BYJNKaHUYECKMUX
N3BEPKEHNAX HABMNAETCA MOHUTOPUHI KOHLIEHTpauunM BYNKaHMYECKOro nensa B
atMocdepe n npenynpexneHne aBuauMOHHLIX MNONb3OBaTENeEn Mnpu nepexoae
3Ha4YeHUN KOHUEeHTpauun 4yepes3 yCTaHOBJIEHHbIE MOPOroBble 3HAYeHWUs, KOoTopble
OyayT OennTb BO34YLUHOE MPOCTPAHCTBO Ha 30HbI, 3anpeLlleHHbie AN MosieTos,
30Hbl OrpaHU4YeHHble ON9 MOoSIeTOB BO BpPeMEeHWM U  30Hbl  pPacLUMPEHHbIX
BO3MOXHOCTEWN.

Ons obecneyeHns MOHUTOPUHTA KOHUEHTpauuu BYNKaHUMYECKOrO nMenna B
aTtMmocdepe Heobxoanmo:

- [lpoBecT uccriegoBaHUe CYLLECTBYIOLMX WUHCTPYMEHTarbHbIX MeToO0B
HabnoaeH 3arpsasHeHns atmocdepbl NPoayKTamMu BYNKaHUYECKUX N3BEPXKEHUIA U
paspaboTtaTtb TEXHOMOrMK HaOMAEHUI C UCMNOMb30BaHUEM PaANOSIOKALIMOHHbIX,
CMYTHUKOBBIX, Na3epHbIX U Ap. METOAOB;

- YcoBeplueHCcTBOBaTb MOAENU MepeHoca 3arpsA3HeHus B aTmocdepe
MPUMEHUTENBHO K N3BEPXKEHNSAM BYFKAHOB;

— Paspabotatb MeToabl oOnpedeneHnss wn  nporHo3da  abcontoTHOW
KOHLEeHTpauuu nensia ¢ y4eToM MOPOroBbIX 3HAYEHUIN SOMYCTMMON KOHLEHTpauum
nenna (C TOYKM 3pPEHUS aBMaALMOHHBLIX NOSfib30BaTeneun N 3KCnyaTaHToB);

Takke HEOBXoAMMO NPOBECTU KOMMIEKC MEP MO KoopAuHauMM OENCTBUMA B YacTu
npousBoacTBa rnobanbHbIX HabnwogeHun 3a obriakamy ByrKaHMYECKOro nenna,
obmeHa aTon nHdopmaLumnen B KBa3n-onepaTMuBHOM pexume.






Cucrembl HaONOAOEGHUN U C
3a aKTUBHOCTbLIO BYJI






B Kypmio-KamuyarckoM pernone HacuuThiBaercss 69 pecTBy
BYJKAaHOB, 4TO cocTaBJisieT 10 15 % oT 0011ero KoJu4ecT
“THX00KeaHCKOr0 OTHEHHOI0 KOJIbLIIA .

E:KeroaHo B COCTOSTHUU U3BEPKEHUS HAXO0AUJIO0Ch

CymmapHbiil 00beM U3BEPKEHHBIX MPOAYK
cocTaBuJ okoJio 0,5 km3.

IMogaBasiroIi BKJIAA BHECJIHR DKCT
usBep:keHus ByJakaHa lluseiy
km3), Bespimauuoro (~ 0,05
ussep:kenue Iuka Capnb



Shiveluch is the northern and more active volcano in Kamchatka
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Kliuchevskoi VVolcano
from Space Shuttle
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Active volcanoes of Kamchatka and the Northern Kurile Islands

KOoHTpOnb COCTOAHUSA BYF
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dakTorpadumyeckaa 6asa AaHHbIX «AKTMBHOCTb ByfkaHoB KamuyaTku>»
O600LaeT pesynbTathl 06paboTkM CENCMUYECKMUX, CMYTHUKOBDI
BM3yarnbHbIX U BUAEO HabnoaeHnn 3a Hanbonee akTUBHBLIM

KamuaTtku.

Ha ocHoBaHUW 3aperncTpupoBaHHbIX AaHHbIX MNP
COCTOSIHUSI BynkaHoB KamuaTtku u onpeaensie

basa cooepXut MHMOpPMaUno O COCT
2000 .

OGHoBNEHNe nponsBoanTCs
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CencmuyHoctb CeBepHOU rpynnbl BYJNIKaHOB

Http://data.emsd.iks.ru/klyquake

Hoxthern group of Wolcanoes |[[ate T Lat  Lon H Es Ml 4| Kamchatka
2009401401 00:06:56.6 56.63 161.31 0.3 4.8 1.6 ™ Station "
009707 /01 [1 month =] ”l rppl [2009/01/01 04:34:05.8 56.63 161,31 0.3 4.9 1.7
T Erm— 2009401401 06:30:17.7 56.63 161.30 0.3 4.1 1.2 ™ Volcanoes o
dft fate tEnd 2009701701 09:44:12.9 56.06 160.65 -2.3 6.7 2.6
Data from 2008/01/01 to 2008703727 2009701701 10:16:46.7 56.05 160.65 -2.9 5.7 2.1 =]
_ Bnk.besbiMaHHbIN  Brik.KntoueBckon Bnk.lWUnsenyy
Brk.LUveeny 4 Y 5
Ay 100 1 S0k
’ distance
_________________________________ .-.__ -
&
~ Bnk.KntoyeBckon e ® T

5600 S
Bnk|Be:

L .!::;I S ’ L)
.50 o ‘I — mde;ﬂ

160.00 160.40 160.80 161.20 161.60




CencMMNYHOCTb ABa4YMHCKOU rpynnbl BYJIKaHOB
Http://data.emsd.iks.ru/avhquake

Mracha yroup of Velcanoes Date TO Lat Lon H Kz Hl + | Ramchatka
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KOHTPOIJIb BYNNIKAHUYECKUX
U3BEPXXEHWUU NO CEUCMMU-
YECKWUM OAHHbLIM

PacnosHaBaHMe npoucxoaawmx
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Cxamad ewpeoHabnigednit 18 ByNHaHamu
Knuovesckon, BeasimanHsIWw, IWnsanyy

Menpepuichnie suduonabnmodenun aedymca ¢
momMowbe yuppodsx acdeoNamp ¢ npuarixod
¥ wkang abconNiomHoO20 @pEMeHll € NOMOULIO
GPS-npuesmnunce, Kamepk: ycmanoanens: @
gexmpax npuama paduomenemempu4eckol
unihopimagus @ noc. Kmovu u KoawipescK




CnyTHMKOBBbIE JaHHbIE 0 BYJIKAHUYECKON AKTUBHOCTH

IleruioBbie BHIOPOCH

+ Sheveluch

Sheveludh Yukypauku, 2003
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OMEPATUBHbLIA MOHUTOPUHT
CnytHukn cepun NOAA AVHRR (NOAA-16, NOAA-17, NOAA-18
AaHHble NPUHUMAIOTCA B ONEepPaTUBHOM peXXume Ao

NPOCTPAHCTBEHHOE pa3peweHne 1.1 Kkm
AHaNM3UPYIOTCA BY/ZIKAHOreHHble TepMasibHk
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CnyTtHuKu cepuun TERRA (MODIS n AQUA)

HecKoabKO CHUMKOB B CYTKU. [IpocTpaHCcTBEHHOE pa3peweHue ot 250 m ao 1 Km
AHanNu3NpyTCA BY/IKAHOTEHHble TepMaJ/ibHble aHOMa/IMU U NenaoBble Wwaendbi

MennoBblie wneidbl 0
uiona (31m32) (a);







96°10'0": . W,

6°0'0": . W,

CnytHuk TERRA ASTER

MoBTopeHue opbuTbl pas B 14 cyToK. NpocTpaHcTBEHHOE pa3peLweHue oT 15 m go 90 m B

BUAMMOM U MHPPAKPACHOM AUuana3oHe.
[eTanbHbl aHANNU3 BYJIKAHUYECKUX NPOLLECCOB — TePMaJ/ibHble aHOMA/INU, BYJIKAHOTEHHbIE

OT/I0XKeHUA n ux mopdonorusa, nennosble wnemdbl.
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Ozone Monitoring Instrument (OMI)

Ozone Monitoring Instrument (OMI) ycTtaHOBIEH Ha DOPTY UCKYCCTBEHHOIO
cnytHuka 3emnin AURA (NASA EOS), BbiBeileH Ha opbuty 14 nionga 2004

OMI - aBnsieTca coBMeCcTHOM pa3paboTkon ["onnaHacKoro a3pokoCMUYECKOro
areHTcTBa, PUHCKOro meteoporsiorndeckoro nHcTutTytTa u NASA

XapakTepucTuku

[ MnepcnekTparbHbl paguoMeTp:
- 270-500 nm gnana3oH AfnHbI BOJSIHbI
- cneKkTparnbHoe pa3pelleHne 0.5 nm

- NPOCTPaHCTBEHHOE pa3pelleHne 13x24 KM/NuKce
- lWKMpnHa nonockl 063opa 2600 KM
- YacToTa CbEMKM 1 pas B CyTKK

Ob6HapyxeHune cogepxalmxcs B
O;, NO,, BrO, OCIO, SO2, HC
Asposonu (abim, nenen
O6na4yHbIN NOKPOB



Ozone Monitoring Instrument (OMI) npuweén Ha CMeHY CBOEM
npegwecTtBeHHNKY Total Ozone Mapping Spectrometer (T
KOTOPOro npogosmkanacb Heckonbko gecatuneTtum (Nim
Meteor-3: 1992-1994, Earth Probe: 1996-2005)

TOMS

Aura/OMI — 08/20/2007 02:47-02:50 UT — Orbit 15579
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The Chikurachiki volcano eruption in 2007

Aura/OM — 09/22/2007 02:55—03:01 UT — Orbit 16848
152 154 156 158 160 162 164 164 183

ash plume

152 154 186 158 160 162 _ 164 166 168
50, colurnn [D.U]

0.0 0.2 0.4 [N C.8 1.0 T2 1.4 1.6 1.8 2.0



Kasatochi SO2 Cloud
August 12, 2008




Pap,apH blé CNYyTHUKOBbIE AaHHbIE

ALOS PALSAR

Papap L-ananasoHa (23,5 cm)
PALSAR yctaHOB/EH Ha CNYyTHUKe
ALOS.

lNpocTpaHcTBEeHHOE pa3pelueHue
ot 7 po 100 meTpos. Nepunoz
noBTOpPEHUA opbut — 46 ¢

NMocTtpoeHue
penveda,




ALOS PALSAR DEM




AHanun3 pedpopmaumnii BynKaHa be3biIMAHHbIN
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Deformation
-8 to -3 cm
—3 to 0 cm
0 to 2 cm
2 to 4 cm
4 to 6 cm
6 to 8 cm
8 to 9 cm
9te 11 cm
11to 14 cm




U3sBepxeHne BynkaHa lNuk CapbiyeBa B ntoHe 2009 r.
73"

b L Sea of Okhatsk

-

BrapokcusmarnbHas
¢aza nasepxxeHus

Coniact: Simon Cam (scam@mtu.edu)

Ha nonosuHe octpoBa Marya
YHUYTOXeHa pacTUTENBHOCTL . ] ‘ . . . . . ‘ o

SO, column [DU]

0.5 08 14 1.8 23 2.8 32 38 4.1 45 5.



CMACUEO 3A BHUMAHME




ISTC International Workshop
"Worldwide early warning system
of volcanic activities and
mitigation of the global/regional
consequences of volcanic
eruptions"

COCTOAHUE U NEPCINEKTUBbLI PA3BUTUA
CEUCMUYECKUX HABNIOOEHUU HA AKTUBHbIX
BYJIKAHAX KAMYATKU U KYPUTIBCKUX OCTPOBOB

A.A. Manoesuu4kol, B.H. Heb6poe?, C.Jl1. CeHtrokoeg?2, A.B. PbI6buH?

1 ['eopusuyeckas cryxba PAH, 2. O6HUHCK

2 Kamyamckuu cpunuan 'eogpusudeckol criyxbul PAH,
2. [Nlemponaesnoseck-Kamyamckuu

3 IHcmumym mopckou eeornozuu u eeoghusuku [JBO PAH,
2. KOxxHo-CaxarnuHck

Moscow, Russia, July 8-9, 2010



Japan - Kuril islands - Kamchatka
19 region according Flinn-Engdahl seismic regionalization scheme

2008 M>=5.0
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n - total energy (%)
® Longitue®’ ﬂ - number of EQs



Ha KamuyaTtke un Kypunbckux octpoBax okosnio 100 BynkaHoB, U3 HUX 65
OEeNCTBYIOLLMX, cpean KOTopbIX ByrkaH Kntovesckon

(4750 m) — camblin BbICOKUI OeNCTBYOWMIA BYIikaH EBpasnn. ExerogHo Ha
KamuyaTke n Kypunax npoucxogut HECKOSIbKO U3BEPXKEHUN BYSIKAHOB.

BynkaH KnrouyeBckon
H= 4750 m
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OueHKa COCTOSIHUA N pa3BUTUS aKTUBHOCTU AEMCTBYHOLLINX
BynkaHoB Kamuyatku n CeBepHbix Kypur, a Takke oueHka onacHbIX
SIBNEHNN, CBA3AHHbIX C UX U3BEPXEHUAMU, ABAAETCS OQHOW U3
rmaBHbIX 3aga4y Ang odecrne4vyeHnss 6e3onacHOCTM HaAcerneHus u
aBMaLMOHHbIX MNOSIETOB.

OcobeHHOCTN Taknx N3BEPXXEHUN N CTeNeHb BYNKaHU4YEeCKOM
OMacHOCTM OT HUX YyCTaHaBNMBAETCA HA OCHOBE U3YyYeHUS NCTOPUM
aKTMBHOCTW BynKaHa u onpeaeneHust Tuna, Cunbl U reofiorm4eckoro
adopeKkTa ero N3BEPKEHNMN.

[na onepaTMBHOro NPoOrHo3a ByfKaHWYEeCKOM ONacHOCTUN Ans
HaceneHns HeobxoanumMo NPOBOANTb HEMPEPbLIBHbIA KOMMTEKCHBLIN
MOHUTOPUHT BYNikaHoB KamuaTkn n CeBepHbix Kypun.



UcTopusa pa3Bntnsa cemcMonormnyeckmnx
HabnogeHun Ha lanbHem BocTtoke Poccum

[lepBaga cencmunyeckas ctaHuua Ha JanbHem BocToke B T.
[leTponaBnoBcke-KamyaTckom Oblfia OTKpbITa NO MHMUMATUBE akagemuka b.
b. NlonuubiHa B 1915 r. CtaHuma ¢ nepepbiBamn npopabotana go 1927 r.
Cencmunyeckasa ctaHuma «BnagmuBocTok» Obifia oTKpbiTa CEencMonornyecknm
nHctutytoMm AH CCCP B okTabpe B okTs6pe 1929 r. (3akpbita B 1990-X rIT.);

AH CCCP 6bIinu oTKpbITbl CENCMUYECKNE CTAHLINW:
. B 1946 r. Ha KamyaTtke B n. Kntouu;
e | B1948 . - B r. KOxxHO-CaxanunHck;
e B 1950 r. — B Yrneropcke;
e B 1951 r. — B lleTponaBnoBcke-KamyaTcKkom;
e B 1952-1953 rr. - B Kypunscke (0. Atypyn) n B MaragaHe;
« B1958r. — B Oxe (0. CaxanuH) n B CeBepo-Kypunbcke (0. [Napamywmp).
C 1957 r. Ha Kypunbcknx octpoBax, ¢ 1961 r. Ha Kamuyatke v ganee
B ApYyrux pernoHax HarnbHero BocToka Hayanocb co3gaHne pernoHarnbHbIX
ceTer CenmcMosiorm4ecknx HabnogeHun.




[lepebie HabooeHUs celicMUuYHOCMU Ha 8yrikaHe Krroyesckou

A K A A EMBHBHS H A ¥ K CCClF"
WWANETENE HFARANGAGEHHFCKON CTANMNN Ha KAMYATRE M ik

[lepebie celcmu4yeckue cmaHyuu
cmauyuoHapHo20 mura 0518 uccredosaHull Ha
FRl T gysikaHax Ha Kamyamke 6b1/1u co30aHb!
T S nabopamopueti synkaHonoauu AH CCCP e
C{'ﬁﬂ'nﬂl'm!lﬂ ml!ullﬂ phEHD.\DJKE!I.l HA KJI.'D-.DDCTMJIU; m:pn.mn: CEACHMN paleHe Kn’OqGBCKOlj apynnbl eynKaHoe:
Kawown, o yasagmn 300—500 s or muamx goson won 200 or Byaxano- k
sormyeckoi o, O apegcrasarer coboll ogROTARHOE IepCERABADE 310+ CmaHL‘UH ((KﬂfO‘-lU)) 8 1946 e. y

nie, cpyGacnnoe s Hpenen gasyatekolf ancmoeniogsl, Toaguun 20—25 en
Saamne nuect puBouyse B LAY ROADUN RN,

Annaparypa eranyglin cocroirt Ix  gnyx rapsl;lml'?'ahllux eeiiemarpadion
aan onruiaeckodt, perncrpagnn oncremor apod. T M. Hicwpopona, anyx xaa- 5y
AnsaTopon i ojHoro pericrplip-armapata, Onn Guaa ﬂ:irurq:;.qcm Coitesonn- CGUCMuquKa’q CmaHuUH «KflfO'-ILI»
ruvecins wueruryron Avagesun Hayw CCCP: .

Collemorpagiel pacnososionis wa gyhaonente Gyronoil gasarn, passeposn
1255 125 7 4w, wosummmiowiMes wag  ypovirest noan wna 07 s, noa-
nouna = NeCoK-

Koaamwmw B PETHCTRRP-AIMAPAT  PACTIOAGRICUL #a Apyrom  fynsameds
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rae [ —npnooAenneg  ANIME CoREMONPUpE; T—lnpﬂm oaelagny npudopa;
W — nocrommaa anTyyannal A — covmueciont podar; T — yueAnsonse  (piis
Gopa; 1 — pocoTa waa YPOuHes Mopi.

Clmalamru'ns —5 peonpaR | abpRSYeT  FroA N—5 ¢ I prE AT e )
sepiatam 2 = 29720 -

Ha, asbifomgin noAspsaropoy noanéres Tol or AxKyMYARTOpOS ﬁ#\l

Peryanponks  ikaAh nuri AZMion OpONEEOANTEA (DASYEXONSIMK peocTas
TaMN,

dan arMersd ppeMed i CERCMOTPAMME  DpEANANIATEIEE | KONTARTIEE
AAeETpMYECHIE dAck Kadcrpyaine BO. Byaaume. Yarw aator nossmmyr-
wrnd wopey. Jdam meransd warnn nogaeres rok inipesennes s 24 VO oor Gatn-
puil ankymyanropon. [Ta60es SACHTPHUECKINX SACON COMETOTCR € XPOHUMETPOM.

[tepran ceficworpasma. noaysowa: 29 gexatpa 1946 v B vown o 1 wa 2 mae
saps 1947 ro ceficsorpat oTMETIA MHGECTHO MEAKIX KOASHAINTH, cacAbuin-
s oang sa apyrow uepes 1020 conyua. Tepbuii roauok sadimnenpoan
31 aeeatpn 19460p, w 23" 30™ X o norcuosy opesenit. Todad npojoani.

Mhir, 1. Jagumme cedovmwaoosait crangm



[lepebie HabooeHUs celicMUuYHOCMU Ha 8yrikaHe Krroyesckou

amcs a0 6" 397 125 1 aupaps 1947 r. Beero sa Houb ormeuen 21 Toauok.

31 aexa6pa 1946 r. f,g 0% 14™ 495 1 6aar
i, 23" 56m 25 1 Gaaa i, OF 40m 59° To xe
is 23" 56™ 145 To e s 17 35m 25 »
iy 23" 56™ 40° 3 iy 2P 01m 18° W e
7, 23" 56™ 565 3 t 27027 418 »

Is 23" 57 245 » Iys 2% 02™ 59°
1 ansapn 1947 r fm 3‘,1 W 20 »
e &7 3% 29" 17° 11 6aara
is 0% Q9™ 30° » Ijg 335 337 To me
&y 0 09™ 55° » 1, 4B 99 935 »
fs (OB 107235 » Ly 5% 07T 42° »
iy 0P 10™ 33° » iy 6F 39m 129

OrcyrcTeue na ceficMOrpaMMe pasZeAbHBIX (Pa3 H HaAWdue OZHOH (Pasbi
C PE3KO BBIPA’KEHHbIM BCTYMAEHHEM BOAH, a TaKkKe KPATKOBPEMEHHOCTb KOAe-
6amna (2—3 cex.) ykasmBaior Ha GaM3ocTs dnuuenTpa. HanpaBaenme Beex
ToAukoB GbiAO c jora Ha cepep. Hago moaaraTe, uTo o4ar HX PACIOAOMKEH

okoao Karouesckoro ByakaHa. )
24 ausapsn 1947 r. g 23" 07™ 26° omymaacs Toauox curow B III 6aa-

Ad, HampaBA€HHE TOAYKa ¢ IOra Ha CeBep. Otxar 3EMAETDACEHH PACIIOAOKEH

okoAo KAroueBckoro ByAKaHa.
27 pespaars 1947 r. 6vira sanucana cepusi pPa3HOOGPA3HBIX TOAYKOB

pasHoro mepHojza H aMIIAHTYA:

L, 19" 1™ 53¢ Tp, 2 cek. A— 4 mm Il 6arra

1, 21% 48™ 6° Tps 18 » » 9 MM To e
iy 218 507 5655 Tpp 16 » » 1 mm %

i, 22% 207 3%° A7, PR ) » 19 mm I 6arra
is 22% 307 147 Tps, 2 3 » 11 mm To e

Aro, NOBMAUMOMY, TaKie BYAKAHHYECKHE 3€MAETPSCEHHs, SMHUECHTD KOTO-
pbIX HaxoauTcs okoro Kaowemckoro myakama (30—40 xm).

Pan U i arpagisg ctterosia mired Huundiopoos

wexanameeknd pernerpagien (gor, 3} Chicapiio ceftcstinteeron cratiii dadan

aatit n enne wpesn bl E. Coxosonness ( 19498), Flrotisoanun massko orscmins,
U HEROTOREE DT Ol Tl IP[IIII.HPEIC‘H. HHBELOI g fal, O AREn TTH TR

Nhe 3 Colleamrpadied ewerownt outs — Cwipm



UcTopusa pa3Butns cemcMonormnyeckmnx
HabnogeHun Ha lanbHem BocTtoke Poccum

[lepBas cencmumnyeckas ctaHuua Ha JanbHem BocToke B T.
[MeTponaBnoBcke-KamyaTckom Oblfla OTKpbITa NO MHMUMaTMBE akagemuka b.
b. NlonuubiHa B 1915 r. CtaHuma ¢ nepepbiBamu npopaboTtana oo 1927 r.
Cencmunyeckasa ctaHuma «BnagnBocTok» Obifia oTKkpbiTa CEencMonornyecknm
nHctutytoMm AH CCCP B okTa6pe B okTs6pe 1929 r. (3akpbita B 1990-X rIT.);

AH CCCP 6bInn OTKpbITbl CENCMUYECKNE CTAHLINN:
. B 1946 r. Ha KamyaTtke B n. Kntouu;
. B 1948 r. - B r. KOXHO-CaxanuHck;
e B 1950 r. — B Yrneropcke;
e B 1951 r. — B [leTponaBnoBcke-KamyaTckom,
e B 1952-1953 rr. - B Kypunscke (0. Atypyn) n B MaragaHe;
« B1958r. — B Oxe (0. CaxanuH) n B CeBepo-Kypunbcke
(o. MNapamyLump).
C 1957 r. Ha Kypunbcknx octpoBax, ¢ 1961 r. Ha Kamuyatke v ganee
B ApYyrmx pernoHax HanbHero BocToka Hayanocb co3gaHne pernoHarnbHbIX
ceTen CemcMosiorm4ecknx HabnoageHun.
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CETb CEMCMMYECKUNX CTAHLIMN KAMYATKM
1974 - 1979 rr.
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B Uncmumyme eynkaHonoz2uu [BHL]
AH CCCP c uenbro Heobxoodumocmu
pacwupeHusi cucmemMbl KOHMPOJIsi
akKmueHocmu delucmeyrouwux 8yJIKaHO8
e 1974 2. 6bin1u Ha4ambl pabomabl o
co30aHuro0 paduomesieMempu4ecKux
ceucmuydeckux cmanyuu (PTCC).

B 1977 2. Ha Aga4YuHCKou 2pynne
8YyJIKaHO8 6bIJIU OMKPbIMbI Nepebie

4 cmaHyuu PTCC.

B 1979 r. - 19 cTaHUMHN, U3 HUX
4 - paagunoTenemMmeTrpuyeckKkue.



CETb CEACMMNYECKUNX CTAHLIMN KAMYATKU
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cedcMHYeCKHX CTaHIOHUH
38
paagunoTedeMeTDHYE CKHX

CcCeicMHUUYEeCKHUX CTAaHIOUHU
(PTCCQC)

AdaHHBE BCeX cCTaHIHH
A O0CTYIOHB B DEXHME
peaJJbrHOIO BpDeMEeHH Ha
pernoHaJgbHOM HOIL]
Kamgvarckoro guawaada I'C
PAH

l1-rpaHuruma
cedicCMOaAaKTHBHOTITO pPeTrHOHa
«KamMmyuatka um KoMaaagopcKHueE
OCTpDOB aA»;

2-pacueTHBHEe KOHTYDBH
HageXHOHU perucTpPpamnuu
3eMJeTpPSACEeHHUN C YKAa3aHHOHU
MaruHuTyao#n Ml

-cTaumuoOHaAapHBE HUDDOBE E
CTAaHIHUUHU,

4-MmoagepHU3IUupoBaHHBEe B 2009
r.cTalmuoHapHBEe CTaHIHUHU,

5-ctaanuu PTCC nmo
cocToguumw Ha 1.01.2009;

6-ctaununuu PTCC,
ycTaHnHoBaeunuune B 2009 r.



Pa3Butue cetun ceucmuqecxux cTaHuun Ha KypunbcKkux oc-rpoaax
1947 2000 rr.
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AcHbin 1974 Akumuan 1979
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XuHraHck 1979-1984
44°
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A WvKoTaH  crapymm, 3akpbiTbie B HacTosiLLEe Bpemst

A POMHaK  nojicreyioume cTaHLmm, 0GOpyAOBaHHbIE
TONbKO Npubopamu aHanoroeom
perucTpaumm

A Oxa JeVicTeylolMe CTaHLMN C aHanorosom 1
uncbpoBon pernctpaumen

A 10xHO-CaxanuHCK | \eptpanbHas ceiicMoCTaHLMS:
aHanorosasi U umMdpoBas permcTpauus,

cTaHuus “Anpuc”, crnyxba LyHamu

128° 134° . 140°




Cetb ctaHumn 'C PAH Ha Kypunbcknx octpoBax, o. CaxanuH,

[Mpumopckom n XabapoBCKOM Kpasix , COBPEMEHHOE COCTOSIHUNE
12 umdpposbix cTaHuum , N3 HUX 10 WMPOKOMNOMNOCHbLIE, AOCTYMHbI B pearibHOM BPEMEHU [aHHble 4 CTaHUUW
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Cetb ctaHumn 'C PAH Ha Kypunbcknx octpoBax, o. CaxanuH,

[Mpumopckom n XabapoBCKOM Kpasix , COBPEMEHHOE COCTOSIHUNE
12 umdpposbix cTaHuum , N3 HUX 10 WMPOKOMNOMNOCHbLIE, AOCTYMHbI B pearibHOM BPEMEHU [aHHble 4 CTaHUUW
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Bynkan Wweenyy

BITH, 1975

Bynkan KaphLiMckui

JEynkai Topensin

CeroaHs c
pPa3HOM
CTerneHbIo
AeTaJIbHOCTH
KOHTpPOJINpYyeTCH
12 Hanbonee
aKTUBHbIX
KaM4aTCKMX
BYJIKAHOB U
ByNnikaH Anauvpg
Ha o.ATnacosBa.



PagnoreneMerpmueckue cemcMunueckume
CTAaHLUMM HA aKTUBHbIX ByJ1KaHax Kamuatkmu

s
A

Clct. BaipapHas| Cler. Cemkopok

B. Anang
2

cICT%AE‘

c/cT. CeBepo-Kypunbek




B HacTosllee BpeMsa gocTtaTouHas AN agekBaTHbIX OLEHOK
BYfIKaHMYECKOM ONacHOCTU AeTarnbHOCTb HabnogeHnn obecneyeHa ceTsmm
pagnoTeneMeTpuveckux CEMCMNUYECKUX CTaHUUN TOSMbKO Ha KritoueBCcKon U
ABayuMHCKOW rpynnax BYrKaHOB.

Ha Kypunbckux octpoBax creumarnbHble ceMcMnyeckme HabnogeHns
Ha aKTUBHbIX BYfikaHax He BeOyTCA.

[eopusuyeckou cnyxbou PAH, lHcmumymom gyrikaHosrioauu u
ceucmorioauu, IHcmumymom MopcKou 2eorioauu u eeogpusuku ABO PAH
paspabomaHbl rnpedrioXXeHuUsi, Komopkle rnpedycMampusarom passumue
cucmemMbl celicMU4eCcKo20 MOHUMOpPUHa2a Oelcmeyrouwux 8yrikaHo8 Ha
Kamyamke u cozdaHue makou cucmembl Ha KypusribCKux ocmposax.

Pearnusauus amux rnpeodnoxeHuu mpebyem 3HavyumesribHbIX
UHaHCco8kbIX 3ampam.



Ha nokarnbHOM ypoOBHe nosiHoM (4OCTaTOYHOM) CUCTEMON MOHUTOPUHIA
He obecreyeHbl 4eNCTBYOLWME BYJSIKaHbl KOXXKHOW YacTu KamyaTtkm (kpome
ABauunHckoro), CesepHbix n HKOxHbIX Kypun.

970 BYJiKaHbl Kapbimckuin, Kopsikckun, MyTtHoBCckuin, ['openbin, Acaya,
90eko, Anang, Ynkypauukn, dycca, Hemo, KpenunubiHa, MeHgeneesa, Tata u

ap.

B HacTosLee BpemMsa KOHTPOSIb aKTUBHOCTU BYJIKAHOB BbIMOSTHAETCH
exegHeBHO ¢ 08:30 go 18:00 mecTtHOro BpemeHu. [nsa obecnevyeHus
6e30nacHOCTN HacerneHusi 1 NosieToB Mpu U3BEPXKEHUAX BynkaHOB KamyaTku u
CeBepHbIx Kypun Heob6xoamm HenpepbIBHLIN, KPYrNMOCYTOYHbIN, PEXUM CIIEXEHUS
3a ByJikaHaMMu.

MNMpepanoxeHuns C PAH, UBuC n UMIvl" 1IBO PAH npegycmaTtpuatoT
co3aHune fioKanbHbIX CUCTEM MOHUTOPUHra BynkaHoB Kamyatku n CeBepHbIX
Kypun , 06beQnHEHHbIX B €4NHYIO CUCTEMY KOHTPOMSA U NpeaynpexgeHust o
BYNKaHN4YeCKOM OMacHOCTMU.



IIporuo3 onacHocTu BO3HUKHOBeHUs YC, CBA3aHHBIX C U3BEPKEHHEM BYJIKAHOB
Ha ocTpoBe Ilapamymup
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BYJKAHUYECKOM AKTUBHOCTH
Ceepubix Kypui
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BO3HUKHOBeHNs1 YC, cBA3aHHBIX C HU3BECPKCHUEM BYJIKAaHOB

Ha ocTpoBe KyHammup

IIporuo3 onacHocTu
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Cxema pa3MmenieHHsi TeJleMeTPUYECKHX cTaHIUii Ha 0. Kynammup
OxoHuaHus CTPEJIOK - ME€CTa YCTAHOBKH TCJICMETPHUHYICCKHUX CTaHIII/Iﬁ

[ NaBHblE (4)

.- Benovoratenstbie (3) .
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Paccrosinue ot Byikana bornan
XMeJbHHIKAH - 9 KM
ot ByakaHa bapanckoro - 19 km

¢. KutoBoe - nacesenne 602 ugelr.

¢. PeiinoBo - nacenenne 1007
YyeJl.; pacCcTOsiHUE OT BYJIKAHA
Bbornan XMeabHuIKHi - 12 kKM

r. Kypnibck - nacenenne 2005 yeu.
paccrosinuMe: OT ByJiKaHa borgan
XMeapHUIKHH - 13 kM

or ByakaHa BapaHckoro - 16 km

O 3oHa kaTacTpotuyeckoin onachQeTi (Jkm)
O 30Ha BeICOKOW onacHocTH (9-15km)

3oHa noBbllWweHHOW onacHocTu (15-25)

. T'opHoe
Hacesienne 1202 ye.
paccTosiHie OT BYJIKaHA
Croxan - 20 km-+

0/°8 16 24 32 KM

ByJkaHa Ctokamn - 23 km

c. BypeBecTHuK (a3ponopr)
HacesieHne 193 weux.; paccTosinme ot
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c.'Puibaku - nacesenne 20 ve.
“paccrosinme; oT ByJaKkaHa Borman

Bapanckoro - 16 km

" XMeJIbHHIKHIL - 16 KM, 0T ByJKaHa

c. lopsiune Kiroun
Hac. 1710 geur.
paccTosiHMe OT BYJIKaHa

| Wean I'poznerii - 10 kv |

IIporuo3 onacHocTu
BO3HUKHOBeHus YC,
CBSI3AHHBIX C
U3BepIKeHueM
BYJIKAHOB HA OCTPOBeE

Arypyn



Cxema pa3menieHus TeJeMeTPUUYECKUX CTaHIMUA Ha 0. UTypyn
OxoHuyanus CTPECJIOK - MECTa YCTAHOBKH TCJICEMETPUYICCKHUX CTaHIII/Iﬁ

I'maBHBIC (6)

_  BcnomorarenbpHbie (4)






ISTC "Worldwide early warning
system of volcanic activities and
mitigation of the global/regional
consequences of volcanic eruptions"

MOHUTOPUHI COCTOAHUA U TIPOITHO3
AKTUBHOCTU BYJIKAHOB KAMYATKU IO
CEACMUYECKUM OAHHbIM

B.H. Yebpoe, C.J1. CeHloKOS8

Kamuyamckuu cunuan 'eogusuyveckou cryxbel PAH,
2.llemponasrnoeck-Kamyamckud,



Kamuarckuii ®@uianan IN'eopuznueckoii Ciay:xonl (KO I'C) PAH

IMPpOBOAUT MOHHUTOPHHI AKTHBHOCTH BYJIKAHOB Kamuatkun B PEKUME
0JIM3KOM K peajibHOMY BpeMeHH C 2000r.
(http://www.emsd.ru/~ssl/monitoring/main.htm) mo JaHHBIM celicMHYECKHUX,
CIMYTHUKOBBIX, BU3YAJILHBIX M BU1€0 HA0II01eHUIA.

CpouyHnasi uHpopManusi 0 BYJKAHNYECKON ONMACHOCTH Nepeaaercs
10 3JIeKTPOHHOM mouTe wiau tejeponam B I'Y MUC Kamuarckoro kpasi, a
TaK:Ke B paMkax Mmexaynapoanoro npoekrta KVERT B AusickuHckyio
Byakanojiornueckyio OocepBatopuio (ABO) u B UHCTHTYT BYJIKAHOJOTHH U
ceiicmosioruu IBO PAH (MBuC IBO PAH) (B rpynny KVERT -
Kamuarckan I'pynna PearnpoBannst Ha Bynkannueckune V3Bep:xenmust).

N3 BCcex nepeyncIeHHBIX BbIIE HANIPABJICHUN CeCMUYeCKUU
MOHHUTOPHUHI ABJSIETCH BeAyLIIUM METO/I0M, T.K. o0ecneuynuBaer
HeNpepPbIBHbIN KPYIJIOCYTOYHBIN KOHTPOJIb B PeKMMe PeajibHOI0 BPEMEHH.



[lepBble nccnegoBaHMA B3aMMOCBA3M aKTUBHOCTU BYJIKAHOB C
CENCMUNYECKNMMN COOBITUSMUM ObINU NpoBeaeHblI U3BECTHBIM KaMyaTCKUM
BynkaHosnorom [.C. [NopwkoBbiM. [leTanbHbln aHann3 CEMCMUYHOCTU

BynkaHoB Kntouesckon rpynnbl 6bin BeinonHeH [1.U. Tokapesbim 1 B. .
[[openbyuk.

Pe3ynbTaTtbl NpeablayLLnx UCCrneaoBaHn akTUBHbBIX BYNKaHOB
MNO3BONAT NPEeAnoNoOXnTb, YTO MHTEHCUBHOCTb CEMCMNYECKON MOArOTOBKM
NponopLMoHanbHa cune roToBSLLErocst U3BepKeHus.
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AgpgpekmusHoCcmMb

MOHUMOPUH2a CcOCMOoSsIHUS u
npo2Ho3a aKmueHocmu 8YJIKaHO8
onpedensiemcsi demasibHOCMbIO
cucmewmbl HabrodeHul. B
Hacmosiwee e8pemMsi Heobxodumasi
demaJsibHOCMb HabsrodeHul
obecrneyeHa cemsimMu
paduomesieMmempu4yecKux

celicMuYecKux cmaHuyuu Ha

Knroyeeckou u AeayuHckou epynnax
eyJiKaHo8.

Bcero Ha KamuaTke 29 nencTBYyHOLWMNX

BynkaHoB (6enbin uBeT), Ha 6 (KpacHbIM LBeT) U3
HUX ycTaHOBMeHo bonee 1 crtaHuuu 1 Ha 7
(kenTbiX UBET) TONbLKO NO OQHOMW CTaHUUMW.

- cTaHuwu PTCC g- BynKaHsl: GenbiM LUBeT - HET KOHTPONA CERCMUYHOCTK]

WenThiW UBET - HEeHAOeXHLIN KOHTPONL CEeMCMUYHOCTH
KPACHBIFM UBET - HAOEMHBIA KOHTPONE CEMCMHUYHOCTH.



CeTb CENCMUYECKUX CTaHLUN
KamyaTtkin

LleHTp cO6opa n o6paboTkm AaHHbIX
«lMeTponaBnoBCK»

cﬂcr.ﬂ Ka
Ta 1 '
- m&‘ | A -nmmu‘ummm cTanum

cict. Ceaepo-K um..c.r
¥P [ & - PEMHOHANEHEIE CTAHUNN
A - CTAHUMN CHNBHBIX AEHKBHUA
- 1RTE 1RAF




OCHOBHbIE MPUHLMNBLI OLEHKM COCTOSAHUS U MPOrHo3a BYJIKAHUYECKOM
aKTUBHOCTW MO AAaHHbIM CEUCMUYECKUX HaAbnoaeHUN

[1pn peructpaumm CEMCMUYECKMUX CUTHANOB Ha OENCTBYIOLNX BYJIKaHax ro
4yucny 3eMrneTpAaceHnn N nx pacrnpegeneHuo B NPOCTPaHCTBE N BPEMEHU, NO
BblAENUBLLUENCSH 3HEPIrnK, a Takke Mo cnekTpanbHOMY COCTaBy CUrHaroB U Opyrnm
napamMeTpam UOeHTUPULMPYIOTCA OBa YPOBHA CENCMUNYECKON aKTUBHOCTHU:
"¢poHoBaga" n "Bbllwe oHa".

[ToHATue "poHoBaga", nHAMBMAYyarnbHOE AN KaXXOoro ByrikaHa,
OLeHMBAaETCS MO OnbITy perncrpaunmn. YpoBeHb "pOHOBOU' aKTUBHOCTU
XapaKkTtepusyeTcss OTCYTCTBMEM MNPOSABIEHNIN BYNKAHNYECKOW aKTUBHOCTMN,
NpeacTaBnsowWen peanbHy0 onacHOCTb (NennoBble BbIOPOCHI, JTaBOBblE NMOTOKN,
NaBWHbI U3 pacKarieHHOro maTtepuana).

B pexume, O65M3KoM K peanbHOMY BPEMEHMU, ONUPAsCb Ha NOHATUE ''Bbille
doHa" 1 Ha AMHaAMWUKY YPOBHA CEMCMUYECKON aKTUBHOCTU, a TaKxe Ha
HaKOMMEHHbIN ONbIT MO PerucTpauum N3BepXeHumn BynkaHa gaeTcs
dopmannsoBaHHoOe npeaynpexageHne ob akTmemsaumm BynkaHa ¢ ykasaHMeM Tuna
N3BEPXKEHUS, €ro MIHTEHCUBHOCTU, BPEMEHU Havana v npoaoSIKUTENbHOCTU
CODObITUS, CTENMEHN OMNACHOCTM ANSA HaceneHus.



KoHTponb
BYJIKAHUYECKMNX U3BEPKEHUN
No CEUCMUYECKUM AAHHbIM

Pacno3HaBaHue npoucxogsawmx
Ha BYJIKaHe COObLITUM
Nno CeMCMUYECKMM AaHHbIM

Fazonmennosun

CnoxTp curHana CencMuvecKan

RaEoc f" IANMCH
b
"

Co3paeTcsa 60a3a AaHHbIX, BKMO4Yalowasa CHUMKN 3apMKCUPOBaAHHbLIX Ha
ByJiKaHaX SIBJIeHUN U COOTBETCTBYHOLUX UM CEMCMUNYECKUX 3anUnUcemn.

Napo-rasosan -
v Cnexrp curHana

‘-i: i YT

Faso-nennoeui BeiGpoc
u obnomouyHaa nasuHa _ §'

_CnekTp curHana

cMUuYeckKkan
Cb
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A)
B)
C)

OKCMNo3nBHbIN B3pbIB Ha
BynkaHe LLuneenyu, 16
CceHTsbps 2002 r B 23 4
58 MUH:

CENCMUYECKNN CUrHan;
crnekTporpamma,;

rpaduk orndaroLlen
CencMmn4eckoro curHana
(YepHbIN UBET) N rpaduk
CKOpPOCTM nogbema
nennoBoro obnaka (CuHun
LBET).



A)

03

0.0

-0.3

3 hz

2hz

1 hefs,

0 ha

Starty gl 2004 1030 0304 53 540

50 sec

100 sec

150

SeC

"l

30 October. 2004, 03:10 UTC
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20 May, 2001, 18:35 UTG

A) cnabbin nennosbin Bbibpoc 30 okTabps
2004 r, 3annucb ceMCcMUYecKoro curHana,
conpoBoXxgatoLiero aToT Bblbpoc 1 CBAH-
anarpamma CeMCMUYECcKoro curHana;

B) nennosbinn Bblbpoc 18 anpens 2004 r
C BbICOTOM 00 4 KM Hafd Kyrnosiom, 3anucb
CENCMUYECKOro curHana,
conpoBoXaatulero aToT Bblopoc n CBAH-
avnarpamMmma CeEMCMMUYECKOro CUrHana;

C) nennosbin BbIOpoc 20 mas 2001 r ¢
BblCOTOM 9.5 KM Hag Kynosiom u
nocneayloLwmmM NMPoKNacTUYeCcKNm
NMOTOKOM, 3anncb CEMCMUYECKOro curHana,
conpoBoXaatuliero aToT Bblopoc n CBAH-
anarpamma CeMCMUYECcKoro curHana.



Height of ash plume, meters
above the dome
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142 ash plumes of Sheveluch volcano
registered by photo or video observation.

y = 0.0000000180x> - 0.0001650508x° + 1.3209390453x
R’ =0.8534959887
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Asn plumes of Karymsky volcano registred
by photo, visual and video observation.

Y=0.4836x+145.81  R’=0.5834
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Height of ash plume, meters above the crater
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BOoJBIION HAKOIUJIEHHBIA MAaTEPUAN 10 PETUCTPALUN CEMCMUYHOCTH IS
Pa3IMYHBIX COCTOSIHUM BYJIKAaHOB MO3BOJIWI CO34aTh 0a3y AaHHBIX ISl U3y4ECHUS
Pa3HBIX PEKUMOB AKTUBHOCTH.

B pesynbTare uccienoBaHuil ObLINM BBIJAEICHBI MPEIABECTHUKHU
V3BEPKEHUN BYJIKAaHOB be3biMsiHHBIM M KittoueBckon. Perucrpanust BbIIEICHHBIX
MIPEIBECTHUKOB B PEKUME PEabHOTO BPEMEHH IMO3BOJIMIA O(DUIIHMATLHO CAeNaTh
6 yCHeHIHBIX KPAaTKOCPOYHBIX MPOTHO30B U3 / MOCIAEIHUX AKCIIO3UBHBIX
U3BEPKEHUN ByJiIKaHa Be3bIMSIHHBIN U 3 YCHEIIHBIX CPEHECPOUHBIX MPOrHO3a
Pa3BUTHUS aKTUBHOCTHU ByJIKaHa KiIr0ueBCKOU.



Ay 160 160.5 161

I B O T

o

-

EE'Ib;s :,-’:c—l—i-—————-—--l----—--——-—|.—-------—-o----—----~l—------——i----——--—-I-——--—-——-|-—--------I—-——"-l-l—.
1.25/ e S— E)
1 —
0.75|
0.5
0.25]
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CeiicmuuHocTh ByJkana bespimsinnbiii B 2000-2009 rr.: A) kapTa 3MHIIEHTPOB
3emuieTpsiceHuii; B) MpoeKysi THNONEHTPOB HA BEPTHKAJIbHBINH pa3pe3 BAOJIb JHHHH
A-B. Tpadukm pacnpeneieHHsi BO BpeMeHH Ppa3JdYHBIX MapaMeTPOB
3eMJIeTPsICeHUi, BBIIEJEHHBIX OKPY:KHOCTBHIO: B) JHeprermyeckmii kjiaacc mo S-
BosHe; I') KyMyJISITHBHOE KOJIM4YECTBO 3eMmuierpsicenuii; /[) riy0uHa rHnoueHTpoB,
kM; E) xymyastuBHasi dHeprusi, k. CrpenkaMu yKa3aHbl 3KCILUIO3HBHbBIE
M3BeP;KEeHMS.




HBeTOBI)Ie KOAbI COCTOSIHUS BYJIKAHA be3bIMIHHBIN 110 CEUCMUAYHOCTH.

MunuManbHBIA  KJacc  3emileTpsiceHMii mo  oaHoii  cranmuu  “‘BZG"- 2.9,
NpeACTABUTENbHBIN KJIACC MO TPeM cTaHIusAM — 3.8.

— KOPPEKTHBIN CeiCMUYeCKMI MOHUTOPUHI HEBO3MOKEH, €CJIU CPeIHAS aMILJIMTYAA
apo:xaHusa Ha ByJkaHe KiaroueBckom mo ¢/ct «CIR» >1.0 MKkM.cek;

3enenstit (hoHOBasI CelicCMUYHOCTD)— 3eMJIETPSICEHNS € TIyOMHOM OT —5 KM /10 +5 KM, HX

koandecTBO N(3.0<Ks<4.0)< 10, cirabasi TepMaabHasi aHOMAJIHA, He HHTeHcHBHee, yeM BTTHU
1975-76;

(celicMHYHOCTH BhIlIe GOHA)— 3eMJIETPSICEHHs ¢ IIyOHHOM OoT —5 KM 10 +5 KM, HX
koaudecTBo N(Ks2>4.0) 21 nam N(Ks>3.0) >10;

WIM HaJM4ue TepMaJibHOIi aHoMAaJ UM, koTopasi unHTeHcuBHee BTTU 1975-76;
nin ByJakanmuyeckoe apo:xkanme ¢ A/T < 0.5 mxm/cek. Ha c/eT. “ ZLN 7

WK cjiadble nemioBbie BoIOpockl 10 2500M Haa KpaTepoMm,

00JibllIEe 5 JIABUH.

Opanoicesntii (CeiicMAYHOCTD BbIle GoHA)— ByJKaHH4Yeckoe apo:kanne ¢ A/T > 0.5 mxm/cek
Ha c¢/cT. “ ZLN ”’; nam nemioBbie BbIOpochbl HAa BbicoTy oT 2500 M 10 5000M Hag kpaTepom.

Kpacnstit (celicMMYHOCTD BhIlIe (poHA)— ByJakaHumdeckoe apo:xanue A/T >4.0 mxm/cek Ha c/cT.
“ZLN ” ( mnm menJioBble BhIOpochbl Ha BhIcoTy 5000M Haja KpaTepoM H 0oJiee).
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YcnewHbin nporHo3 Obin  caenaH  AnA
u3BepxeHusi BynkaHa bBe3bIMAHHbIN 16
aekabpsa 2009 r.

CecMUYECKUI peXUM B paloHe ByrKaHa
pe3Ko nameHuncs 8 aekabps - Hayanca pou
NOBEPXHOCTHbIX 3eMJIeTPACEHUN, KONTNYECTBO
M 3Heprus KOTopbIX NOCTENEHHO
yBenuuuBanachb. lepBbi NporHo3 no
CeMcMMYeCcKUM JaHHbIM ObIn caenaH 11
aekaopa 2009 r. B 12 4 00 MuH.

YTouyHeHue AaTbl HaYana 3KCno03NBHOro
u3BepxeHus 6bINno caenaHo 14 gekabpsa 2009 r.
B 15 4 00 MMH. NO NpU3HaKy yBenu4yeHus
KonuyecTBa, aMmnnuTyabl U
NPOAOIMKUTENBHOCTU CENCMUNYECKNX
CUrHanos.

Mo cnyTHMKOBLIM AaHHbLIM, TeMnepartypa
TepManbHOM aHOManuu B panMoHe Kynona
Be3bIMAHHOro pe3ko Bbipocna Ao
npeaenbHou (64 rpap C) B 20:17 UTC 16
Aekaopsa (no gaHHbim ABO).

JKCNO3MBHOE U3BEPXKEHNE BYNKaHa
Be3bIMAHHbLIN Ha4Yanochb Yepe3 1 4 28 MUH (B
21:45 UTC) 1 npoaomkanocb HeCKONbKO
Yacos.



Mo cencmmnyeckum gaHHbIM 3TO ObIN caMbI
CUJbHbIN B3pPbIB U3 17 3KCMNITO3UBHbIX
n3BepXKeHun ByJiKaHa 3a nocnegHue 10 ner.
Mo cnyTHMKOBbLIM AaHHbLIM BbICOTa
nennosoro wneundga gocrturana 8 KM Hag
ypoBHeM mops A). OcCHOBHOe BbinageHue
nensia Npo13oLWwsio B ceBepo-3anagHom
HanpasrneHuu ot BynkaHa. o
m.gﬂ;,_,w,':h__ s R npeaBaputenbHon oueHke H0.B. [lemMsiHuyKa
. (UBnC) Ha paccTosiHuu npubnusntenbHo 40
KM OT ByJiKaHa No ocu nensionaga Bbinano
okono 700 r nenna Ha 1 M. B noc.
Ko3bipeBCK MOLHOCTb CIOSl BbiNaBLUEro
nenna coctasuna 2 mm b).




OKCMNo3nBHbIE (B3PbIBHLIE) U3BEPXKEHMA ByNnKaHa be3biMAHHbIM 3a 1999-2009

.
No Aara Kox | KommenTapwuii No Aata Koa | Kommenrapmii
H3IBEepP/KeHHd H3IBEepPKeHHH
CJCIaH MPOTHO3
1999, =T 2004, o o
1 24 despansn XXX 9 18 uronn XXX CeHCMHUYCCKHM
AAHHBIM
caemaH
odHLHATbHBI
2 |4 32000’ XXXX| \_ﬁaij_o_ _ 10 | 2005,  lexxx| spormoamo
MapTa PR rPe AnBaps CCHCMHYCCKHM
JAHHBIM
cacnaH
o(pHUHATbHBIH
3 2000, XXX 7 7,IﬂH0 11 2005, XXX “npornoa no
30 oxTabps MpeaypesIecHHE 30 voabps CCHCMHYECKHM H
CIYTHUKOBBIM
JAHHBIM
cacnaH
oHLHATbHBIH
" B o o 12 | 2996 xxxx| npornosmo
BEYET PERTRRC A e CECHCMHUYECKHM
JAHHBIM
cacnaH
o(pHLIHATBHBIH
5 2001, XXX _;Lauo 13 20006, XXX | urlpomozs rno
15 nexabps NPEIVITPEIKIACHHE 24 nexadbps CCHCMHYMECKUM H
CMYTHHKOBBIM
AAHHBIM
cacaaH
ouumanbHbIH
6 2002, XX ARER 14 207, X MPOrHO3 10
25 nexabpn MpeayIIPEKIACHHE 11 man ;
2 CIY THHKOBBIM
JAHHBIM
MPOTHO3 HE ObLT
7 2003, XX i 15 2007, XX caenaH, JaHO
26 woas npeay NpeHIcHHE 14 okTabpa ) o
Mpe AVIPEKICHUE
caenaH
. ouumaneHEBIH
8 2004, X o 16 20, XX NpPOTrHO3 MO
13 sauBapsn MpeavIpesKIc HHE 19 aBrycra

CIIVTHHKOBbLIM

JAAHHBIM

17 aKcnnosnBHOE N3BEpPXEeHne
BynkaHa Be3bIMAHHbLIN
npou3sowno 16 pekabpsa 2009
r —_

AnA Hero ObIN caenaH
yCnewHbIN KPaTKOCPOUHbIN
NPOrHO3 N0 CEMCMUYECKUM
AaHHbIM



CelicmuunocTh BynkaHa KimroueBckoii ¢ 1999 no 2009 r. Kapra ¢
SMHUICHTPAMHU M IIPOCKIIMS TUIIOICHTPOB Ha BEPTUKAJIBHEIN pa3pe3 A-B.
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M3MeHeHne T1yOUHBI 04aroB 3eMIIETpsICeHUM ByJikaHa KimroueBCcKoM
BO BPEMEHH.
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B 1999-2009 rr. npou3onwio 4 akTuBu3anuu ByJkaHa KirodyeBckoii, 1j1s1 3 mocJjieTHUX U3

HUX ObLIM IaHBI YCHICHIHbIC, CPEAHECPOYHBIE IPOTHO3bI.

AKTHBHU3ALMH BbIIeJICHbI HA PUCYHKE HOMEPAaMH B CKOOKAX.
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1999 2000 2001
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L

2003 2004

2005 2006

2007

2008 2009

A) V3meHeHHe TITyOWHBI U CHIIBI
LIEHTPA BBIJICIICHHON
CEMCMHUYECKON SHEPTUU BO

BPEMCHU.

Ilentp BhIgENCHHOM celicMuyeckoit sueprun (IIBCD)
3a BBIJIEJICHHBIE CYTKH ONPeNessuIcs KaKk OJHO
SKBHMBAJICHTHOE 3€MJIETPSICEHHE C KOOpANHATAMHU
ouara, BEIMHCIEHHBIMH KaK cpeHeapu(MeTnIeckoe u3
KOOPAMHAT 3eMJIETPSACECHUI 3apeTUCTPUPOBAHHBIX 32
BBIOpaHHBIE CYTKH C Y4€TOM Beca,
HPOTIOPIMOHAIBHOTO SHEPTUU COOBITHS. DHEPTHUst
3TOTr0 3KBUBAJIEHTHOT'O 3€MIIETPSCEHUS paBHA CyMMe
SHEPruil BEIOPAaHHBIX COOBITHH.

b) M3MeHeHre aMILTATY AbI
BYJIKAHUYECKOTO JAPOKAHUSA BO

BPEMEHHU.



E, Tne

r*E+11
.o LleHTp BBIIEIEHHOM
" CceHCMHMYECKOM DHEPIuM.
FI*E+6
FIME+S
.,I,H;‘;.-,u;w’i: TirE
2 AMIuMTya
BYJIKAHUUECKOTO
IPOKAHUSL.
o m
" KonnyecTBo nukceiaeu B
N TepMaJIbHOM aHOMAaJIHH.
10
b o
so0 BbICOTa TIETLIOBBIX
s BBIOPOCOB HaJl KPaTEPOM.
| CHO I
g L M-LL

1 12.06 01,0207 1.04.07 010607 M4O507 01,1007 01,1207



M3nustnue naBbl Ha ByJikaHe KiroueBckoit, poTorpadus —
Hemsinuyk 1HO.B.




AxtuBn3zanys ByJikaHa Kopsikckuii B 2008 roay

dymapona Ha Byakane Kopskckuii, 28 Hos6ps 2008 r.
®oto — Cokopenko A.B.
F
Tpu pymaposisr Ha
BYyJIKaHE
Kopsxckui,

10 staBapst 2009 r.
@010 — COKOpEHKO
A.B.

Bun na Bynkansr Kopsikckuii (ciieBa) u ABaunHckwmii (cripaBa), 25 nexadbpst 2008 r.
[Tapo-ra3oBblit muieiid ot Bynkana Kopsikckuii. Hagiepennem miiane
r.IlerponaBnoBck-Kayuargckuii. @oto — Cokopenko A, B.
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h. o 9 18 27 36 KM, A-B. Tpaduku pacmpeieneHHs BO BPEMEHHM pasMUHBIX  MapaMeTpoB
| [ 3eMIICTPSICCHHUH, BBIICICHHBIX OKPY)KHOCTHIO: B) sHeprermueckmii Kimacc mo S-
O BoiHE; ') KyMyJIATHBHOE KOJMYECTBO 3emierpscenui; /) riryOnHa THIIONEHTPOB,
kM; E) kymynstuBHast sueprus, JIx.
5
104

Ceiicmuunocts Bynakana Kopskckuit B 2008-2009 rr.. A) kapTa SIHIIEHTPOB
3eMIIETPSICEHHT; B) POEKIMs THIIOIIEHTPOB HA BEPTHKAIBHBINA Pa3pe3 BIOJIb JTHHHN



Pe3yabTarbl 00pab0TKM M MHTEPIPETALIMM JTAHHBIX HAOIIOJACHHMH, OLEHKH
COCTOSIHMSI AKTUBHOCTH BYJKAaHOB H0CTYNHbI Ha cTpaHule K® I'C PAH uyepes
HNurepHer.

Nudopmanunonnsie pecypcbl KO I'C PAH Bkiaw4yawT B cedsi cieayronme
OCHOBHbI¢ KOMIIOHEHTbI:

dakTorpaduueckas 0a3a TaHHbIX «AKTUBHOCTb ByJIKaHOB KaMuaTku», pecypc BKIIOUYEH

B ['ocynapcTBeHHBIN peructp 0a3 u O0ankoB AaHHbIX, Ne 0220711891. Anpec B Internet:
http://www.emsd.ru/~ssl/monitoring/main.htm.

ExxenneBHO wuHpoOpMamusi 0 BYJIKAHUYECKHX 3€MJICTPACEHUSAX M O
COCTOSIHUM BYJIKAHOB IIepedaeTrcsds IO YCTAHOBJEHHOMY PperjaMeHTy B
3aMHTEpPEeCOBAHHbIC OpraHusanuu u pasMmemaercsa Ha cepsepe K® I'C PAH B
NurepHere:

http://www.emsd.ru/ts - 6a3a maHHBIX 3eMieTpsceHuii KamMmuaTku

http://www.emsd.ru/ts/datareload.php?id=1 - 3emiuerpscenus CeBEepHOW TPYyNIIbI
BYJIKQHOB;

http://www.emsd.ru/ts/datareload.php?id=0_- 3emnerpscennst ABaunHcko-Kopskckoi
IPYIIbI BYJKAHOB;

http://www.emsd.ru - BHICOHAONIOACHUS B pEaJbHOM BpPEMEHH 3a COCTOSHHEM
kaM4yarckux BynkaHoB lllusenyd, KimroueBckon u be3pIMSIHHBIN.




dakTorpagmyeckans 6asa gaHHbIX <«AKTUBHOCTb BYnkaHoOB KamuyaTkm>
O6o6uwaeT pesynbtaTtbl 06paboTKkM CENCMUYECKUX, CNYTHUKOBBIX, BU3YyasribHbIX U BUOEO
HabnogeHnn 3a Hanboriee akTUBHbIMUK ByJfikaHaMu KamuyaTku.
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BbiBOAbI

OCHOBHbIe HarnpaBlieHnsa pa3BuUTNA CUCTEMbI U
MeToOAOB MOHUTOPUHIA Ha AeﬁCTBy}OU.IMX BYJIKaHaX:

*BHeApeHue U poBbIX LLMPOKONONOCHbIX
CEeMCMOMETPUUYECKUX KaHANOB U paclUMpeHne 30Hbl KOHTponS
aKTUBHbIX BYJIKAHOB,

ecO34daHMe 0a3 AaHHbIX KOMMJIEeKCHbIX HabnoaeHnn no
U3BEPXKEeHNSAM BYJIKAHOB C NPUBNeYEHMEM U pacLULMpPeHnem
NCNOJSIb30BaHUA CNYTHUKOBOW U BUAeo MHopmauum;

eCcO34aHMe SKCrNepTHbIX VIHCbOpMaLWIOHHO-aHaHMTMHeCKMX
cuctem AanA oueHKn COCTOoAHUA U NPOrHO3a pa3BUTUA
BynKaHVI‘-IeCKOﬁ dKTUBHOCTM.
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Historically Active Volcanoes of @ _

A Real-time seismic network as of Dec. 31, 2008
A No seismic network
A Instrumented fall 2005; poor telemetry prohibits official "monitored” status

Names in red indicate volcanoes discussed in this report
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The Alaska VVolcano Observatory (AVO)

AVO formed In 1988

Consists of ~30 scientists, staff, and students from:
US Geological Survey (Department of Interior)
University of Alaska Geophysical Institute

(Fairbanks)
State of Alaska Division of Geological and

Geophysical Surveys

Offices in Anchorage and Fairbanks




AVO Monitoring

Redoutt Dome from North = 401602009, 12:48:50 AKDT
420C max temp

Remote Sensing Other Techniques




AVO lIssues Warnings

AVO duty scientist carries a cell phone 24/7

If an eruption or new unrest occurs, the AVO immediately
telephones key government agencies (FAA, NWS, etc)

These agencies have their own warning messages that are
generated

AVO sends a message Vvia the Internet and fax to many users.
All messages are posted on the AVO web site.

AV O uses a color code for aviation threat and an alert level for
ground-based threat.




Volcano Alert Levels Used by USGS Volcano Observatories

Alert Levels are intended to inform people on the ground about a volcano’s status and are issued in
conjunction with the Aviation Color Code. Notifications are issued for both increasing and decreasing
volcanic activity and are accompanied by text with details (as known) about the nature of the unrest or
eruption and about potential or current hazards and likely outcomes.

Term Description

Volcano is in typical background, noneruptive state
NORMAL or, after a change from a higher level,

volcanic activity has ceased and volcano has retumed to noneruptive background state.

Volcana is exhibiting signs of elevated unrest above known background level
ADVISORY or,aftera change froma higher level,

volcanic activity has decreased significantly but continues to be closely monitored for possible renewed increase.

Volcanoiis exhibiting heightened or escalating unrest with increased potential of eruption, timeframe uncertain,

WATCH OR

eruption is underway but poses limited hazards.

WARNING  Hazardous eruption is imminent, underway, or suspected.



Aviation Color Code Used by USGS Volcano Observatories

Color codes, which are in accordance with recommended International Civil Aviation Organization
(ICAO) procedures, are intended to inform the aviation sector about a volcano’sstatus and are issued in
conjunction with an Alert Level. Notifications are issued for both increasing and decreasing volcanic
activity and are accompanied by text with details (as known) about thenature of the unrest or eruption,
especially in regard to ash-plume information and likely outcomes.

Color Description

Volcanois in typical background, noneruptive state
GREEN or, after a change from a higher level,
volcanic activity has ceased and volcano has returned to noneruptive background state.

Volcano is exhibiting signs of elevated unrest above known background level
YELLOW o, aftera change from a higher level,
volcanic activity has decreased significantly but continues to be closely monitored for possible renewed increase.

Volcano is exhibiting heightened or escalating unrest with increased potential of eruption, timeframe uncertain,

ORANGE OR

eruption is underway with no or minor volcanic-ash emissions [ash-plume height specified, if possible]

Eruption Is imminent with significant emission of volcanic ash into the atmosphere likely

OR
RED eruption is underway or suspected with significant emission of volcanic ash into the atmosphere [ash-plume height
specified, if possible].
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NOAA/National Weather Service
Anchorage Volcanic Ash Advisory Center

and
Alaska Aviation Weather Unit (AAWU)

NOARA




National Weather Service
Anchorage, Alaska

e Mission of the NWS

e Home to the Alaska Aviation Weather Unit
and Alaska River Forecast Center

—

e Forecast Areas
» Anchorage
» Fairbanks
»Juneau
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Alaska Aviation Weather Unit (AAWU)

Two roles

Meteorological Watch Office (MWO)
Volcanic Ash Advisory Center (VAAC)

Area of responsibility

Extends from Russian airspace to Canada
From the North Pole to the North Pacific Ocean

Coverage: Two desks staffed at all times (north and
south) — 24/7




Volcanic Ash Advisory Centers (VAACS)




Function of VAAC

ASH EVENT

REPORITED 10 \ii’\AC
e 2 sl

VAAS | SIGMETS RECEIVED INFORMATION RECEIVED BY FLIGHT
INFORMATIC : DISPATCH -- SENT TO ACTIVE FLIGHTS
: = OR USED FOR_FLIGHT PLANNING

r 3 e 4 b

_ _ _ INFORMATION RECEIVED BY PILOTS
Provides advisory service to AND USED IN PLANNING STAGES
Regional Area Forecast Center,

MWOs, local emergency
managers, and other VAACs




NOAA Volcanic Ash Working Group

U.S. procedures for ash avoidance much different
than in Europe in terms of how airspace i1s managed
during a volcanic ash event

The “Eya” eruption illuminated numerous science and
service gaps

Office of the Federal Coordinator for Meteorology
(OFCM) established a Working Group for Volcanic
Ash (WG/VA)

OAR, NESDIS, and NWS represented on the OFCM
WG/VA




Key Challenges in Volcanic Ash Modeling

Dispersion modeling capability is dependent on the accuracy of
the driving/underlying meteorology

Atmospheric dispersion models frequently produce
“conservative” ash clouds (both wider and extend farther

downwind that observed)




Hybrid Single Particle Lagrangian Integrated
" Trajectory (HYSPLIT) Model

Run by NOAA/NWS for smoke, dust, volcanic ash, radiological
events, or other hazardous releases, and many other organizations
Proposed HYSPLIT upgrades

time varying emission rate and height,

maintain ash from previous simulations,

ash plume initialization from observations, and

more realistic ash removal mechanisms

NWS and OAR developing an implementation plan (fall 2010)
Longer term plan to work with NESDIS to initialize HYSPLIT
from satellite analyses

NWS partnering with NASA to develop aerosol data assimilation

system




Conclusions

In the long term, a fully automated global ash
monitoring system where EVERY volcano will be
automatically monitored

Much improved spectral and temporal measurements
from future GOES missions

Is this an area for collaboration between NOAA,
Roshydromet, and the Russian Academy of Science
under our bilateral agreement to develop improved
modeling and observation capabilities?

May 2011 North Pacific Volcanic Ash Workshop,

Anchorage, AK
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Thank you!

E

Mt. Augustine eruption. Credit: Cyrus Read, USGS



- Canada

ISTC Workshop, Maoscow, RE, July 2010

Volcanic" liAﬁcti\'/ity in Canada

Prof. Henry Mantsch
Department of Foreign Affairs, Ottawa, Canada
Senior Science Advisor, Canadian SAC Representative




The Canadian Federal (National) Ministry of

I * I Matural Resources Ressources naturelles
; Canada Canada

EARTH SCIENCES SECTOR

Geological Survey of Canada
Volcanoes
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nada Canada

Canada has examples of almost every type of
volcano found in the world, including strato-
volcanoes, shield volcanoes, calderas, cinder
cones, and maars. While none have erupted
recently, at least 3 did in the last few hundred years
and numerous others have the potential to erupt in

the near future. Canada has one historica
volcano, Tseax cone; its 1775 eruption Kil

ly active
ed an
nle.

estimated 2000 Nisga’a First Nations peo
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The Canadian volcanoes
are all located in western
Canada (British
Columbia and Yukon)
where the North
American Plate collides
with the Pacific Plate and
with the Juan de Fuca
Plate. The individual
volvanoes can be
grouped into seven
volcanic belts.



MNatural Eesources Ressources naturelles
Canada Canada

The seven volcanic belts are

Anahim
Chilcotin
Garibaldi

Stikine
Wells Gray-Clearwater
Wrangell
Cascades




Stikine Volcanic Belt

(also called the Northern Cordilleran
Volcanic Province)

This large area of volcanism stretches from
just north of Prince Rupert, into the Yukon
Territory and the Alaska border. It is the
most active volcanic region in Canada,
containing more than 100 volcanoes, 3 of
which erupted in the last few hundred
years (2 witnessed by people). These
volcanoes formed due to extensional
cracking of the crust in response to the
Pacific Ocean plate dragging northward
along the edge of the North American
plate, on its way to the Aleution subduction
zone. This belt includes the volcanoes
Volcano Mtn., Mt. Edziza, Level Mtn., and
the extremely youthful Tseax Cone (240
years), Lava Fork (360 years) and Ruby
Mtn. (103 years).




Wrangell Volcanic Belt

This belt of volcanoes lies largely in
Alaska but extends across the border
iInto southwestern Yukon Territory. It
formed as a result of melting of the
crust due to subduction of the Pacific
Ocean plate beneath the North
American plate at the Aleution arc. It
Includes the volcanoes Mt. Wrangell,
which has been active historically, and
Mt. Churchill, which has had 2 large-
magnitude explosive eruptions in the
last 2000 years that blanketed most of
the Yukon with ash.




Anahim Volcanic Belt

This nearly east-west line of volcanoes
stretches from the west coast of B.C.,
just north of Vancouver island, and
reaches into the Interior Plateau near
Quesnel. The volcanoes generally get
younger as you go from the coast to the
interior. These volcanoes probably
formed as a result of the North
American continent sliding westward
over a small "hotspot", like the one
feeding the Hawaiian islands.
Volcanoes in this belt include the
Rainbow, llgachuz, and Itcha ranges,
and the Nazko cone which is only 7200
years old.




Garibaldi Volcanic Belt

The Garibaldi Volcanic Belt is the northern
extension of the Cascades Volcanic Belt in
the northwestern United States and
contains the most explosive young
volcanoes in Canada. Its volcanoes are
also the closest to British Columbia's
densely populated southwest corner.
These volcanoes are the result of
subduction of the Juan de Fuca tectonic
plate beneath the North American tectonic
plate; the plates meet just seaward of the
west coast of Vancouver island. The
volcanoes of the Garibaldi Volcanic Belt
generally are strato-volcanoes typical of
subduction zones, and include Mt.
Garibaldi, Mt. Cayley and Mt. Meager. Mt.
Meager's eruption of 2350 years ago was
the most explosive eruption in Canada. It
was similar to that of Mt. St. Helens in
1980 and that of Montserrat in the
Caribbean.




Chilcotin Plateau Basalts

A zone of small-volume basaltic lava flow
eruptions about 150 km inland from and
running parallel to the Garibaldi volcanic
belt. Activity in this area is thought to be a
result of extension of the crust behind the
coastal subduction zone, a common
phenomenon worldwide termed "back-arc
extension volcanism". Chilcotin eruptions
happened mainly 6-10 million years ago
and 2-3 million years ago in the early
stages of Garibaldi belt activity. In addition
there have been a few eruptions in the
Pleistocene (0.01 to 1.6 million years ago).
The map show only the Chilcotin eruptions
that are Pliocene and younger (younger
than 5.3 million years).




Wells Gray-Clearwater VVolcanic Field

The Wells Gray-Clearwater Volcanic
Field is a tight cluster of basaltic
volcanoes, and includes the Quesnel
Cone Group. The origin of this
volcanism is not yet clear, but appears
to be a result of local crustal thinning.
Many of these eruptions occurred
during periods of glaciation, so the
eruptions interacted with the ice sheets
in complex ways, forming distinctive
volcanic forms. A number of these
eruptions have occurred in the last 10
thousand years. The volcanoes
included in this field are Pyramid Mtn.
and Kostal Cone




Cascades Volcanic Belt

This belt of volcanoes stretches from
northern California to the Canada-U.S.
border, where the belt does not stop but
changes name, to the Garibaldi volcanic
belt. The volcanoes in this belt formed as a
result of melting of the crust related to the
subduction of the Juan de Fuca oceanic
plate beneath the west coast of North
America. Volcanoes in this belt are
frequently active, and include Mt. St.
Helens, Mt. Baker, Glacier Peak, Mt.
Rainier, Mt. Hood, Crater Lake and Long
Valley, plus others. Mt. St. Helens' most
recent eruptive activity was in 1986. Many
of these volcanoes exhibit frequent
volcanic earthquakes.




Volcano Monitoring in Canada

In Canada, even though some volcanoes could pose a significant threat
to local communities in western Canada, volcano monitoring is limited.
Because no large eruptions have occurred in Canada in the last few
hundred years volcano monitoring is a lower priority than dealing with
the hazards of earthquakes, landslides and tsunamis.

Nevertheless, over the last 50 years, scientists at the Geological Survey
of Canada and at Canadian universities have documented the behaviour
of a number of Canadian volcanoes. Unfortunately we don't yet know
enough about the frequency of eruptions to predict which volcanoes are
most likely to erupt next, and what the nature of the eruption will be.
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The Geological Survey of Canada website contains the

Interagency Volcanic Event Notification Plan (IVENP)

This Plan outlines the procedure that would be involved in response to an
eruption event at a Canadian volcano or an event that is near enough to
Canada’s borders or large enough that the eruption will have an impact on
Canadians.

The document includes a flow chart, the report forms, details of the agency
contacts for use in reporting volcanic events, and an outline of the relevant
responsibilities of each participating agency. This information is provided for
the awareness of both national and international agencies.



I* Foreign Affairs and Affairesétrangéras el
Inte rnatn:: nal TradeCanada  Commerca infernational Canada

The Ministry of Foreign Affairs and International Trade
Canada
IS responsible for coordinating the Government of Canada’s
operational response to major natural disasters abroad
through START.

Stabilization and Reconstruction Task Force
(START)

The Stabilization and Reconstruction Task Force (START)
....... was designed to help answer the growing international
demand for Canadian support and involvement in complex

crises — conflict or natural disasters



For more detailed information please consult the web pages

I * Natural Eesources REessources naturelles
; Canada Canada

www.nrcan.gc.ca

I*I Foreign Affairs and Alfaires étrangereset
International Trade Canada  Commerce international Canada

www.international.gc.ca




Institute of Marine Geology and Geophysics FEB RAS
(IMGG-FEB-RAS)
SVERT (Sakhalin Volcanic Eruption Response Teaimn)
Alexander Rybin, Marina Chibisova




are 68
volcanoes

There
terrestrial
in the bounds of the

Kuril /sland arc,
among them 36 are
active and potentially

dangerous.
They are erupted iIn
historical time  or

show the signs of the
activity in  present
time. In Kuril Islands
small eruptions occur
once 1-2 years,
moderate  eruptions
are fixed every 11
years, medium are
once 22 years, great
are once 33 years,
catastrophic eruptions
are observed once a
century .
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In 2003 the group SVERT
(Sakhalin Volcanic Eruptions
Response Team) was
created for the monitoring
of the active volcanoes of
the Kurile Islands.
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Scheme of Interactions of SVERT group

Control Survey for US Geological Survey
security of airtransport of
Yuzhno-Sakhalinsk airport I General Department on
civil defence and emergency situations
Alaska of Sakhalin Region (SD CD and ES)
, , volcanological
Pilots of Russian Meteocenter observatory (AVO)
and international «—» of Elizovo
flights airport \ I

N

” r?detgoi?ntﬁrf SVERT <«— Rosgeoifond <—— Satellite data
uzhno-Sakhalins |

airport
\ Yuzhno-Sakhalinsk
Hydrometeocenler
Sakhalin Branch of the Geophysical
Survery RAS (Sb GS RAS)
I Tokyo VACC
AnchorageVACC
Washington VACC
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The chronology of Peak Sarychev volcano eruption
according to the satellite data
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Japan has many volcanoes
in populated areas

Citizen, Hot-smg&hotel Bt
are doing near active vent )

“Precise” information for disaster mitigation
operation are required.

Because, evacuation will cause large economic loss.




Meanwhile, Japan has responsibility to
monitor activities in adjacent regions

Tokyo VAAC must watch from Ph|||pp|ne to Kamchatka

L u-J_ “I

.% x'l q:j |

Y

*Tokyo VAAC beIong to Volcanological section, not meteorologlcal of IMA

Japanese volcano monitoring has two aspect:
 For populated-area (Japanese Islands)
 Forremote area (e.g. Kuril Islands)



KVERT and SVERT in Kuril

Kuril monitoring.



Recent Tyatya unrest signals, Kunasir
lan

o Loy of JAXA 2007-2010

........

Analysis by GSI from ALOS raw data of JAXA, METI

Thermal anomaly has been observed but no signal of crustal
deformation by Japanese satellite-based INSAR analysis.

Japan-Russia government agreed for disaster mitigation cooperation at adjacent region.
| hope this unrest will be monitored under above intergovernmental agreement.



Japanese government supports our new project

'New scientific project at Kluchevskaya volcano in

Kamchatka will work from 2010 to 2014 by

' eHokkaido University
. eInstitute of Volcanology and Seismology, FEB-RAS
. eKamchatka Branch of Geophysical Survey, RAS

funded by Ministry of Education, Culture, Sports, Science
“and Technology of Japan (MEXT-KAKENHI).

. This project will product valuable output for volcano
. monitoring, especially for basaltic volcanoes (e.g. Fuji

-volcano).

Kluchevskaya, Kam Fuji , Japan
e - RPN

B




Monitoring Research
in “populated”

Japanese Islands

Left:
The 2000 Usu-Eruption

Phreatomagmatic eruptions
attack hot-spring resort area.
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Fulfilling 24hrs Monitoring in Japan

mSeismometer: 6 ..
olnfrasonic sensor: 4 Sakyrajlma VOICa no
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Data in Real-time oo :
Telemetering | Eruption Prediction Information must be
| |issued with high reliability. '

| | That is, It will be dangerous or not for
resident activity?

are in operation at four district JIMA
observatories



Prediction need to say followings,

——————————————————————————————————————————————————————————————————————————————————————————————

- When it will start?
* From Where?

* How large? \ :
» What style? Explosive? Lava flow? !
- How long continue? i
- When it will stop?

________________________________________________________________________________________________________

Because evacuation will stop all living and economic
activities of residents.



Can we reply in Real-time or advance?

. v/ Datais data, they do not teach us answers.... |
' v Many unrest signals without eruption are usually observed. Dense
' and high-precision observation network complicit in increasing of '
| such experiences.

v'  Past experiences is workable, but volcano sometimes try to find

' fully new approach.

Current
Status

When start? Green+Yellow  Hypocenter migration? Geodetic data?
From where? Green+Yellow  Hypocenter migration & Geodetic data
How large? Geodetic data => Target of this report
What style? Red Geodetic data?

How long continue? Red Only status monitoring is available

When stop? Red Only status monitoring is available



Objective of Presentation

How to estimate eruption magnitude in advance.

Eruption magnitude prediction is very important
for everything, e.g. evacuation, aviation etc.



Sometimes it happen sudden

Less than half-day precursor for eruption is usual.
2000 Miyake: 8hrs, 1983 was only 1h15min

Left: 2000 Miyake
— » Dense tiltmeter network
MKK EW well captured precursor
MIT IS N : signals (Ueda et al., 2005,
MKT EW . : :
\ ; [ : : GJI).
- : . 20 prad )
Z : — »JMA issued an alert on
N , E down T
U 19:33 (1hour. a.fter beginning
MKS EW of unrest activity).
MEREW »Submarine eruption occur
m::g :g at 9:00am but this is only a
NAKE i - introduction fo.r catastrophic
fperiod1 Period2 | Period3 caldera formation.
12:00 1 0:00 6:00 12:00

June 26 18:30 June 27

Real-time data processing and judgment for prediction
parameter are required for information release.



How to pursue rapid and extensive
phenomena?

v’ Required system:
5 e Real-time data transfer

 Simple data pre-processing and visualization

"I'
ad
+
e

=>achieved in Japan, etc...
=>not in Kuril

v/ Data processing
' * Simple and robust modeling for extracting
essential information from observation data |




'..-r o ..;_..-"“ _..-' 4
g Se|smometer can record phenomena less than 120

o

“ies second (STS-2). e
e Time constant of eruption is more and yet more h- '

longer.

Seismometers give only exclusive information

2TRE
S5l A& v
To monitor volcanoes, geodetic equipment is

necessary
- . N 1., W =3 . 3
|

;“"‘m Hokkaido, Japaa.¥§




Magma volume is most important!

_________________________________________________________________________________________________________________________

' Here | believe simple assumptions, that is,
Magma volume strongly control eruption

‘f>

chamber

“activi’

Discharge rate with viscosity

d d .
—A V =—| (dike)dz
dt dt j( )

may predict eruption type.

[(dike)dz+AV=V
AV = |(dike)dz

_eCapturing magma intrusion rate/total from (a) chamber(s)
. give a clue to predict eruption size and type
- eSuccessive magma volume detection may provide valuable

_________________________________________________________________________________________________________________________

information.



How to detect magma volume?

Far-field classical geodetic instrument is preferable
=>Borehole tiltmeter/strainmeter

___________________________________________________________________________________________________________________

Why Far-Field?
‘ =>To avoid near-field effect of deformation field

Why Borehole Tiltmeter?
: =>No need pre-processing (GPS need data processing!)
output voltage=physical value=tilt(micro-radian)
=>High precision (than GPS!)
=>Replaceable (Strain-meter is not replaceable)

___________________________________________________________________________________________________




Far-Field data is useful!
For real-time monitoring




Near-field problems

Deformation is strongly affected:
by  geometrical  relationship
== | between dike and stations. '

EThis information is good for detailed source
= ' modeling but it need dense network.

_____________________________________________________________________




Far-field advantage

To acquire magma activity, we need to estimate

————————————————————————————————————————————————————————————————————————————

‘\;LOCAT|ON(X,Y,Z.) * (x,y)=under volcano; a priori fixing
POTENCY, thatis, AV “» AV from far-field data is not
effected by depth variation!

J| ‘E; Researvoir depth
20 i } —— Tkm
: \ - 3km

4| —a— Skm
L == Tlcm
—w— 10km

R A R g

8
2
o
k-
©n
b
% 15
&
&
b = |
E
1]
g
=

5 10 15 20 25
Distance from volcano center to geodetic sites in km

=>unknown parameter is only AV




A far-field data can estimate volume
change in the deeper magma source

.?ﬂﬂﬂ ﬁﬁi}ﬁﬁ‘ S5 <> 2000 8/26-8/31

" o

‘ Fixed site f
& 34.5N|-

/ Nii-jima

‘ Shrmne-ﬂm\“f

Focal r&gn:rn of “Ugh)

earthqualke swarm ' Miyake-fima

¥ 'Miyake volvcano
| !' |
N \ s
M:ku.-l':a-j:mal il 10km
\
-~ ‘
139.0E 139.5E

GPS data from GSI: http://www.gsi.go.jp

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————

' Near-field stations illustrated shallow dike movements .
Far-field data reflect volume change of deeper main source |



Far-field data steadily record huge
deflation of deep source

Large =ruplio
wrva )l saald e F bree §

rrrrrr

rrrrrrrrr

Displacement [cm] and Valume [10%7Tm*3|

™ o et ¥ | STENES PETUSETY ]
|
Levngltuncle| i)

=st=Fctimated volume (10N FimA3)

__________________________________________________________________________________________________________________

'+ More than 108m3 deflation is recorded.
e If we used this data in real-time, we might predict
anomalous caldera formation before its occurrence.



| propose Mvp indeX'

: ' If we assume that AV is in proportion to eruption size,
- »/\V is estimated by a far-field geodetic data in real-time.

i *Define Mvp=logAV-6
' because AV in m3 is hard to grasp for re5|dents.
VEl is a posterlorl

Mvp growth of the 2000 Miyake volcano eruption

strict Alertzc?ne: Ev?tﬁ???—’n—Direrjiue We Can reply to the
— general question,

“How large is coming
eruption?”

i Normal Zone



disaster operation, order
odeling may be useful and effecti

Scientists : need (want ) to establish detailed model with
fulfilling data.

But |t cah be done in excluswé volcanoes because it

,cgn obtam u%@&’ful
nt for diﬁéster fﬁ

' M'c;mq'ﬁiwé“tért-iar{/ Pé\;a--ifo-me_, Hokkaido, Japan




Only tiltmeter is feasible, GPS is NO!

Far-field require high sensitivity

qupment | Accuracy _| reprocessing._| Pricain Japan.

Tiltmeter 102 radian No need 30,000 dollars
GPS 2-5mm Necessary 30,000 dollars

 Tiltmeter is more and more sensitive than GPS
. for less than a few weeks period.

. Far-field GPS can not detect initial small signals
' <=not good for prompt disaster information release

i * L _i’"
R i,

| GPS can do its best effort for >1cm or more longer period data.
&7{ GPS is not perfect tool.



Conclusion

For quantitative eruption magnitude prediction,

e Far-field tiltmeter data is very useful.

| request you to install a tiltmeter, not seismometer,

in the active volcano!

Mt. Meakan-dake, Hokkaido, Japan




Chirip volcano, Itrup Island, Kuril Islands



The new geophysical observatory
In Northern Caucasus: modern system for
geophysical instrumental observations

INn the Elbrus volcanic area

Alexey L. Sobisevich

Schmidt Institute of Physics of the Earth, Russian Academy of Sciences
Laboratory of Applied Geophysics and Volcanology

www.ifz.ru
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The Elbrus volcano, Northern Caucasus

The Elbrus volcano, top of Caucasus.
Mt. Elbrus is the highest (5,643 m) active
volcano in Europe.

It represents an example of volcanism
related to the axis of a continental
collision zone.

Elbrus has erupted more than 10 dacitic
lava flows during the Holocene.

The twin-summit stratovolcano volcano
has the glacial ice cap (~140 sqg.km).

East summit (right, 5621 m) and West
summit (left, 5642 m).

Radiocarbon dating of samples from
down-valley lahars and debris
avalanches are: 8150+100, 6200+120,
5100£100, 4060+40, 2520+60, and
1750430 years bp.

Solfataric activity reported near the
saddle and on the West summit, hot
mineralized springs on its slopes and in
adjacent areas.

Recreational area famous for great
outdoor activities.
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Iranian
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Modified from Lipman et al. (1993)
1 1

* Pliocene-Quatemary volcanoes /}j—— Major strike-slip faults m Oceanic or intermediate crust Main sedimentary basins
[
= =3 i
Felative motion with i — Recent folding along border of
e n respect y-#’ Major thrust faults I:l Continental crust the Arabian plate

to Eurasia

Geodynamic model of the central segment of Alpine-
Himalaya mobile folded system and the Greater Caucasus,
after [Lipman et al., 1993].

Fragment of the “World map of volcanoes, earthquakes and plate
tectonic” composed by T. Simkin, R. I. Tilling, J. N. Taggart, W. J.
Jones and H. Spal, published by Smithsonian Institution & U.S.
Geological Survey in 1989.
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Africa-Arabla-Eurasia continental collision zone

ed5<M<55
@5.55M<85

@b.5sM <75

eMz75

20 25 30

Block model consisting of 19 plates/blocks and M >
4.5 earthquakes (h > 35 km) (NEIC catalog; 1973 to
Jan 2005), Nubian (NU), Somalian (SOM), Arabian
(AR), Eurasian (EU), Anatolian (AN), Aegean (AG),
Lut(LUT), central Iran block (CIB), Kavir (KA), Alborz
(AL), Caucasus (CA), Black Sea (BS), Sinai (SIN),
SW Anatolian (SWAN), SE Aegean (SEAG), central
Greece (CGR), northern Greece (NGR), Marmara
(MAR), India (IN) [Reilinger et al., 2006].

G

l‘.___.-—"’"" 0--20@420@9;5
20 30
GPS velocity field 1988-2005 for the Eastern
Mediterranean with respect to Eurasia showing CCW
rotation of a broad region in the Africa-Arabia-Eurasia
collision zone [Reilinger et al., 2006],

Robert Reilinger (MIT) et al., “GPS constraints on continental deformation

in the Africa-Arabia-Eurasia continental collision zone and implications for
the dynamics of plate interactions”, JGR, 2006.




Evidences of past seismic and volcanic events

R T R .
Columnar-joined ice-contact structures.

Ancient (about 2000 years ago) rock avalanche in the valley of the Baksan river, Elbrus volcanic area.




Paleoseismic events and eruptive history of Mt. Elbrus
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Timeline of various types of paleoseismodislocations and results of radiocarbon dating of Holocene seismic and
volcanic events in the Elbrus volcanic area: 1-2 results of radiocarbon dating (Gl RAS): 1 — lower age boundary

of seismic event; 2 — age of dislocation coincident with seismic event; 3 — upper age limit of the event; 4 —

modern soil samples taken for verification purposes (size of rectangles equals to measurement error); 5 —
sample tag; 6 — volcanic eruption [References]; 7 — seismic event.




Map of operational and planned Laboratories of NCGO
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Locations of existing/operational (red waypoint markers) and planned (grey waypoint markers)
Laboratories of the Northern Caucasus Geophysical Observatory. At the moment there are five

operational Laboratories: #1 and #2 (underground tunnel in the Baksan valley), #3 (city of Nal'chik,
KDSU), #4 (Elbrusskiy place, Kuban river valley), #5 (near the city of Sochi).




Geophysu:al Laboratorles #1and # 2

2o
FOYERED EY I 1 m

"f‘thmF’ I} =

Digital elevation model (SRTM3/GM) for the terrltory of the valley of Baksan river close to the site
of the horizontal system of tunnels drilled under the mount Andyrchi (~20 km from the Elbrus
volcano). The main and the secondary tunnels are shown as the green line and the positions of
Laboratories # 1 and # 2 are shown as the two red waypoint marks in their exact geographical
positions. Underground structure of tunnels extends up to 4300 m under the mountain.




The underground research facility: “Neutrino” tunnel
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the surveillance/access control system.




The underground research facility: “Neutrino” tunnel
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The “Neutrino” tunnel is the unique sl
underground research facility built
specifically for fundamental studies C
of Solar neutrino, cosmic rays,
physics of elementary particles and
other subjects of the Institute of
Nuclear Research of RAS. The
construction work carried out by the
“Metrostroy” company from mid
197x till the end of 199x.
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Structural drawing of the tunnel, view from the top.



Laboratory # 1, 1500 m down the tunnel

PR P i
: : .“'f Ty f
[ |
1 |
|
%=4515,81 ' nocmamesm—N1
$ ¥=912047- 1 1 xamepa N1
- ===
2( H=1705.20 14' Bl @ i He1705.80
K7 | 1 gy Y5192
Lo ¥=9127.57
A | | lupoma 43. 15. 52,9
: :Ilom 42. 42 141
€1
g | 1
o | |
= 1
| |
| |
| |
1 |
e i Instrumental foundation in the Lab. #1 built on solid rock in
o 'HWM ———————  2(004. The following equipment is installed: N-S and E-W
| guartz tilt-meters, ferromagnetic probe, and thermometer
connected via L-card E-24 ADC to PC-based registration
system; Triaxial seismometer (Geospace GS-13C Seismonitor)
connected to a REF TEK 130b datalogger.
R I T e Z-component of a seismic record featuring a rock burst




Laboratory # 1, 1500 m down the tunnel

File 2010125235958615_052665c4_0000_1Das A046 100,0 sps
First Sample: 2010 125:23:59:59.995 Event 2992

Mean Removal On, Common ¥ Scaling Stream 1

1 096 |range= 2 152 mean= -80%

3984114 Samples HP off LP off 4022419
1 min/div 39 841,140 11:04:01.135 Seconds 11:10:24.185 40 224,190
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Example of a seismic record of a
train passage along the main
tunnel. Local railway system
normally operates twice a day
only. There are no trains
scheduled for weekends and
public holidays. Other commonly
registered signals are: rock
bursts, distant and local
earthquakes, snow avalanches.




Laboratory # 2, 3900 m down the tunnel, year 2004
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Structural drawing of the Laboratory # 2 close to the end of the tunnel. Initial conditions in the unfinished gallery with dead e‘nd.



Laboratory # 2, one year later

The next year the Laboratory # 2 has been upgraded with the main utility power plus several extra cables (TP
cat. 5 Ethernet, telephone, RS-485/RS-232 and other remote interfaces) + the first instrumental foundation.




Temperature observations

* Nearly constant ambient temperature:
+38 deg. C near the floor of the gallery;

+39 deg. C near the ceiling of the gallery.




Progress on instrumental foundations 2005 — 2007




Laboratory #3 in the City of Nal'chik, KBSU

_ e 2005 in the redesigned basement of
< l [[ the Kabardino-Balkar State University,
e

the City of Nal’'chik, the Laboratory # 3
has been established. There are 3
instrumental foundations in a thermally
stable environment with fiber optic
connection to the Internet via the
university network.




The GS RAS seismostation in the Lab. # 3 since 2006
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Laboratory # 4, the “Verkhnekubanskiy” test site

In 2008 the Laboratory # 5 located near the village
Elbrusskiy, has been set up for continuous
operation in collaboration with Pushkov Institute of
Terrestrial Magnetism, lonosphere and Radiowave
Propagation of RAS. The instrumental foundation
designed specifically for measurements of magnetic
variations has been built from scratch along with the
remote operator lab unit and secondary foundation.




Magnetic variations preceding strong earthquakes

itn 24 £ ] Wﬂ“wﬂ&uﬁ Mh““mexw '”““aﬁfm»w»mm“ *nh

P I -,f.-."r..-'-‘"-.
= Lo : Lo Lo :

30
D 28 L 1 A,
HTn ] . V,«-MJ'T',J' 1 |
75 |

N
Somw B
I =

Hln
! I
2000 E
E-W 500 E -
MCEK -
IO¥TH O B | :
|
5000 f |
N-S 0E

MCEK .
AYTH =000 B

a0 01 02

20070812 20:00:00 200/-09-15 U2:00:00

]

.|

J
—i
[.d
]
[
Ll

Seismic event near the coast of southern Sumatra, September 12, 2007, 23:49:01, M = 7.3, H = 33 km,

magnetic variations T = 150 s, amplitude of magnetic variations = 3.5 nT. Laboratory # 3 (Nalchik).



Magnetic variations preceding strong earthquakes

H T >3 b I'I I| | Ilu'l

Seismic event near the coast of southern Sumatra, September 12, 2007, 23:49:01, M = 7.3, H = 33 km,
ULF magnetic variations T = 150 s, amplitude of magnetic variations = 3.5 nT. Laboratory # 3 (Nalchik).
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In 2009 the Laboratory # 5 located in the City of
Sochi has been set up for continuous operation. It is
designed specifically for measurements of magnetic
variations (and auxiliary meteorological data). The
Pushkov Institute of Terrestrial Magnetism,
lonosphere and Radiowave Propagation of RAS is
responsible for maintenance of the HDZ magnetic
variometer while near real time data streams are
incorporated into NCGO on-line database.




Future plans on development of the NCGO

The TRSK station (GPS/GLONASS) of the Regional
Northern Caucasus network [Milyukov, 2010], Terskol
Peak, 3150 m, 3 km from the Elbrus volcano.

e PR

In collaboration with the Geophysical
Survey of RAS and Shternberg State
Astronomical Institute (MSU): installation
of a broadband digital seismic station at
the Terskol Peak, only 3 km from the
Elbrus volcano for monitoring of possible
signs of volcanic activity and seismicity
related to glaciers evolution.

In collaboration with the Institute of
Computational Mathematics and
Mathematical Geophysics SB RAS:
installation of a linear seismic array in the
underground tunnel for scheduled
geophysical experiments.

In collaboration with Pushkov Institute of
Terrestrial Magnetism, lonosphere and
Radiowave Propagation of RAS:
development and implementation of an
open database of magnetic observations,
integration with data streams from
Armenian magnetic observatories.
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Geophysical Observatory in Northern Caucasus

Main objective: development of the first geophysical observatory in Northern Caucasus.
Primary purpose of the observatory: fundamental scientific studies for geophysics.

Ways of implementation: sequential development of spatially scattered laboratories
responsible for geophysical instrumental observations and integrated in a network.

Ongoing activities: multidisciplinary monitoring over geodynamic processes in the Central
part of the Greater Caucasus and in the Elbrus volcanic area.

Specific problems: study of a deep underground structure in the Elbrus volcanic area,
determination of sizes, shapes and locations of regional magmatic structures by means of
geophysical methods (seismology, micro-gravimetric surveys, magnetotelluric sounding, and
studies of magnetic variations) accompanied by remote sensing technologies.

Generation and dissemination of knowledge in frames of the Federal Programme for
Integration between Russian Academy of Sciences and local Universities.

Practical outcome includes but is not limited to: prospecting of regional alternative energy
resources (geothermal), better management of possible consequences of natural hazards,
and relevant risk assessment.




 Research activities associated with development of the Northern Caucasus Geophysical
Observatory are simultaneously supported by the Programme 4 of the Presidium of RAS, the
Russian Foundation for Basic Research, and the Russian Science Support Foundation.
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VOLCANIC ASH AND AVIATION
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A THREAT FOR AVIATION

« A hundred of encounter
with volcanic ash have

ahtres

been reported since the
beginning of 70’s, on
which three implied the

jet total loss of power HH‘I _. !

during several minutes. © Annés
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. The cost of encounters since the 80’'s has beémsmaluated to
more than € 250 millions Q
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Mechanical abrasion mécanique. :

Pitot tube, antennas)

Opacification of transparent

surfaces

(windshield, landing light,

windows)

Source Airline Pilot
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' CONCRETELY

Deposition on engine pieces (hot section)

..... ON THE ENGINE SIDE ....

Erosion of the rotor blades and composants
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v ... AND THEN

Electronic and avionic

contamination

Clogging of fuel, air entry

Used filter before/after ash ingestion
10 pm 1500X.

.
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’ ... BUT NOT ONLY ...

Radio electric effects (radio communications black out)

Chaiten, Chili
2 Mai 2008 (source La Tercera)
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' CLOSE TO THE VOLCANO

Mariscal Sucre International Airport, Quito

The airport was closed for 3 days as a result of deposition of 2—3
mm of ash from the October 1999 eruption of Guagua Pichincha
about 15 km westoF Quito and fors days as a result of

deposition of 3-S5 mmofashifrom the November 2002 eruption

of Reventador about 90 ki east 0FQUIto
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' VOLCANOES NEIGHBORING AIRPORTS

Mated for Anchorage Airports
Ed




OR EVEN FAR AWAY FROM THE VOLCANO

Source MétéoFrance
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© MétéoFrance
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'LONG DISTANCE DAMAGE

e Pinatubo, 1991 (VEI 6 — 34km): 930 km from volcano- Encounter occurred at FL370
engine #1 surged and was shut down; engine #4 lost power. (Casadevall et al. 1996)

e Pinatubo, 1991: 1150 km du volcan Encounter at FL290

St. EImo's fire on the windshield . (whitish) fog in the cabin. Once in Tokyo, engine inspection
revealed that all four engines were damaged . First-stage nozzle guide vane cooling air holes were
70-80% blocked Other damage occurred to the cockpit windows, cabin windows, Pitot static
probes, landing light covers, navigation lights, and all leading edge areas. (Casadevall et al. 1996)

» Hekla, Fevrier 2000 (VEI 3 - 11km): 1480 km du volcan, (35h)

The NASA DC-8 flew for seven minutes in cloud that had up to 0.8 ppm SO2, and nearly 30,000
particles cm-3 aerosols. In-flight performance checks and post flight visual inspections revealed
no damage to the airplane or engine first-stage fan blades; subsequent detailed examination of
the engines revealed clogged turbine cooling air passages.

(Grindle and Burcham 2002-2003).

* Redoubt, 1989 (VEI 3 - 12km) : 5400 km du volcan (35 / 55h
: : . _ METEO FRANCE
2 encounters over Texasengine failure / leading edges abrasion (Casadevall 994y, un temps d'avance



IAVW : 9 VAAC
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9 VAACs designed by ICAO to monitor satellite data and run dispersion
models as to issue advisories in text and graphic format.
METEO FRANCE
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' ICAO ANNEX3 STANDARDS §83.5.1

A VAAC ... shall .. respond to a notification that a volcano has
erupted, or is expected to erupt or volcanic ash is reported in its
area of responsibllity, by :

a) monitor relevant geostationary and polar-orbiting satellite data to
detect the existence and extent of volcanic ash in the
atmosphere in the area concerned,

b) activate the volcanic ash numerical trajectory/dispersion model in
order to forecast the movement of any ash “cloud” which has
been detected or reported,;

c) Issue advisory information regarding the extent and forecast

movement of the volcanic ash “cloud”
METEO FRANCE
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RESPONSE TO A NOTIFICATION
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' ICAO WARNING PROCEDURES
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-::> Volc Obs.
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' LOCAL DETECTION

By designed volcano observatory notifying to VAACs, Met
Watch Offices MWO and Area Control Centres ACC

volcanic activity and pre-activity
By Pilots Reports (PIREP) reporting by voice communication
to ACC

ENY WalbCam

EMNT WebhCam

02—-09=5338 15 23]




VONA

(1) VOLCANO OBSERVATORY NOTICE FOR AVIATION (VONA)

(2) Issued
(3) Volcano:

(4) Current Aviation Color Code:
(5) Previous Aviation Color Code:
(6) Source:

(7) Notice Number:

(8) Volcano Location:
(9) Area:

(10) Summit Elevation:

(11) Volcanic Activity Summary:.

(12) Volcanic Cloud Height:

(13) Other Volcanic Cloud Information:

(14) Remarks:
(15) Contacts:

(16) Next Notice

20081106/0855Z
Agua de Pau 1802-09
RED

RED
CVARG (Centre of Volcanology and Geological Risks Assessment)

2008/003
3746N02528W
Azores and Madeira
0947 m (3107 ft)

A new explosive eruption at Agua de Pau volcano has started approximately at 0845Z and
keeps ongoing. This follows the increase in eruptive activity started yesterday, November

5th. Seismic activity remains at high levels.
The height of the ash cloud is estimated up to 15000 m (50000 feet) above sea level, based

on ground observations.
Preliminary height up to15000 m (50000 feet) above sea level.

NIL

Volcano observatory Coordinator
Tel: +351 296 654 471 / +351 296 650 147;
Fax +351 296 650 142

A new VONA will be issued when conditions at the volcano warrant changing the aviation
color code or when a significant volcanic event occurs within the current color code.

METEO FRANCE

Toujours un temps d’avance



Volcanic report

veourstora
islands
-t

EBE-010-1 4

Volcanic ash status report Volcanic ash status report

Date and time of report: 22.05.2010, 06:00 UTC

Date and time of report: 05.05.2010, 21:00 UTC Reported by: Porsteinn V. Jonsson

Reporicd by: Helga Ivarsioltir Please contact the Icelandic Met Office to discuss any of the content

on +354 522 6313 (direct number) / +354 522 6300

Current height and the height of the eruption for the last 3 hou

(extremes and estimated averages) Current height and the height of the eruption for the Iast 3 hours
Increased activity in Evjafjallajékull (extremes and estimated averages)

Radar: Upp to 10 km, but mostly between 5.5-6.2km for the last hou Plume height according to radar: N/A

Pirep: (Aircraft in FL.200) At 20:00Z. Plume 25-30.000 feet. Ashgn

plume, very dark and massive. Satellite images: Trace of plume seen over top of volcano.

Not seen on webcams ) .
Webcam: Plume obscured in clouds.

IMO-scientists estimated height of plume: 3-4 km.

Nature of reports: e.g. by radar, by aircraft or by eye
PIREP: N/A

Satellite imagery

‘Webcam

Nature of reports: e.g. by radar, by aircraft or by eye
Radar signal and pirep.

Any obstructions to the observations (clouds, etc.)
Overcast at volcano. Moderate/poor visibility.

Any obstructions to the observations (clouds, etc.)
Low cloudsand fog around and over the volcano.

METEO FRANCE
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’ PIREP

Goodday sirs,

This morning pirep received from KLM571D from Dar es Salaam to
Amsterdam.

Volcano Ol Doinyo Lengai reported explosion at 0945z with ash
cloud upto fI330.
Kind regards,

KLM Dispatch

METEO FRANCE
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MONITORING
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' REMOTE SENSING

- Most volcanoes are not monitored on
a regular basis.

- SAT information is of paramount
Importance

« The main limitation of SAT data
comes from

. the presence of atmospheric
clouds (mask effect, confusion
between the cloud types).

. the lack of quantitative data

- Neat preference to geostationaries
providing loops beeing more
iInformative (history of the cloud)

________
o il

LOC KHEED hd ARTIH

s
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A
w DISCRIMINATION ASH vs WATER

' split-window " :

based on bright temperature

difference from channels IR W, Al
- #' "'t'l, at8 (vMSG? / ’j

230199 ROARTS 3621 0715 (10 L ,*' i o i ,
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VIS ' plit window
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POLAR ORBITING SATELLITES
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SO2 DETECTION

GEOSTATIONMAIRES GY jeu 30/11/2006 05:00 (MSG1-METS) GLOBE-(0
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’ SO2 DETECTION

e ash cloud (HIRS/Z) Pinatubo eruption 15 Jun 1991
4 ash doud (AVHRR]

a SO, cloud (TOMS)

—_—
]

" R T

The SO2 cloud
splits apart from 10
ash cloud — often
higher, ahead and
very larger after
24/36h.

(wm)

e

]

____ etuption period

L]

20 40 60 B0 100 120 140

time after eruption onget (hour)
Guo et al, 2004, G3, vol 5, no 5
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SO2 RETRIEVAL FROM IASI

190°

180°

170°

ml‘(
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' SO2 RETRIEVAL FROM SCIAMACHY

—_ e e e e e s |

502 vertical column [DU]
SCIAMACHY — BIRA-IASB/DLE/ESA 26 March 2008
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MODELLING
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'MOCAGE ACCIDENT FOR VOLCANIC ASH

= Specific configuration :
= Globalat0.5°
= 47 vertical levels, from the ground up to 5 hPa
= No chemistry

= Complete physical processes + sedimentation of particles

minutes for a 12h run)

= Specific emission module : depending on the height of the source and the

wind (working for gaseous emissions too)

METEO FRANCE
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o 4 JOCAGE

Large —Scale Transport (wind) : Semi-Lagrangian scheme
(Williamson & Rasch, 1989)
Parameterized transport : Convection and eddy diffusion
(Bechtold et al, 2000) (Louis,1979)
Dry and wet depositions
(Wesely et al, 1989) (Mari et al, 2000 ; Liu et al, 2001)

Chemistry : different schemes
METEO FRANCE

Toujours un temps d’avance



DISPERSION FORECAST

Accident de EYJAFJALLAJOKULL du 14/04 /2010 modéle de dispersion :
MOCAGE-accident
modele météo : ARFEGE

Concentration moyenne suTt la couche SURF-FLZ200 en g/m?
16/04/2010 O0Dh0OD UTC
, , [NFOS REJET

- Site : EYJAFJALLAJORKULL

B Deébut émission: 14/04/201L0 0DEL0O0 UTC

; - i 0 Duré rejet : 216hH00

N i =l Lat. rejet : 62.633 6303758"

Lon. regjet: -19.617 -192-37-1

Débit d'émission : 1.4e+08 g/h

Base : 1300m

Sommet : 7500m

Polluant émis : CENDRE

“n =
H s

[NFOS MODELE

grille resolution : 0.5°

Baze modéle ARPEGE
Réseau @ 16/04 /2010 120TC

WValeur max échéance courante :
L.0e-0E g/m?
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VAAC METHODOLOGY
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Les VAAC (Volcanic Ash Advisory Center : Centre Conseil en Cendre VYolcanigue), au nombre de neuf,
rournissent leur expertise 4 I'aviation civile Internationale en cas d'éruption volcanigue signifcative.

lls sont une piece fondamentale de la Veille Volcanigue des Routes Aériennes Internationales.

(ou IAVW © International Ainvays Volcano Watch).
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TOULOUSE VAAC WEB SITE — ONLINE VAA / VAG

3 Home o Accueil

Toulouse VAAC - Volcanic Ash Advisories

Last updated: Wednesday, 07T March 2007 11:00:01 UTC

Most recent five messages, regardless of volcano:
OF-02-2007 - 1430 UTC - 2007-01 -- STROMBOLI
O8-02-2007 - 1230 UTC - 2007-02 — KATLA -- has graphic attached (Graphic only)
O8-02-2007 - 0930 UTC - 2007-01 - KATLA -- has graphic attached (Graphic onlky)
FOFE-20068- 1715 UTC - 2006-12 -- ETRHA,
OF-F2-2006- 1500 UTC - 2006-14 -- My AMLURAGIRA

ETMA
FO-F2-2006- 1715 UTC - 2006-12
O5-¥2-2006- 1440 UTZ - 2006-11
O5-¥2-2006- 1440 UTZ - 2006-11
O5-72-2006- 1440 UTC - 2006-11
O5-72-2006- 0841 UTC - 2006-10 -- has graphic attached {Graphic only)

KATLA
O8-02-2007 - 12:30 UTC - 2007-02 -- has graphic attached (Graphic only’)
O8-02-2007 - 09:30 UTC - 2007-01 -- has graphic attached (Graphic only?)

NYAMURAGIRA
OF-72-2006- 1500 UTC - 2006-14
OF-72-2006- 02:00 UTC - 2006-13
Q2-72-2006- 11:20 UTC - 2006-12
Q2-72-2006- 11:20 UTC - 2006-12
Q2-72-2006- 0443 UTC - 2006-12

STROMBOLI :
OF-03-2007 - 14:30 UTC - 2007-01



FVEE02 LFPW 100722
Wi ADVISORY

DTG 2002031007115
VaLT: TOULOUSE
VOLCANO: OL DOINYO LENGAT 0202-12

PSH: 50246 EO3555

LBES: AFRICA-E

SUMMIT ELEV: 29620

LDVISORY ME: 200320

INFO S0URCE: WMETECQSAT

ANVIATION COLOTUE CODE: WIL

ERUPTION DETAILS: UNENOWH

OBs ¥4 DTG: 10060058

OBS W CLD: SFC/FL240 50240 02600 - 50225 E03520 - 50250 EO03520 -
50240 E0Z600 MOV W15 KT

FCST VA& CLD +6H: 1012002 5FCFL240 50240 EN3500 - 50215 EO3350 -
50325 EO03340 - 50240 E03500

FCST VA& CLD + 12H: 1018002 HO WA EXP

FCST V& CLD + 15H: 11/00028 HO Vi EXP

EnE: PLEASE CHECK SIGRET FOR CUBRRENT WARNINGE.

HET ADVISORY: LAST ADVISORY=

TOULOUSE VAAC WEB SITE — ONLINE VAA 1 VAG

r, Accueil

£, Home

Les VAA et VAG sont
disponibles en temps
réel sur le site.

10 0BT Ty 10712002
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FROM APRIL 19TH
CONCENTRATION CHARTS

[' METEO FRANCE
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' What has changed since April 20

A threshold of concentration of volcanic ash possibly
damageable for jet engines has been provided by engine
Industry. Testls should be probably conducted in wind tunnels with
volcanic ash on engines to confirm this number.

Dispersion models for volcanic ash therefore can be used no
longer in relative but in absolute terms without necessary
reference to the observation satellite

The uncertainty on the values provided by volcanologists to
Initialize dispersion models (an order of magnitude, according to
them), however, lead to uncertainty of the same value in the
depiction of concentration maps provided by these models.

METEO FRANCE
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Volecanic Ash concentrations FLOOO to FL200

Modelled Ash Concentration from FLOOO to FL200 ot 1800 UTC 12/05/2010

This is a guidance product, supplemental to the official VAAC London Volcanic Ash Advisory
and Volcanic Ash Graphic products.

Issue time: 2010051208600

Predicled oreo where volconic ash Predicted area of ash concentrotions thol exceed
moy be encountered acceploble engine monufocturer tolerance levels
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Acclident de EYJAFJALLAJOKULL du 14/04 /2010

Concentration moyenne sur la couche SURF-FL2Z0O en g/m?>

14/04 /2010 127h00 TUTC
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MODELLED ASH CONCENTRATION

modeéle de dispersion :
MOCAGE-accident
modele météo : ARPEGE

INFOS REJET

Site : EYJJAFJALLAJOKITLL

Début émission : 14 /04 /2010 065h00 UITC
Durée rejet @ continue

Lat. rejet : G3.633 Ga"37 58"

Lon. rejet : -19.617 -192-37'-1"

Deébit d'émission @ 1.4e+11 g/h

Base : 1300m

Sommet @ 4000m

Polluant émis : CENDRE

INFOS MODELE
grille resolution : 0.5
Base modéle ARFEGE

Reésean : // UTC

Valeur max écheéance courante :
4. 4e-02 g/m?
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Modelled Ash Concentration from FLO0O to FL200 at 1200 UTC 21/05/2010

This is a guidance product, supplemental to the official VAAC London Volcanic Ash Advisary
and Volcanic Ash Graphic products.

Issue time: 201005211200

. 200-2000 microgrammes per cubic metre . 20004000 microgrammeas par aubic matrs . =>4000 microgrammes per cubic metre
MEt Offl(ie All concentrations are subject to a level of uncertainty relative to errors in the estimation of the eruption strength
-60 30 60 90 120

" *I
A

15 150
@ Crown Copyright 2010. Source: Met Office



BO'N

30'N

MODELS INTERCOMPARAISON

Accident de EYJAFJALLAJOKULL du 14/04/2010

Based on the same source term :

Concentration meyenne sur la couche SURF-FLZ00
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y
w Sensitivity tests

SURF-FL200 *** 1612 *** D01-D05-D20 *** iso 0.002
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ﬁSPECTIVE — QUESTIONS STILL TO ANSWER

- What about non monitored volcanoes for which no data for masse
rate and plume height will be available in real time?

- Sensitivity test has proved that the error on the mass rate induces
a similar error on the computed concentration ( linear correlation).
How to estimate the uncertainty in the source term of models (mass
rate) ? Once known, how to reduce it?

- Impact on airlines operations are very level dependant. How to
Improve the vertical information about presence and concentration —
fixed layers can be misleading ?
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HOW TO NAME AVOLCANG
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Experience Studies Damage GTE from
Foreign Object In Relation to the Effects
of Volcanic Ash

Dr. 1. Egorov

Moscow 2010



STATE OF THE PROBLEM

According to the existing ICAO norms, civil aviation flights inside areas with
volcanic dust (VD) clouds are not permitted. In case of unintended entry of
an aircraft into a VD cloud, the norms provide for emergency escape out of
the zone and lowering engine thrust to decrease its damageability.
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INTERNATIONAL CIVIL AVIATION ORGANIZATION

HANDBOOK

INTERNATIONAL AIRWAYS
VOLCANO WATCH (IAVW)

OPERATIONAL PROCEDURES
AND CONTACT LIST

VOLCANIC ASH CONTINGENCY PLAN
EUR REGION
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Edition); ICAO PANS ATM (Doc 4444) Appendix | — ICAO Special
Air-report of Volcanic Activity Form (model VAR)

Nevertheless, situation with recent volcano eruptions in Iceland
showed that there is no regulatory basis for flights in areas with
comparatively low VD content.
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FREQUENCY OF INCIDENTS, LINKED TO EXPOSURE
TO AIRCRAFT IN AREA ASH

Figure 1. Frequency of reported encounters of aircraft with velcanic ash, 1973-2003.
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In June 1982, a passenger plane Boeing-747 British airlines flying at an
altitude of 12,21 thousand meters from the city of Kuala Lumpur
(Malaysia) Perth (Australia), suddenly there was a failure of four engines.
The plane began to fall and only at a height of 4,62 thousand meters again
managed to run one engine, a bit later - the other two, and the plane made
an emergency landing in Jakarta (Indonesia). The cause of this incident
became ashes thrown into the atmosphere during explosive volcanic
eruptions Galuggung, which erupted in April 1982.
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Problems:

e Over 20 years (until 2003) was noted more
than 100 cases of civil aircraft collisions with
clouds of volcanic ash

 |[n 8 cases, these clashes have resulted in
significant damage to the CCD, impacting on
safety

 Engine damage depends on the
concentration of ash, the duration of the flight
In the volcanic cloud and the actions of the
crew during the passage of clouds
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Study CFM-56 engine DC-8 aircraft after the
flight in a zone of volcanic ash

Authors: Tom Grindle, NASA Dryden Flight Research Center

Bill Burcham, Analytical Services and Materials, Inc.

® Flights were instrumental to study
the composition of the atmosphere
in the zone of an active volcano
Hecla, in February 2000

In the execution of all the flight, the

@® crew did not reveal any
abnormalities in the testimony that
control the engines

Postflight control flow engine

.parts by means of endoscopy
revealed substantial damage to
the compressor blades and
turbine
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The eruption occurred on
Feb. 26, 2000

The crew of a DC-8 had a
flight plan, which excluded
the possibility of falling into
the epicenter of volcanic ash
clouds

Field of flight is approximately
200 miles north of the active
volcano
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Comparison of Flight Data

CASE #1

Date [TAT| ALT | MACH | Engine#| N1 |Oil Press| Fuel Flow | N2| EGT

1/27/00( -32 {34910 0.779 1 89.3 50 3160 92 [ 699
2 89.3 51 3020 92| 661
3 89.3 46 3100 92| 689
4 89.0 53 3050 92| 687

Ash Fly Through on February 28 2000

3/3/00 | -33 | 35000| 0.788 1 88.0 50 3330 90 ([ 670
2 88.0 52 3190 90 [ 637
3 88.0 47 3290 90 [ 661
4 88.0 55 3275 90 | 665
CASE #2

Date | TAT| ALT [ MACH | Engine#| N1 |Oil Press| Fuel Flow | N2| EGT

1/25/00 | -37 [ 35013 | 0.792 1 89.0 50 3208 92 | 688
2 89.0 52 3016 91 [ 646
3 89.0 46 3110 91| 679
4 89.0 54 3112 91| 680

Ash Fly Through on February 28 2000

3/11/00( -37 [ 34992 0.795 1 90.0 50 3300 91| 689
2 90.0 52 3000 91 [ 650
3 90.0 47 3090 91 [ 687
4 90.0 54 3200 91| 679

(Shaded cells indicate a lower
values)
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Analysis of Trends Flight Parameters
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Spectral Analysis of the Oll

Engine 692632

Engine 692630
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(c) Engine 692630.
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Damage to Rotor Blades of the Turbine

Blistered
thermal
coaling g

\

"Damage as
form bubble
on perforation

cooling
holes | <

Erosion input 1\
edge of Blades Wl caciing edge

._ Deposition of ash in the area of issue
cooling air
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The Cost of Restoring Engines

» Engines with the numbers 1, 2, and 3:
0.7 million USD for each

Engine number 4:
1.1 million USD

» The total cost of repair
3.2 million USD
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Photo Filters of Heat Exchanger DC-8 Aircraft

Figure 1a. 100pm 150X Figure 1b. 100pm 150X Figure 1c. 100pm 150X

Figure 1d. 10pm 2000X Figure le. 10pm 1500X Figure 1f. 10pm 1500X

a. New b. Used, a typical mud c. The filter after the passage of aircraft through the cloud of ash
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TURBINE DAMAGE
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Fipure 3. Durk, glassy deposits of remelted volcanic sshon lead-  TRAILING-EDGE SLOTS
ing edpe of stage-1 high-pressure-turbine (HPT) nozzle guide vane

NGV Figure 5. Sketich of deposits on stage-1 HPT nozzie puide vanes,

based on borescope inspection of engine |,

/

DEPOSITS REMOVES FROM VANE
— -

4

Figure 4. Leading-edge deposits dislodged during disassembly of
stage-1 high-pressure-turbine (HPT) nozzle guide vanes (NGV's).
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that was subiected 1o a duss
ssure surface.
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CIAM EXPERIENCE

CIAM has large experience in numerical and experimental studies of
helicopter and tank GTE’'s damageability during their operation on airfields
and testing grounds with sand an dust.

Methods for protection of GTE’'s against loess dust dust were implemented:

¢ Dust-protection devices
+ Special blade profiling
+ Cleaning and repair technology

Test conditions

» Dust content range between 0,05 g/m3 » Dust content up to 2,5 g/m3

and 0,20 g/m3
» Size of dust partlcles between 6 and 8

» Size of dust particles betwe‘ea 1 and 2 mkm - '_ Lt
mkm (S it m,«_ L

Certification tesfstief 50 to 300 hours of operatln___""'_'_g'}_.-
90% separation coefﬁment et

Pl . -
B h 1.0
W - #‘ r. CENTRAL INSTITUTE OF AVIATION MOTORS



Numerical and experimental investigations of GTE
damageability in dusty environment

CIAM is a leader in studies of GTE damageability in dusty
environment.

Methods for simulation of complicated Design solutions, inventions and know-
thermal gas-dynamic processes in GTE’s how reducing damages during engine
having air / gas flow rich with dust of operation in dusty environment
various origin |

» 3-D models » Experimental verification through model and
» Calculation of flight path for particles with full-scale tests of dust-protection devices

size up to 12 mkm
» Air intake channe

| opti

mization

T
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Test benches and devices for ingestion
and detection of various particles

Novel electro-static methods and Means and devices for ingestion of
means for measuring air flow particles water, ice and other fractions into

| concentration and composition _engine inlet
Bench studies of detection of particles ingested into » Simulation of atmospheric conditions leading to
engine air intake icing, through water ingestion into air flow

> Droplet speed, size and phase state control

T T
36 <l

Identification signal
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Diagnostics methods and means

Software for engine flow path health Tribological diagnostic means for
prediction based on parameters evaluation of foreign particles content
registered in flight in engine oil system

Tribological diagnostics lab

Flight data processing lab

Evaluation of engine performance degradation
caused by flow path wear
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Diagnostics methods and means

Strength tests of parts damaged by Methodology and devices for
external environment investigation of surface of damaged
| - compressor and turbine parts

Acceleration chamber for evaluation
of strength characteristics of
damaged rotor parts

Fractographic
research with
electronic microscope

BuBpogatumk Ne 4 BubpogaTumk Ne 1
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PROPOSALS FOR INVESTIGATION OF INFLUENCE OF VOLCANIC ASHES ON ENGINE
OPERATION PERFORMANCE AND SAFETY

Work goals:

Development of recommendations for maintenance of gas turbine engines operated in
atmospheric conditions with increased concentration of volcanic particles (VP).

Objectives:
» Experimental bench investigation of damageability of engines and their parts due to
influence of VD with various concentration.

» Development of hardware methods for controlling and diagnosing engine damages
resulting from VD influence.

» Development of hardware and software methods for assessment of residual life of
parts damaged by VD.

» Definition of standards for tolerable damages of parts and assemblies caused by VD.
» Development of technology for operational repair of VD-damaged engine parts (at
operating companies)

» Development of documents regulating operation of engines in atmosphere with
various VD concentration.

» Applicability study for onboard electro-static diagnostic means that would send
signals to the crew about intolerable concentration of volcanic dust in engine flow path.

CENTRAL INSTITUTE OF AVIATION MOTORS






Eyjafjallajokull plume from space
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Eyjafjallajokull plume from space

Source: www.nasa.gov



Eyjafjallajokull plume from space
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O6pamubie mpagkmopul Geumenus 8030YiLINbIX MACC, paccyumarnbie no modanu NOAA hysplit,
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PacnpocTtpaHeHue wnenda ot BysikaHa IMAPbATNANOKYASb MO
EBponeuckoun yactm Poccum 18-19 anpens 2010 r. cornacHo
pacdyetam no mogenu FLEXPART

Mixing ratio of species YO-TR at 500 m asl for age class a

Simuiation start 20100517. 90000 Actual time 20100418.150000
Mean value 0.117E+00

Maximum value 0.143E+03

Minimulm value 0.000E-||-ﬂﬂ

k|

0.00 200 400 6.00 800 10.00 1200 1400 1600 18.00 20.00
ug/m3



e — _.

a

.“m_
“_ bl

| -
| -
| I







NO2 concentration (108 mol

A4 oo OL — O
- < OO0 M OLO I

douugedeg

dodmsouoedy

DI L -HPBIfL

deseny

xogodegey

Momoogurnelurg

xodowuowrsag

BIHDAY

doxmAxdy

IfOLOIOY

42.5
32.5-
27.5-
22.5
17.5-

0
N~
(90)
3 ‘apmiY




and chemistry

K.B. Moiseenko!, N.A.Malik2, A.l. Skorokhod?

(1 A.M. Obukhov Institute of Atmospheric Physics RAS,
Atmospheric Composition Dinision.
(2) Institute of Volcanology and Seismology FEB RAS, Laboratory of active
volcanism and eruption dynamics.




northern Eurasia with application to the problems of air quality and
climate variability.
« Studies of the influence of natural and anthropogenic emissions on

atmospheric composition at various spatial and temporal scales — from
local up to inter-continental.

Applications

* Quantitative assessments of ecological burdens by climatically
significant sources of atmospheric emissions for various regions of
Russian Federation including remote areas of Siberia and Arctic.




d n/ ot = Advection + Turbulent diffusion + Dry and wet deposition +
Chemical processes + Microphysics + Volume emission sources
N — mass mixing ratio,

Initial conditions:
3D concentration fields for all species n.

Boundary conditions:
Fluxes of species on lower, upper, and lateral boundaries.

External (known) parameters:




* Hybryd Particle and Concentration Transport model (HYPACT) —
RAMS oriented hybrid (Eulerian- Lagrangian) transport model of
passive trasser with prescribed life-time.

 Comprehensive Air quality Model with extensions (CAMx) — RAMS
oriented transport model with bulk of atmospheric gas and aerosol
chemistry.




RAMS, the Regional Atmospheric Modeling System, is a highly versatile
numerical code developed by several groups over the years, including the
scientists at Colorado State University, the *ASTER division of Mission
Research Corporation, and ATMET. RAMS is used for simulating and
forecasting meteorological phenomena, and for depicting the results.

The atmospheric model is constructed around the full set of nhonhydrostatic,
compressible equations that atmospheric dynamics and thermodynamics,
supplemented with a large selection of parameterizations for turbulent
diffusion, solar and terrestrial radiation, moist processes including the
formation and interaction of clouds and precipitating liquid and ice
hydrometeors, kinematic effects of terrain, cumulus convection, and
sensible and latent heat exchange between the atmosphere and the
surface, which consists of multiple soil layers, vegetation, snow cover,
canopy air, and surface water.

Other features: Two-way interactive grid nesting, MPI parallelization.



The RAMS HYbrid Particle And Concentration Transport model
HYPACT is a code developed to simulate the motion of atmospheric
tracers with prescribed life time under the influence of atmospheric flow
including turbulence. The hybrid Lagrangian and Eulerian approach
used in HYPACT represents a tracer by Lagrangian particles near the
source region where concentration gradients are large and converts
particles to Eulerian concentrations where appropriate at large
distances downwind thus utilizing the advantages of both schemes.

HYPACT is often driven by wind and potential temperature fields
simulated in the RAMS atmospheric model, and is currently run as a
postprocessing step using a time series of datasets previously output
from the atmospheric model.

Other features: Particle Fall Model following to Wilson (2006) was
included to simulate tephra deposition.



The Comprehensive Air quality Model with extensions (CAMXx) is an
Eulerian photochemical dispersion model that allows for an integrated
“‘one-atmosphere” assessment of gaseous and particulate air pollution
(ozone, PM2.5, PM10, air toxics, mercury) over many scales ranging

from sub-urban to continental. It is designed to unify all of the technical
features required of “state-of-the-science” air quality models into a single
system that is computationally efficient, easy to use, and publicly
available.

CAMXx simulates the emission, dispersion, chemical reaction, and removal
of pollutants in the troposphere by solving the pollutant continuity equation
for each chemical species (I) on a system of nested three-dimensional
grids.



Meteorological data:

Reanalysis fields,
Atmospheric soundings

System for assimilation IAP RAS assimilation lEgussleilsiie
of meteodata system for emissions
ISAN EMIS3
\ 4 .
Limited-area Prognostic :
numerical model for meteorologlcal
weather forecast Iﬁg;iﬁbﬁ
RAMS
\ 4
RAMS - HYPACT || EMIS3-HYPACT || RAMS-CAMx || EMIS3 - CAMx Interfaces to

Transport model Transport - chemical
model CAMX
HYPACT
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Elevation: 2900 m a.s.l.
Eruption event 24 Dec 2006 21:20-22:10 local time.

Tephra plume up to 13 km (visual observations), 9 — 10 km (satellite data),
advected to North-East.

Ash is composed by andesites, the density of solid phase of pyroclastic
deposites varies from 2,46 — 2,76 g/sms.
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Observation data:;

» Tephra-fall deposites mass concentration for the particles < 56 um increases
along the direction of the wind above 3 km (from SW to NE);

» The deposited mass for the particles from 70 — 125 pm increases along wind
direction approximately below 1.5 — 2 km (from E, SE to W, NW).

* The maximal deposited mass for particles 56 — 70 um is to the N and N-E.

The spatial distribution of deposited mass strongly depends on wind speed and
direction variation in the layers of effective atmospheric transport.

Particle size distribution in eruption column is essentially inhomogeneous. The
particles with small size (< 50 um) can be transported by convective fluxes at
significantly higher altitudes compared to heavy particles (> 100 um).
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Conclusions:

The developed in IAP RAS emission model for various biogenic and
anthropogenic sources, along with RAMS/HYPACT/CAMx modeling system
can be used to predict tephra dispersion and fallout in a wide range of
atmospheric scales — local (1 — 20 km), regional (20 — 2000 km), and
transcontinental.

The modeling system can be operated in forecast mode to provide prognostic
fields of atmospheric and deposited concentrations of tephra for a period of 1
— 3 days, basing on forecast for large-scale meteorological fields.

Validity of the modeling system should be further tested with use of
observational data on tephra dispersion and fallout.

Comparison of the results of numerical simulations with field measurements
can provide useful complementary information on some parameters of
eruptions (amounts of tephra emitted, eruptive column elevation, tephra
particles size distribution, and so on).
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Tephrastratigraphy of Kuril Islands:

Evaluation of Holocene eruptive activity of
Kuril arc
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Central Kuril island from Ushishir
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Correlation of tephra layers:
stratigraphy + petrography and petrology
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Marker tephra layers during Holocene
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Marker tephra layers during Holocene
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Marker tephras in Holocene
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Eruptive activity of Kuril islands during Holocene
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Eruptive activity from Hokkaldo to Kamchatka during Holocene

10.0~7.0ka : Frequent caldera-forming eruptions
4.0~1.0ka : Frequent large plinian eruptions

Caldera forming eruption (diameter < 2km)

Plinian eruption
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Evaluation of eruptive activity of Kuril islands
during Holocene

Two periods in which large eruptions repeated
10-7kaand 4 -1 ka

Sarych-ev volcano, Matua is. (Aug. 2008)




Detection of volcanic ash caused by Icelandic
Eyjafjallajokull volcano eruption on 14 April
2010 using dispersion model and lidar
observations

V, Khattatov !, A. Lukyanov 1, A. Ganshin 1, V. Yushkov 1,
l. Veselovskii 2

1 Central Aerological Observatory (CAO), Dolgoprudny, Russia
2 Physics Instrumentation Center of General Physics Institute,

Troitsk, Moscow region, Russia

8-9 July, ISTC, Moscow



Lidar applications

Multi-wavelenght aerosol lidar is designed to observe parameters of
stratospheric and tropospheric aerosol.

Lidar provides the vertical distribution of following aerosol
parameters:

- backscatter coefficient at wavelenght 355, 532, 1064 nm;
- depolarization coefficient;

- mean and effective radius;

- number, surface and volume densities.
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Height, [m]

Evolution of volcanic ash cloud based on lidar sounding, April 19, 2010
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Lidar sounding in Swizerland April, 17, 2010
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Aircraft observations in UK 19-21 of April
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Balloon backscatter sonde observations
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FLEXPART

Lagrangian particle dispersion model
(http://zardoz.nilu.no/~andreas/flextra+flexpart.htmi)

Input data:

Emission coordinates:

Emission height:
Emission start:
Model run duration:
Ash flux:
Composition

Mean diameter
Reanalysis data

Output data:
Mean mass concentration (mg/m3) in column from 0 to 10km

63.63°N, 19.62°W
1-85kKkm

14 April 2010, 06 UTC
6 days

2000 kg/s

density 2.33 r/cm3

1 mkm

NCEP



Volcanic ash cloud evolution obtained by using FLEXPART dispersion model

15.04.06
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Volcanic ash cloud evolution obtained by using FLEXPART dispersion model
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Observations (top) and modeling (bottom) of ash cloud evolution over Troitsk on 19 April

Attenuated backscatter
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Summary

Model results and observations confirmed the presence of the
volcanic ash near Moscow at the heights 5-7 km similar to other
European regions.

FLEXPART model has been successfully validated realistically
reconstructing the lidar observations over Troitsk, Moscow region.

Dispersion models based on forecast data can be used for planning
of lidar and in situ observations.

Such a coupling of models and observations can provide the useful
information for air traffic regulations.



Lidar observations near Troitsk, Moscow region

Lidar characteristics

Height range
1 Km—12 Kkm

* Height resolution

. 7.5m
e Observation time
1 min
 Telescope aperture
300 mm
 Telescope field of view
0.25-0.5 mrad

« Width of the transition spectrum
0.3-0.5nm



Lidar sounding in UK April, 16, 2010
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Aircraft observations of aerosol microstructure over
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Active volcanoes of the world
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Height of ash plumes
up to 30-40 km ASL
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Cleveland Volcano
February 19, 2001
GOES image animation
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Because ash clouds can cross FIRSs...

Klyuchevskoy, 1994

Dave Schneider, AVO Dave Schneider, AVO

...eruptions in the North Pacific require
=~ USGS an international response




> Small rock & mineral fragments = =
not soft powdery ash as from a wood
fire.

» Ash particles are very hard, sharp,
angular, abrasive.

» Melting temperature of glass is lower
than the operating temperatures of
modern engines.



Ash plumes and ashialls e Aviation

Camonet DC-10 Ha aBnaba3e BMC Kbroou-louHT,
dOUNUNNUHLI.

FleBbix -2, Sl

npaBsbiX - 3 0KHA; .~
. uapamnuebiHa 0 (L Ts : ; - e ST
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CurHaneHsie orHu e

Tpybka BO3AYWHOIO

AaBneHus BHYTpeHHss YacTb TYpDUHLI




Acute Aircraft Damage

»Abrasion of forward-facing surfaces.

»Ash infiltration into ventilation, pitot-static, and other
flight instrument systems.

»Erosion of moving parts (compressor, turbine blades).

» Melting of ingested ash & accumulation of re-
solidified material.. Principle cause of engine failure!!

»Blockage of fuel nozzles & cooling passages.
»Contamination & overheating of electronics.

»Contamination of hydraulic system.



Tpynna KVERT

Voleanic Eruption Respeonse Te

OBHbI

(0] HavyeHus:

= BYINKaHbl C UCTOPUYECKN

[OKYMEHTUPOBaHHLIMW U3BEPKEHY
(nata nocnegHen apynTUBHOW aKT

- ByJIKaHbl B CTaauun thymapornbHom
He n3sepraslinecs B ICTOPUYECKO
An 198
a.“A( 1 = NOTEHUWanbHO aKkTUBHbIE BYNKaHb
nasepraglumnecs B nocnegHue 3501

Ko (2009) [naTvpoBKa nocneaHero ussepxer

auku (2008)
ca (1854)

KVERT: ACTIVE VOLCANOES OF KAMCHATKA AND NORTHERN KURILES

Back | Main | IVS FEB RAS | KSC FEB RAS Russian
He Name C..l\I#:IFCEL!; " Location Last Eruption Elevation
Google Earth
KAMCHATKA

» SECTION North:

1 Sheveluch 1000-27 5B739'N, 161°21E 2010 3283 m
2 Klyucheyskoy 1000-26 56903, 160°39'E 2009-2010 4750 m
3 Ushkovsky 1000-261 604N, 1B0°29'E 1850 35943 m
4 Bezymianny 1000-25 55°58'M, 160°36'E 2010 2882 m
5 Plosky Tolbachik 1000-24 5549, 1B0°24'E 1975 3085 m
B lchinsky 1000-25 8540, 157 *43'E ~ 300-400 BEFP 3621 m
¥ SECTION Center:

7 Kizimen 1000-23 55908, 160*9'E 1927-1928 2485 m
8 Wysoky 55703, 160°45'E 2000 BP 2153 m
9  Gamchen 1000-21 5B, 1B042'E Unknown 2576 m
10 Komaroy 1000-22 25°04N, 160°00'E Unknown 2070 m
11 Kronotsky 1000-20 54°45', 160°30°E 1922-1923 3528 m
12 Krasheninnikoy 100019 54735, 160*1E'E 400 BP 1856 m
13 Kikhpinych 1000-18 54729, 160°14'E ~ GO0 BF 1552 m
14 Taunshits 1000-16 54732, 160°48'E 2400 BP 2353 m
15 Maly Sermyachik 1000-14 54908, 159°40'E 1804 1,560 m
16 Karymsky 1000-13 54903, 15927 E 2010 1486 m
17 Zhupanovsky 1000-12 53°35'M, 159°05'E 1956-1957 2558 m
18 Koryaksky 1000-09 53719, 168°43'E 2003-2009 3456 m
19 Avachinzsky 100010 83°15M, 158°51'E 1591 2781 m
¥ SECTION South:

20 Opala 1000-08 52732, 157 20°E ~ 300 BF 2475 m
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Puff 1975 — 2006 Ash Cloud predictions
Airborne Ash color-coded by altitude

212 discrete events from July 1975 — August 2006, by P. W. Webley

Composite image shows location of volcanic ash clouds +12 hrs after the start of each
event




-

October 15, 2007, 14:19.UTC _
AVHRR Image, AVO, L" '

Bezymianny
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The Kamchatkan Volcanic Eruption
Response Team (KVERT) is a collaborative
project of scientists from the Institute of
Volcanology and Seismology, the
Kamchatka Branch of Geophysical Surveys,
and the Alaska Volcano Observatory (IVS,
KB GS and AVO).

The purpose of KVERT is to reduce the
risk of costly, damaging, and possibly
deadly encounters of aircraft with
volcanic ash clouds. To reduce this
risk KVERT collects all possible
volcanic information and issues
eruption alerts to aviation and other
emergency officials.




Alaska Volcano Tokvo Yelizovo Airport
Observatory VAAYC Meteorological Center
different data different data visual data from meteo—stations

and pilots

SVERT State Enterprise

Sakhalin Rosgeolfond,
Sakhalin

different data Satellite data

Kamchatkan Branch, Institute of Volcanology
Geophysical Service RAS and Seismology FED RAS

Seismic, visual, Visual, video, satellite,
video, satellite data historical, petrophysical data
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KVERT receives seismic
monitoring data from

KB GS (the Laboratory
for Seismic and Volcanic

Activity). TR
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KB GS maintains
telemetered seismic
stations to investigate 10 of

the most active volcanoes
In Kamchatka.
Data are received around
the clock and analysts
evaluate data each day for
every volcano to determine
the number and type of
seismic events at these
monitored volcanoes.



KVERT obtains visual volcanic information from web-cameras that
monitor Klyuchevskoy (established in 2000, 2009), Sheveluch (2002,
2008), Bezymianny (2003), Koryaksky (2009) and Avachinsky (2009)
volcanoes

Bezymianny

SVd SO dX wolH

Klyuchevskoy :
e SheValier

Sheveluch, 2008
Klyuchevskoy

Koryaksky

From IVS FED RAS




Volcanic activity:
Visual observation

December 21

Photos by A. Manevich

December 22

3:50:44
Photo by Yu. Demyanchuk
Sheveluch volcano, 2001

Bezymianny volcano



KVERT obtains visual volcanic information Jo N
from volcanologist’s field trips IVS and pilots.




MODIS

KVE RT 2006 December 24, 10:30 UTC
B

NASA, USA

Y "_‘-;;Q.-@.-x ;

Satellite data are provided from
several sources to KVERT. .
AVO conducts satellite analysis of R
the Kuriles, Kamchatka, and Alaska
as part of it daily monitoring and
send the interpretation to KVERT
staff. KVERT conducts satellite
analysis of the Kamchatka and
Northern Kuriles as part of it daily
monitoring and send the
Interpretation to the KVERT
database. KVERT interprets MODIS
and MTSAT images and processes
AVHRR data to look for evidence of
volcanic ash and thermal

anomalies. TERRA MODIS,
Rosgecﬂ,{; nd, Rus




Thermal anomalies at
Kamchatkan volcanoes

Sheveluch : 2006-2008

(degree, C)

size (pixel) and temperature {degree, C) of
anomaly and temperature of background

background temperature (degree, C) » temperature of anomaly (degree, C)
+ size of anomaly (pixel)

Bezymianny 2006-2008

2007 2007
2006 006 B 00 2008

temperature of background (degree, c
» temperature of the anomaly (degree, C
+ size of the anomalv (pixelh




Ash plumes




Ash plumes

from
Bezymianny
and
Klyuchevskoy
volcanoes

VNlR May 12, b al " e Thanks to M. Ramsey

)7, 00:38 UTC

a



University of Alaska Fairbanks - GI / GINA

The total mass was around
12 KT of ash inthe 1 - 10

Ash plume 4@ @ wuids micron range.
of Bezymianny iLitgs |
eruption
on May 34
2010.

Mean particle size was
8 microns.

' 15% of ash cloud was for

| particles 6 - 8 microns
21% of ash cloud was for
particles 8 - 10 microns
20% of ash cloud was for

' particles 10 - 12 microns

Thanks to the data
by Peter Webley,
Assistant Professor
_ e N Geophysical Institute
Ash particles University of Alaska Fairbanks

Size and mass g U8

iy




SO, in aerosol plumes of Klyuchevskoy eruption (OMI data)

Aura/OMI - 06/22/2007 00:04-04:16 UT
Mass: 5.762 kt; Area: 146825 km?®; S50, max:9.36 DU at lon: 159.39 lat: 56.03 ; 02:36UTC
150 155 160 165

Aura/OMl — 07 ,/01/2007 02:28—02:31 UT — Orbit 15739
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OMI images on June 22 and July 01, 2007.

There was about 100 kt SO, for the eruption of Klyuchevskoy in 2007.
(15.05.- 24.06.2007.)



Height of USGS Volcano
ash plume Science Center
Radar

. Redoubt: 82 km
 Vent: ~2.4 km
o e

o C-Band Doppler

« 5.36 cm wavelength

o 300 watts peak power

* Horizontal polarization

e 2.4 mdish

o 1.6 degree beam width
e Maximum range 240 km

 Rapid RHI and PPI sector scans 25
Transmit Power: 300 W 204N
Range: 100 km €
= 15 -
Range Gate: 250 m o
Pulse Length: 1.6 ps E 10d >~ >0
PRF: 1000 Hz =
5 -
Thanks to the data by David . A
Schneider, U.S. Geological Survey, 100 80 60 40 20 0
Alaska Volcano Observatory, USA Range (km)




Eruption of Redoubt volcano 23.03.2009.
T

R
o

Rapid decrease
in radar cloud
height due to
accretionary
lapilli formation

12:36 12:43 12:50 12:57
Time (23 March 09 UTC)




Bezymianny volcano,
eruption on January 11, 2005.

Data by KB GS RAS

Seismologists of KB GS
RAS determine height of
volcanic ash plumes using
a function of seismic
sighal envelope with time.
An error of this method is
about 25% for ash plumes
up to 8 km ASL.

Sheveluch volcano
May 10, 2004

Height of
ash plume

Photo by Yu.Demyanchuk
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Hypothetical eruption of Bezymianny 06.06. 2003

. = Q
203 08 08 D800

IH03°06 08 18s £ IHG3° 08 -07 D000

. e -~ 3403 06 07, 08100 ° . : 2003 0607 12100

Prognosis Prognosis




Prognosis

23:33 UTC 00:32 UTC 01:32 UTC

The movement of ash clouds of Bezymianny

on August 6 -7, 2001 (from AVO-satellite data) PUFEFE animation. AVO

At 15:02 UTC on August 06 an ash plume from Bezymianny
was observed in a satellite image from AVO US. The plume
was centered off the eastern coast of Kamchatka about 200
km south of Kronotsky.



> 1500 ash plumes from
Kamchatkan and Northern
Kuriles volcanoes were noted
by scientists of KVERT
Project in 2005-2008.

Klyuchevskoy: for example, 2007:
ash plumes rose up to 10-12 km
ASL and extended > 5500 km to
the different directions from the vol.
Sheveluch: for example, ash
column rose up to 15 km ASL on
29.03.07; ash plumes ~ 800 km.
Bezymianny: for example, May, 9
and December, 24, 2006: eruptive
columns rose up to 13-15 km ASL,
ash plumes > 1,300 km.

Karymsky: for example, May 13-14,
2006: ash columns rose up to 8 km
ASL, ash plumes ~ 300 km.
Koryaksky: ash plumes rose ~ 5.5
km ASL and extended > 650 km.
Mutnovsky: on April 16-17, 2007,
ash plumes ~ 50 km.

Chikurachki: ash plumes rose up to
6 km ASL and extended > 260 km.



KVERT analyzes volcano monitoring
data (seismic, satellite, visual and
video, and pilot reports), assigns
a Aviation Color Code for aviation
and issues reports on eruptive
activity and unrest at Kamchatkan
(since 1993) and Northern Kurile
(since 2003) Volcanoes.

KVERT

Aviation Color Codes Klyuchevskoy 12.02.2010. © Yu. Demyanchuk
COLOR The state of the Yolcano
GREEN “Wolcano (s in typical background, naneruptive state or, after a chanae from a higher level, volcanic activity has
ceased and volcano has returned to noneruptive background state.
“oloano is exhibiting signs of elevated unrest above known background level or, after a change from a higher
Y ELLCHY level wvalcanic activity has decreased significantly but continues to be closely monitored for possible renewed
increase,

Wolcano is exhibiting helghtened or escalating unrest with increased potential of erdption, timeframe
ORANGE uncertain, OR eruption is Underway with no or minor volcanic-ash emissions [ash-plume height specified, if
possible]

Etdption is imminent with significant ermission of volcanic ash into the atmosphere likely OR erdption is
FED Underway or suspected with significant emission of wolcanic ash into the atmosphere [ash-plurme height
specified, if possible],




Information about volcanic unrest
based on seismic data from KB
GS; satellite information from AVO
and KVERT; or visual data from a
variety of sources is shared by
email among IVS, AVO and KB GS
to facilitate evaluation of possible g 1 50 U
activity. Koryaksky, 18.03.09. © V. lvanov

After confirmation, urgent information is sent by email to
government agencies, aviation services, and scientists (>300 users)
located throughout the North Pacific region.

Klyuchevskoy




KVERT-Project: Operational Information more 6 km ASL

*Voltario |Shevaluch =]

* Aviation Color Code [Orangs =)

Location |56°39'N, 161°21'E =]

Elevation of vent | 2500 m/s202 =]

Helght of ash plume (km) ASL &nd how determined: |
" Distance from e volcano (k). [ kmt

= Diraction of ash plume or ash cloud driftfrom the volcano [Noth  »]

l{m] unknown

* Time and method of obsarvation (time farmat. HHMM). |

r‘v'lsunl data

Starttime of explosion (time format HH:MM) and tiow determinad. | I urc| A =¥

unknown =,

* Duration of aruption (or indicate enuption s contimuing) [ ster eruption =l

Appendix

*Operator | Olga A Girina _Vl

“Submifl

= MyHKTel O6R3ETENMLHE & ANA 3anon{eHis|

History of operational releases

unknown i

Visual
Seismic
Satellite

[ urelapa TSl =l[z010 5]

=t =l

- Visual data

Seismic data
MNOAA 19 (4m5E)

MNOAA TG (4m5)

MOAA 17 (4m5)

MOAA 16 (4mb)

MNOJAA 15 (dmE)
TERRAMODIS (31r32)
TERRA AQUA (31m32)
MTSAT
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KVERT

KVERT staff work closely with staff of 26

AVO, AMC (Airport Meteorological
Center) at Yelizovo Airport and the Tokyo
Volcanic Ash Advisory Center (VAAC),
the Anchorage VAAC, and the
Washington VAAC to release timely
eruption warnings.

0T: vaac@eqwol. kishou.go.jp
Kory:
Tema: Tokyo WAAT { KLIUCHENSKOI 2010/16 )

FYFEOL RITD 030403
(ST
VA ADVISORY

DTG: 2010040570403 2

VALAC: TOKYO

VOLCANG: ELIUCHEVSKEOI 1000-26

PSN: MN5603E16035

AREL: RUSSIL

SUMMIT ELEV: 4535H

ADVISORY NE: 2010/16

INFO SOURCE: MTSAT-1R EVERT

IVILTION COLOUR CODE: NIL

ERUPTION DETAILS: VA AT 20100408/0116Z FL190 EXTD NW WAS REPORTED.
OFBS VA DTG: 08/02592

OFS VA CLD: VA NOT IDENTIFIAELE FROM SATELLITE DATA. WINDS AEV THE VO
LCANO AT 08/0110Z FL10O 160/12ZKT FL190 210/Z8KT FROM JML NUP MODEL.
FOST VA CLD +6HR: NIL

FCST VA CLD +12HR: NIL

FCST Vi CLD +18HR: NIL 2010.04.08.
EME: NIL

NXT ADVISORY: NO FURTHER ADVISORIES=

Kawuameran eyakanocmanyus HBuC [JBO PAH-

© Yu. Demyanchuk



Daily updates from KVERT Project

Volcanoes Seismicity Visual data dS:ttZ”
Above background levels.
~47 seismic events into the edifice of the volcano.
00:58 and 00:56 - shallow events indicating possible
Sheveluch ash-gas explosions ~ 4100m; 4400m and 4800m ASL 03:00 obscured . No
accordingly (or) avalanches, then height of ash cloud 23:00 obscured . data.
was less than 4100m; 4400m and 4800m.
Possible weak ash-gas explosions and avalanches.
02:48 — 05:33 no data.
Above background levels. )
~368 seismic events into the edifice of the volcano. LEROD T No
Klyuchevskoy . . : . steam plume.
Intermittent spasmodic volcanic tremor up to 7.22*10- 23-00 obscured data.
6mps. 02:48 — 05:33 no data. ‘ '
Bezvmiann Strong volcanic seismicity at Klyuchevskoy volcano 06:00 obscured . No
y y obscures seismic data for Bezymianny . 22:00 obscured. data.
Plosky L 06:00 obscured . No
Tolbachik N EEEERS SEIET 22:00 obscured. data.
. Above background levels. No
*
Kizimen *) 8 EQs — 1.6<M<2.75 No data. data.
Above background levels. No
RETIEL Possible weak ash-gas explosions. paldus data.
Koryaksky At background levels. 261388 gg:gﬁ:gg zl:ta
Avachinsky No detectable seismicity. 2(1338 ggzgﬂﬁg Q:ta
06:00 obscured. No
Sy N ez, 21:00 q uiet. data.
Mutnovsky No detectable seismicity. (2)(1588 gtﬁgu{]red. 'c;l:ta

OPERATIONAL REPORT
ON THE KAMCHATKAN
VOLCANOES ACTIVITY
ON TELEMETRIC DATA
KB GS RAS
April 14, 2010, GMT.
Archives of daily updates
and satellite images:
http://emsd.iks.ru/~ssl/Vol

canoes
Video of 5 volcanoes on
line: http://www.emsd.ru /




b Tekyu,an aKkTMEHOCTh BYNKAHOB

AKTHEBHBIE BYNKAHbI
B Google Earth

IV FEB RAS | ¥CS5 FEB RAS

amchatka Volcanic Eruption Response Team

¥ Web-camera: Koryaksky volcang

Due 1o the karge increase in a-trafiic dunng the last ten years, arplanes are now at a getter nsk of encountenng 3 e anic ash cloud For
gxampla, in 1992 a British aulna Boeing-747 wasg fying at a height of 12 200m

Thie aircra® had departed Kusla-Lumpur, Malaysia and was en-roule 1o Perh, Australia when unexpectedipg
began to lose alttude due to sudden engine fafure. The pilats were sble to re-establish power to one of o

but were anly able lo maintain an aldude of 4620 m. In addition, two other planes were forcegaig
Jakaria, Indonezia, These incidents were due to the effect of ash erupled from Galun-ggung 0
path of infemational arroutes, which conngc) Asia and Australia

Thiae woeks later, a Singaporean askne Boong-747 antersd & volcanic ash cloud pract
a5 the earher Botish aircra®. The plane was forced to land because of failure of twieohf!

COn December 15, 1989 a Baeing-747 flying fig
staned to descend from the cruising alti :

Brdam with 231 passengers and 13 crewmen on board
to land in Anchorage, Alaska, LISA The plane was at &
haght of 75000 m, and was fying & dis FA0 km framn Redoubl volcana, when suddenly il entered an ash
cloud frorm a volcanic ensplion 3l fowr engnes died. After might minutes, and with only 2000 m to
land, the pdots finally were ahl‘h he angines. Afler the aicraft landed, over 60 kg of volcanic ash was
remaved fiom each twhine-offiégd L1 four engines, as well as the navigation systermn, and electic ysiem had
1o be completely replacs pfogs to the airline due to this incident was over BD million dollars

Crvar two-thards ul’ Mol volcanoes are i the Mohern hemisphers with most of the volcame eruphions
oecumng m the Aaghertegion Therelore, the valcanaes of the Pacific region poge & senous thresl to the igh
valume of si-traffic fiying ovedhaszd, In afona, with in the past 40 years, there hawve been four senous incidems where planes have
encountered ash clouds Three of wi & occumed dunng the last 15 years There are several tens of such incidents that have occurred
wirldwide

safely dunng a valcanic enption with ash falls has receved much attentian all
15 studied by specialists in the Colombea, France, Gereat Brdain, Indonaszia, Raly,
meg, USA, s well as other countnes, including Russia In Russia, the Kamchatka
v mlcinues ming of which have enpted dunng the last 10 years. There is a very high
witic and intarnatonal aieirafie o the valeanically actie Kamehatka oansaola

The problem af manai
owar the world. This
Japan, MHlI:l:I

Bynkad KnmodYeeckoR

Bynkan lWneenyy

W= BugeonabnioAeHWA 3a BYNKAHaMW B PEanbHOM Bf

BynkaH BeseiMAHHBIF

ByrkaH KopakcknA

nepeeozok, ece Bonee
nenna.
SHCKOR 3EMaKOMIAHMK,
| BHEZAMHD NpOMz0LLIEn
aTk, W MWL Ha BEICOTE
M CAMONET COBEpLUMN
nenen, eelfpOWwWeHHEIR B
MAYHIYHT, PACONOMEHHOrD pPAGOM C

re ¢ "Bounrom-747" CuHranypckoid aewa
nocafky B PERyNETATE BRIXOOE M2 CT

Ma C 237 mAccamupom W13 YneHamu 3l
ikopuox (CLUA) Ha ewicoTe 7500 M, B
uY MEERMMEHMA 3TOMD BYNKAHA, B DIyl
IMHYT MUNOTaM BCE MEe yOAnock Wy 2am
BOOA TYpAWHEl camoneta beno waened
ABMTALMOHHEIE W 3NEKTRMYECKHE CHCTEME
1 CoCTaemny okono 50 M-, Donnapoe.
{BAHCKOM PETWOHE, NPWYEM HanBonbwan
ACnonoeHo 23 DeACTEVHILLME BYNEAHL
1egHue 40 net mpouzowno 4 cepeeIHE
unu za nochefHue 15 net. Boero Takux
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KVERT staff also
notify AMC and other
emergency agencies
In Kamchatka

by telephone.
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KVERT INFORMATION RELEASES

Back | IVS FEBR RAS | KCS FEB RAS

Last modification: 09.04,2010 11:3&

Scientists of KYERT Project return to the full KVERT operations (the information ensuring of air services for the results of daily analysis and
evaluation of activity of Kamchatka and Northern Kuriles volcanoes) and will discharge these obligations for 01 Feh}\ary -30 April 2010

KVERT Information Releases S O S A &
Thursday, April 08, 2010, 22:40 UTC (Friday, April 09, 10:40 KST) )

are formal written notifications &

KAMCHATHKA: 6@'

t h at ar e S e n t by e m al I to t h eS e gggﬁ:}y"c"ﬂ‘;:nwucnwsmv and KARYMSKY: ORANGE

TOLBACHIK PLOSKY, KORYAKSKY, AVACHINSKY, GORELY, MUTNOVSKY and KIZIMB@&EN

same users to announce Aviation e o e Q&

3
KLYUCHEVSKOY YOLCANO; 567 03°N, 160° 39°E; Elevation 4,750 m “
Color Code changes and )

Explosive-effusive eruption of the volcano continuas. Ash explosion&

Si gn ificant chan ges In activi ty. SR A

Seismicity of the volcano was above background levels all
6.3 krn (20,700 ft) ASL on April 07, Strombalian acti\mé) e volcano continues. A height of bursts was about 200 rm above the crater on April 07-08. An
1

I h eS e S t at e m e n tS ar e O S t ed O n effusion of lava flows on the volcanic flanks continues. Gipahy and moderate gas-steam activity of the volcano was nating all week. According ta satellite
data, & big thermal anomaly was registering ov lcano all week. Narrow ash plume extending about 55-60 krm (34-37 mi) to the north-east from the

QL
volcano was registered on April 05 Gas-stea)gN{'ﬂes extending about 30-180 km (18-110 mi) to the north noth-east mainly from the volcano were noted

the KVERT and the AVO web site. wivemvmmmemg®

SHEVELUCH VOLCAHNO: 55°3& °19°E; Elevation 3,283 m, the dome elevation ~2,500 m
NGE

i (=23 000 f)ASL could occur at any time. The activity of the voleano could

According to visual data, gas-steam plumes containing small armount of ash rose up to

. html

AVIATION COLOR CODE IS [

.
Explosive-gxtrusive eruQ‘}che volcano continues. Ash explosions = 10 km (=32 800 ff) ASL could occur &t any time. The activity of the volcano

Every year KVERT issued from 44 =i

Seismicity was above background levels all week. According to seismic data, possibly ash plumes rose up to 7.5 km (21,300 f) ASL on April 05 and 08,

. . According to visual data, ash plumes from hot avalanches rose up to 6.1 km (20,010 f) ASL on April 05 and 08, Strong fumarolic activity of the dome was
t I | | 7 6 KV E RT I n fo r I I I at I O n R e | eas eS noting all week, According to satellite data, a big thermal anomaly was registering over the lava dome all week. Ash plume extending about 100 km (B2
" i) to the south-sast frorm the dome was noted on April 05
hittp: e ke scnet. rufivedkvet/current/shw/indes. html



Alaska Volcano
Observatory
Tokyo VAAC Aviation authorities
of the Pacific region Yelizovo Airport
Meteorological Center
Washington VAAC )

State Unitary Enterprise Anchorage Center
Anchorage VAAC y ENLErpris Weather Unit
Kamchataeronavigatziya

Smithsonian Russian Ministry
Institution USA of Emergency
Kamchatkan Branch, Institute of Volcanology
Geophysical Surveys RAS KVE RT and Seismology FED RAS

: . e . _ State Enterprise
Air Force Eruptlon notification; Rosgeolfond,

Military daily (Russian and Enaqlish -
Weather office y ( g )’ Sakhalin

weekly volcano summaries
of USA y SVERT Sakhalin




Federal Unitary Enterprise State Unitary Enterprise
“State ATM Corporation of Russia” “Kamchataeronavigatsia’

Tokyo VAAC Aviation authorities Yelizovo Airport

_ el : v o
Washington VAAC of the Pacific region eteorological Center

Anchorage Center
Anchorage VAAC  Ajaska Volcano Weathger Unit

: : Observatory
Smithsonian

Institution USA Russia
Gydrometeorological

SVERT Sakhalin Service
' KVERT

Kamchatkan Branch, Institute of Volcanology
Geophysical Survey RAS and Seismology FED RAS

Kamchatkan Center of Russia Ministry

Connection and Monitoring of Emergency State Enterprise

Rosgeolfond, Sakhalin
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KVERT-Predict. According to satellite data by
AVO and KVERT staff, a temperature of the
thermal anomaly over the lava dome of
Bezymianny volcano began increasing from May
19, 2010 (from -1 (9:49 UTC) to +18 (15:52
UTC) degrees of C).

And this stand for a preparation of new strong
explosive eruption of Bezymianny volcano.

Possibly this explosive eruption of
Bezymianny volcano can occurs during May 21 -
May 30 or May 21 - June 10.

The eruption start: at 12:30 UTC on May 31, 2010.

f

07.1985
© A. Malyshev

-

NOAA-19 10.02.08.
0436 UTC

25.12.2002 0121 UTC
” MODIS, Dalinformgeocente




An example of integrated use of
seismic data, video, visual and
satellite observations, as well as
the results of their interpretation
IS a prognosis and control of

SRR B ezym lann y erup tion
The eruption of Bezymianny volcano.on May -
09,:2006, © Yu_Demyanchuk. In May 09, 2006.

The eruption had been predicted by scientists KB GS RAS on the
seismic data over two days before the event, and Aviation Color
Code (ACC) has been changed from to on May 07.

Experience of studying of Bezymianny volcano allowed
volcanologists IVS FED predict the culmination of this eruption, two
hours before the start: ACC has been changed from to Red
at 06:35 UTC on May 09, and the volcanic eruption began at 08:21
UTC on May 09. Ash cloud rose up to 15 km ASL and ash plume
extended > 400 km to the east from the volcano.



Early Warning is Essential to
Reducing the Risk

» Rapid notification that an eruption has
occurred is possible if volcano monitoring
networks are in place.

» Monitoring requires people, instrumentation,
communication, stable funding.

» Geologic studies, professionalism,
and coordination with interagency L
partners are keys to minimizing
risk.
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Standardisation of Volcano Early Warning and Alert Systems:
Lessons from the U.S Geological Survey and the 2010 Eyjafjallajokull ash
crisis in the UK

- Photo: Marco Fulle, 16 April 2010
Carina Fearnley? P

Bill McGuirel, Gail Davies?, John Twigg? AON BENFIELD UCL
1Aon Benfield UCL Hazard Research Centre, UCL London, UK Hazard
2Dept. of Geography, UCL, London, UK CONOM ;I::::;ILMENT Research
3 Dept. of Civil, Environmental and Geomatic Engineering, UCL RESEARCH COUNCIL Ceﬂtre
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Photo by Carina Fearnley

1. THE ROLE OF VOLCANO

EARLY WARNING SYSTEMS

(VEWS) Hazard
S



What Is an Early Warning System (EWS)?

The role of an EWS is to:
1. detect impeding disaster
2. provide that warning to people at risk
3. enable those in danger to make decisions and take action

There is no clear definition but the UN define it as:

‘the provision of timely and effective information, through identifying institutions, that allow
individuals exposed to a hazard to take action to avoid or reduce their risk and prepare
for effective response’ (UN ISDR 2003)

This requires: In practice this is highly complex due to
= Selection of indicators variations:

= Monitoring of indicators =Spatially

= Forecasting *In Time

= |ssuing and communicating a warning "In Function

= Receiving the warning =In Hazard

= Acting on the warning



Where do EWS fit within disaster management?

Disasters take place in a cyclical
process that has four key stages:

Early Warning Systems Place in
Disaster Management:

Preparedness: Building capabilities before a
disaster to facilitate an effective response

Response: Actions taken immediately prior,
during and after a disaster to save lives

The UN Hyogo Agreement est. in 2005 has

five key priorities for actions, one of
which is to:

ldentify , assess and monitor disaster
risks and enhance early warning

It is a key component of the UN’s
strategy of Disaster Risk Reduction
(DRR) to achieve sustainable
development and livelihoods



Conflicting viewpoints

EWS operate in different:

= contexts: economic, political and social

= use different communicative tools

» [ink different specialities and organisations

This leads to:

= Different perspectives of what an EWS is and should do

» Changing societal demands and expectations of EWS over time

» Hazard characteristics can also change over time

» What indicators can be used to suggest that a warning is warranted / effective?

As a result EWS involves compromises:
= Cost: What is the cost-benefit of an EWS?

» Timeliness: What constitutes a warning? Are they a forecast, projection or trend? How
early is early? Are there different levels of warning?

» Reliability: Should there be accountability for EWS? If so who? What happens with false
warnings?



1. The UN’s people centred model (2006)

RISK KNOWLEDGE MONITORING & WARNING SERVICE

Systematically collect data and Develop hazard monitering and
undertake risk assessmaents early warning services

DISSEMINATION & COMMUNICATION RESPONSE CAPABILITY

Communicate risk information Build national and community
and early warnings response capabilities




2. Miletl and Sorenson’s model (1990)

ENVIRONMENT environmental cues
Matural ‘
Technological
Civil MANAGEMENT SUBSYSTEM

Interpretation

. Decision making
Method of waming
L. Content of warning
monitenng interpretation Channel of warning
Muonitoring  response

informing

Y
DETECTION SUBSYSTEM
response WARNING

Monitoring monitoring
Detection
Data assessment _—
Data analysis
Prediction
Informing

RESONSE SUBSYSTEM

informing Interpretation
= Conlirmation f———
Response

Informal warning




Volcano Early Warning Systems (VEWS) and
Volcano Alert Level Systems (VALS)

= VEWS are used in volcanically active countries to manage the many and complex hazards
of volcanoes including fall and flow processes

= VALS are a key component of a VEWS, used to communicate warning information from
scientists to civil agencies to manage volcanic hazards.

= Typically within a VALS scientists assess the state of the volcano, anticipate future
behaviour and decide the alert level. The USGS defines a VALS as:

A series of levels that correspond generally to increasing levels of volcanic activity.

As a volcano becomes increasingly active or as our monitoring data suggest that a given level of
unrest is likely to lead to a significant eruption, we declare a corresponding higher alert level.

This alert level ranking thus offers the public and civil authorities a framework they can use to
gauge and coordinate their response to a developing volcano emergency (USGS 2008).

= VALS for ground hazards tend to nationally standardised (e.g. New Zealand, USA, Japan)

= |n 2005 the ICAO adopted the colour code VALS for ash hazards as an international
standard.



2. THE 2010
EYJAFJALLAJOKULL ASH

CRISIS IN THE UK Hazard

Research
Centre



Implementing standard protocols for the
Eyjafjallajokull eruption

Ash from the 15-20 April 2010 explosive eruption of Eyjafjallajokull volcano,
resulted in:

=»Unprecedented closure of the UK, European, and North Atlantic air space for six days
»Chaos generated by stranded passengers and business travellers globally

=Cost of the flight ban of 15-20 April for the European aviation and travel industry, estimated
at between £1.3 and £2.2 billion in Europe (IATA)

The decision to close commercial airspace followed international guidelines for
responding to the presence of volcanic ash clouds along established flight paths

= Developed following two significant aircraft encounters with ash in the 1980s
= A policy of 'if ash, no fly' was adopted globally

ICAO, along with the World Metrological Organisation (WMQ), established the
International Airways Volcano Watch (IAVW):

= Responsible for dealing with volcano ash warnings from scientists



International Airways Volcano Watch:

ACCs of
Adjacent FIRs

VAA
S5IGMET

VAR

VAA
SIGMET
MOTAM

VAR

Volcano
Observatories

SIGMET

Forecast
Centres

— |AV'W Inputinformation W

— |AVW Outputinformation Satellite Broadeast
+ — = Exchange of supplementary information

Guidance for State Volcano Observatories: The International Airways Volcano Watch, 1st Edition — December 2009, p14



Aviation Colour Code (Alert Level): Adopted by ICAO

Aviation Color Code Used by USGS Volcano Observatories

Color codes, which are in seccordanes with recommended Intsrnational Civil &iation Organization (ICAD) procaduras, are intended to infarm the aviation sactor about 3 voleano’s status and
are igsued in conjunction with an Alert Level. Motfications are iszued for both increasing and decreasing woleanic activity and are secompanied by teetwith details (s known| about the
nigture of the unrest or eruption, sspacially in regard to ssh-plums information and lkaly outcomes,

Color Description

Woleano i intypical background, noneruptive state
GREEN ar, after & change from a highar loval,
voleanic activity has ceased and voleano has returned to nonsruptive background state.

Woleano i exhibiting =igns of elevated unrest above known background lavel

YELLOW or, after & change from a higher laval,
voleanic activity has decreased significantly but continues to be closely monitored for possible renewed increase,

Woleano i exhibiting haightaned or escalating unrast with incressed potential of sruption, imeframe uncartain,

ORANGE OR

eruption is und ersesy with no or minor volcanic-azsh emissions [agh-plume height specified, if possibla].
Erupticn is imminant with significant emission of volcanic ash into the atmosphere likely

aruption is unde rway or suspectad with significant emission of voleanic ash into the atmosphere [ash-plume height spe cified, if Pessiblel.
http://pubs.usgs.gov/fs/2006/3139/
= [ssued for the aviation sector to ascertain the status of volcanoes and determine if they
need to act, reroute or do any other measures.

= Based only on the activity of the volcano i.e. ash plumes, NOT relevant for distal ash
clouds.

= Although internationally standardised in 2005, only actively used in the USA — although
adopted during the Eyjafjallajokull ash crisis.
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Volcanic Ash Advisory (VAA):
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SUMMIT ELEV: 1666M

ADVISORY NR: 2010/004

INFO SOURCE: ICELAND MET SERVICE
AVIATION COLOUR CODE: UNKNOWN

VA ADVISORY

DTG: 20100415/0000Z
VAAC: LONDON
VOLCANO:
EYJAFJALLAJOKULL
PSN: N6338 W01937
AREA: ICELAND

REPORTED TO BE UP TO11KM HEIGHT

RMK: LIGHTNING REPORTED IN PLUME OVER ICELAND
NXT ADVISQRY: 20100415/0600Z

ERUPTION DETAILS: PLUME FROM VOLCANO

http://www.metoffice.gov.uk/aviation/vaac/vaacuk_vag.html

> Note initially no aviation colour code was assigned until 15/04/10 12pm Report




The importance of context: new UK policy

European disruption in Europe does not reflect a failure in the warning system, but
inadequate evaluation of the potential impact in a large densely-populated region

= [nternational protocols assumed that aircraft can divert or re-route to access the
destination country; European context is different:
o Crowded flight paths
o Small countries that can be 'locked in' by ash clouds
o Countries that do not host active volcanoes can be affected by volcanic activity

= |t also reflects:
o Inadequate abilities to monitor atmospheric ash concentrations
o The absence of agreed safe ash concentration thresholds

= After five days of UK airspace closure, the CAA introduced new measures of regulations
o April 20: Safe ash limit of 2-3g/m3 of ash
o 10 May: Removed flying buffer zone of 60 nautical miles
o 17 May: Introduced a 'time limited zone' whereby aircraft can fly through 4-3g/m3 of ash for
limited time

» These disregarded international policy, raising fundamental questions about the
application of standardised protocols in volcanic ash hazard management:



Issues the Eyjafjallajokull ash crisis raises:

1)
2)

3)

There is scepticism and concern that within three weeks the CAA established a ‘safe’
concentration of ash and removed the buffer zone based on 'evidence gathering', when
this had not been achieved in thirty years.

These rapid changes appear to be driven by:

o0 Social and economic circumstances outweighing and possibly manipulating the scientific
evidence, or lack thereof

o0 Lobbying conducted under financial pressure

The distinct lack of scientific information to enable a quantitative ‘risk assessment’ is
probably why, historically, a precautionary approach had been adopted by the aviation
sector.

This crisis raises some fundamental questions about the standardisation and
globalisation of early warning systems:

What is the role of social and economic risk factors in managing natural hazards?

How do you make decisions in complex, uncertain and risky situations, particularly when
there are issues of accountability?

What is the efficiency of standard protocols if they do not consider local contexts?



3. STANDARIDSATION OF

VALS: LESSONS FROM THE
U.S. GEOLOGICAL SURVEY [aard

Research
Centre



Research aim

How effective is the standardisation of VALS for communicating volcanic hazards between
different users?

Selected Case Study: U.S Geological Survey

= All five observatories adopted the standardised VALS
in 2006

=  Four different locally developed systems prior to
standardisation to provide a comparison

= Excellent resources for monitoring volcanoes and
communicating warnings

= Wide range of volcanic styles and hazards, many
active

=  Collaborates with KVERT and SVERT

= |nvolved in international crises with the Volcano
Disaster Assistance Program (VDAP)

“Alaska Voloano Observatory 3 (e

Casudes Volcano Ubsemtnw ‘Ii F

Research interviews were conducted with: e Vot ,,;,,m;,,;":ajg';;gg::::;gg Aoy ¥y

"  USGS observatory staff / collaborators to understand & _;' R P B R o
how VALS work in practice W

» Interviewed users to see if they are getting the info
that they need from the VALS:

> Howaiian Volcano Observator

http://volcano.wr.usgs.gov/



Example of alocally developed VALS prior to the
standardised VALS

h

CONDITION

USGS RESPONSE!

ACTIVITY LEVEL

RECURRENCE INTERVALS®

GREEN — No
inumediate risk

Normal operations plus
mformation calls to
local and other
authorities for weak
through strong unrest as
appropriate

Background or quiescence

Most of the time

Weak Unrest

Days to weeks

Minor Unrest

Weeks to months

Moderate-to-Strong Unrest

Months to vears

(if not already in place
under YELLOW)

to days

YELLOW Full call-down and Intense TTnrest Years to decades
(WATCH) EVENT RESPONSE

ORANGE Full call-dovwn and Accelerating intense unrest: | Decades to cenfuries
(WARNING) EVENT RESPONSE Ermuption likely within hours

RED (EUPTION
IN PROGRESS)

A

Full call-down and
EVENT RESPONSE
(if not already in place
under YELLOW or
ORANGE)

Daily or more frequent
updates on eruption
levels

LEVEL 1: Minor eruption Cenfturies
LEVEL 2: Moderate Centuries
explosive emption

LEVEL 3: Strong explosive | Centuries

eruption

LEVEL 4; Massive
explosive emuption

Cenmries to millenmnia




Rationale of the standardisation of VALS

Pressures to standardise came from:

International  Aviation users via ICAO wanted national and internationally accepted
standards for ash warnings

National Following 9/11 attack in the U.S. increasing standardisation of warning
procedures and protocols, which the USGS VALS had to comply with

State Federal agencies were confused by using different VALS at each
observatory

Local Emergency managers in the Cascades wanted to use terms they were

familiar with for the alert levels to prevent confusion
Internally For the USGS, standardised levels would provide more consistency

The process and design of the standardised VALS at the USGS was a socially
constructed process, determined by the demands of users and governmental policy



The USGS standardised linear VALS (2006)

Volcano Alert Levels Used by USGS Volcano Observatories

dlert Levels are intended toinform p2ople on the ground about a voleano's status and are issued in corjunction with the &dation Color Code. Notficatons are issued for both inereasing
and decreasing wol canic activity and are accompanied by text with details (as known) about the nature of the unrest or erupton and about poterdial or cument hazards and lkely outcomes.

Term

NORMAL

ADVISORY

WATCH

WARNING

Description

Voleano i= in typical background, noneruptive state
or, after & change from a highar lbwal,

valcanic activity has ceased and woleana has returned to nonsruptive backgraund state.

Vaoleanao iz exhibiting signs of &levated unrest above known background level
or, after & change from a highar bwal,
valcanic activity has decreased significantly but continues to be closely monitored for possible renewed increase.

Vaolzano iz exhibiting heightened or escalating unrest with increa sed potential of eruption, timeframe uncertain,
OR
aruption is undensay but poses limited hazards,

Hazardous eruption is imminant, und erssy, or suspactad.

Aviation Color Code Used by USGS Volcano Observatories

Giolor codes, which are in accordance with recommended Imternational Civil Awiation Onganization (ICAQ) procadures, are intended to inform the asiation sector about a woleano's status and
ara issued in conjunction with an Alert Level. Notifications are iszued for both inereasing and decreasing voleanic activity and ares aecompanied by teet with details (a5 known) sbout the
nature of the unrest or eruption, espeacially in regard to ash-plume information and lkely outcomes.

Golor

GREEN

YELLOW

ORANGE

Description

Voleano i in typical background, noneruptive state
ar, after & change from a highar laval,
voleanic activity has ceased and voleano has returned to nonaruptive background state.

Voleano i exhibiting signs of elevated unrest abowve known ba ckground level
ar, after 8 change from a highar laval,
voleanic activity has decreased significantly but continues to be closely monitored for possible renewed increasa.

Voleano i exhibiting heightened or escalating unrest with increased potential of eruption, imeframe uncertain,
OR
eruption is und erssay with no or minor vol canic-ash emissions [agh-plume height specified, if pos=ibla].

Eruption is imminart with significant amission of valcanic ash into the atmosphers liksly
OFR :
eruption is underaay or suspected with significant emission of volcanic ash inta the stmesphere [ash-plume height spe cified, if possible].



Managing complexity and uncertainty

= There are many complex systems involved in VALS
= Complex systems are non-linear, are unpredictable and self-organise
» Complexities lead to uncertainty, particularly scientific uncertainty

= Because of uncertainty decision-making is B
difficult and subjective. g; =

e

TERRQR]E-{-.&\ 7
AL

OR DROUGHT? |

= Scientists do not only assign alert levels
based on the science or volcanic activity, b CURRENTLY, WE'RE
but also consider risks which are L\ R
dependent on the local social contexts. =

» To make effective decisions that generate
an effective warning requires all the
actors involved to integrate closely to
reduce the gaps between expertise and
knowledge

» This requires communication



Standardised VALS in practice: The
Troublesome USA Trips!

Pilots Trip (Orange)
» Alaska: Significant diversion
» Hawaii: No nearby low level flying

Alaska Volcano Dhsenratnrr I

:-- o IJ
4 Gasgades 'flqlcann l:)hser'msl'mr]pr s

i’
= ongValley i!lh:-‘.f'.-rwatl:lr;ir i &
Inwstpne Volcano Dhsenratnr\r if

> Hawaiian Volcano Dhs.'ei?vaztrﬁ_r_:;;.

S f BENFIELD UCL

N Hazard
Research
Centre




Standardised VALS in practice: The
Troublesome USA Trips!

Jong Ya]ley l:lh-s.f'.-nlriltl:lr;ir _,)
4 ’i’elluwstpne Volcano UhSEWHtDW

Pilots Trip (Orange)
= Alaska: Diversion
= Hawaii: No nearby low level flying

Lucky Tourists Trip (Watch)
» Hawaii: Eruption underway

» Long Valley: Eruption imminent
(hours to days)

» The implication is that alert level
terms are standardised throughout
the USA, they mean different
things:

o to different users
. . BENFIELD UCL
o at different locations Hazard

Research
Centre



Issues raised from the local vs. the national:

Issues

Management

Local
(individual USGS Observatories)

Local stakeholders develop
close relationships

National
(new standardised system)

Streamlines communication
within federal agencies reducing
confusion

Decision Making

Gear decision on local needs,
circumstances and knowledge

Descriptions provide guidelines
/ criteria, but implications may
vary

Communication Methods

Local interpretation likely to be
more effective

Common terminology and
understanding, but must be
known

Users needs

Provides flexibility to local
community but global users may
be confused

Limits flexibility possible, but
two systems specific for their
users

» These results challenge the ability for a VALS or VEWS to respond to local knowledge

and context.




Research conclusions

= Therefore a VALS can be reconceptualised as:
o0 A communication tool (to provide information needed by users)
o Aninstrument to trigger communication and to coordination plans (requires education)

o Provide a general awareness about the state of the volcano rather than a specific
hazard

= Therefore ‘one glove does not fill all’ — it has to be adapted!

= AVALS s like a coat stand:
o It provides a frame from which to hang various protocols

o If these protocols are in place (i.e. communication, co-ordination plans, education and
outreach) the coat stand balances and completes its function and is no longer visible

o If all the protocols are not in place then the VALS will still be needed to provide a
framework otherwise the coat stand will fall over as it is not balanced

» VALS could be reconceptalised as a framework, than as a linear system



4. IMPLICATIONS OF

RESEARCH FINDINGS ON
VEWS

Hazard
Research
Centre



Addressing the questions raised by the
Eyjafjallajokull ash crisis

1) What is the role of social and economic risk factors in managing natural hazards?

0 Social and economic contexts are highly significant in the design, use and effectiveness of
VALS and VEWS

0 Research has shown that although science is a critical component to EWS, there needs to be
more consideration of social and economic contexts
2) How do you make decisions in complex, uncertain and risky situations, particularly when
there are issues of accountability?
o Communication is vital to understand users needs, capabilities and to share understanding of
uncertainties and risk
3) What is the efficiency of standard protocols if they do not consider local contexts?

0 The research indicates that standardised VALS/VEWS are not hugely useful or meaningful if
they do not consider local contexts

» The Eyjafjallajokull crisis demonstrated that there is a need for local and adaptive
VEWS within broader international policy for the aviation sector

» Itis recommended that, rather than trying to define a linear standardised product,
future VALS iterations should be based on processes and best practice designed
to facilitate communication and interaction between scientists and users in
context.



University College of London

UCL Institute for Risk and Disaster Reduction
launched early 2010

Focus: Interdisciplinary research on hazards and
risk reduction with over 70 academics across 12
departments and seven faculties

Published Volcanic Hazard from Iceland: Analysis
and Implications of the Eyjafjallajokull Eruption
available on: www.ucl.ac.uk/rdr

Actively collaborating with international researchers

LICL INSTITUTE FOR RISK AND DISASTER REDUCTION

VOLCANIC HAZARD FROM ICELAND

ANALYSIS AND IMPLICATIONS OF THE EYJAFJALLAJOKULL ERUPTION

Edited by-
Peler Sammeonds, Bill McGuire and Stephen Edwards
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Thank Youl!
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Hazard
Research
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ISTC International Workshop

“Worldwide early warning system of volcanic activities and mitigation

of the global/regional consequences of volcanic eruptions”,
Moscow, Russia, July, 8-9, 2010

Explosive volcanic eruption
and other atmospheric
aerosol catastrophes

Alexander Ginzburg

Deputy Director

A.M. Obukhov Institute of Atmospheric Physics
Russian Academy of Sciences



Earth System Questions

Sali!"l!l}' Valve = — = _.;:..-.jﬂ.a"ti'-} JJ-ETE'FI'. m - ~Methane urst?
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. B o ~ Hydrological Cycle Reversal?

Salinity Valves ?
Riatahilit Tibetan soon Modulation

Instability of West Antarctic
Ice Sheet?

CHANGE



Intergovernmental Panel on Climate Change
Fourth Assessment Report
Climate Change 2007: Synthesis Report

Schematic framework of anthropogenic climate change drivers, impacts and responses

EARTH SYSTEMS

HUMAN SYSTEMS

Mitigation Adaptation
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Some Anthropogenic Impacts on Climate System

Partial reflection and absorption of incoming solar radiation

dioxide Organic
carbon

/ *Hﬁ“sfm
.

Lﬁnd—usa changes Industrial emissions Biomass burning
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Mid-1970s Mid-1980s
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Rivers Circulatioﬁ Interactive Vegetation

The complexity of climate models increasing
and additional physics incorporation



Global Energy Balance of Earth Climate System
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Climate effects of aerosols

Aerosol particles can influence climate in several ways:

Scatter and absorb (in the case of black carbon) solar radiation
(direct effects).

Act as cloud condensation nuclei (CCN) around which cloud droplets
can form, and thereby influence cloud reflectivity and cloud lifetime
(indirect effects).

More CCN causes liquid clouds to consist of more, but smaller,
droplets. The resulting cloud is more reflective (first indirect effect).

Due to the smaller size of cloud droplets, the formation of
precipitation may be suppressed, resulting in a longer cloud lifetime
and larger cloud cover (second indirect effect).

Black carbon can have another indirect effect by changing the albedo
of snow and ice, but that's not the topic of this post.

The aerosol indirect effects are the greatest source of
uncertainty in assessing the human impact on climate change.



Three types of global aerosol
atmospheric and climate catastrophes:

1. Impact (asteroid) winter
2. Volcanic winter

3. Nuclear winter



GLOBAL AND PLANETARY
CHANGE

Global and Planetary Change 20 (1999) 281 -2 88

woww . elsevier.com Slocate  globlacha

Climate catastrophes

Mikhail Budyvko

Climate catastrophes occur with large-scale
environmental changes which cause mass deaths of living
organisms. Long-term, strong reductions Iin temperature
cause a considerable decrease in the number of many
animal species, even full extinction.

The results of the falling of large meteorites should
be a considerable increase in aerosol layer optical density
In the atmosphere.

Benjamin Franklin was the first to pay attention to
the possible climatic effects of volcanic gases and dust. He
proposed that a large eruption of the Laki volcano iIn
Iceland in 1783 resulted in ‘dry fog’, i.e., haze that caused a
cold summer and poor harvests in Europe.



Toba Catastrophe

Weather Underground
wunderground.com'

According to the Toba Catastrophe Theory, a mega-
colossal eruption at Toba Caldera, Sumatra, about 74,000
years ago, was 3500 times greater than the Tambora eruption.

According to model simulations, an eruption this large
can pump so much sulfur dioxide gas into the stratosphere
that the atmosphere does not have the capacity to oxidize all
the SO:2 to sulfuric acid aerosol.



CAHTOPUH

B pe3ynbTaTe U3BEPXEHUA Ha rpeyeckomM OCTpOBe
CaHTtopunH okono 1500 r. Oo H.3. OCTPOB MNpaKTUYECKU
nepecrtan cyuwlecrsoBaTb: oObOpasoBanacb Karnbgepa
obbemoM 80 Km3.

OcBoOoOXOeHHaAA 9QHeprnsi Bbi3Bana MPUITMBHYIO
BONMHY BbicoTon o 30 M, onyctowwuBllyto ocTpoB Kpur,
CNYCTA HECKONbKO 4YacoB 3aTonueluyko genbTy Huna wu
paspywmBLLyo NopT, ydaneHHbin HA 1000 KM OT MecTa
N3BepPXeHNA.

HekoTopble wuccnegoBsaTenn CBA3bIBAKOT C  3TUM
N3BEPXKEHMEM  nereHgapHyo rmbens  ATnaHTMgbl W
bnbnenckyo "TbMy ermneTckyto’.



Middle Age warming & Little Ice age

During the last millennium there were
periods with high and low volcanic activity.

There were relatively few volcanic
eruptions took place between the 11th and 13th
centuries during the Middle Age warming period

After that there were at least 100 volcanic
eruptions between 1500 and 1800 during the
Little Ice age.



535 - 536 A.D. event - probably the most

Weather Underground massive volcanic eruption of New Era

wunderground.com . ] ) ..
took place at the time of King Arthur in Britain

"The sun was dark and its darkness lasted for
eighteen months; each day it shone for about four hours;
and still this light was only a feeble shadow; the fruits did
not ripen and the wine tasted like sour grapes."

Many documents from 535 - 536 A.D. speak of the
terrible "dry fog" or cloud of dust that obscured the sun,
causing widespread crop failures in Europe, and summer
frosts, drought, and famine in China.

This eruption threw so much sulfur dioxide (S0O2) gas
iInto the stratosphere that a "Volcanic Winter” resulted.
Sulfur dioxide reacts with water to form sulfuric acid
droplets (aerosol particles), which are highly reflective and
reduce the amount of incoming sunlight.




Volcanic winter

Weather Underground
wunderground.com'

The eruptions capable of causing "Volcanic
Winter" effects severe enough to depress global
temperatures by 2°F (1°C) and trigger widespread crop
failures for 1 - 2 years afterwards could occur about once
every 200 - 300 years.

The Huaynaputina eruption with a magnitude 6 is
blamed for the Russian famine of 1601-1603, which killed
over half a million people and led to the overthrow of
Tsar Boris Godunov.

In the past 200 years, Mt. Pinatubo in the
Philippines (June 1991), EI Chichon (Mexico, 1982), Mt.
Agung (Indonesia, 1963), Santa Maria (Guatemala, 1902)
Krakatoa (Indonesia, 1883), and Tambora (1815) all
created noticeable cooling.



Last two centuries

Height Global temperature de-
Year Volcano, region of injec- Quantity of material crease and other conse-
tion, km quences
| 7831784 | Laki, lceland >20 | >122 Mt of SO, of which about| Almost complete absence of
95 Mt eupted into the lower direct solar radiation for 3
stratosphere months
|815 | Tambora, Indonesia >30 | 70-130 Mtof gaseous substances | 3-4°C; vear without direct
solar radiation
1883 | Krakatau >50 | 25-55 Mt of gaseous substances | 0.5°C
1912 | Katmai, Alaska ~20 | 20 Mt of sulfide aerosols 0.3-40.5°C
1963 | Agung, [ndonesia ~20 | > 16 Mt of sulfide aerosols 0.2-0.3°C
1982 | EI Chichon, Mexico ~20 | ~12 Mt of sulfide aerosols (.3°C
1991 | Pmatubo, the Phillippmes | 20-25 | <30 Mt of sulfide aerosols, 20 Mt| 0.3-0.5°C
S0-

The most intense volcanic eruptions in the 18th-20th centuries

(from lIzrael et al, 2007)



TAMBOPA

[To-BnaMmMomy, KpyrnHemwmMm B WUCTOPUM 4YerioBevecTBa
bbifi0 n3BepxkeHue ByrikaHa Tambopa B UMHOooHesum B 1815 .
[pu B3pbIBe ObINO NOAHATO B Bo3ayx 150 kM3 BellecTBa.

"logpom 6e3 neta"™ ObI HasBaH nocregywwunm  3a
napepxeHmem 1816 r. B CeBepHon Awmepuke u 3anagHou
EBpone.

B HoBon AHrnum netom 1816 r. cHer Bblnagan B UIOHE,
ObIfin 3aMOPO3KM B UIOSIE N aBrycTe.

B LWeenuapumn n ®paHumm B 1816 r. 3apernctpupoBaHo
camMoe no3gHee co3peBaHWEe YypoXaa BWHOrpaga 3a nepuog C
1782 .

B Anrnun, Weenuapum n Ha cesepe CLUA neto 1816 r.
OblI0  caMbiIM  XONOAHBIM C  Hadana MEeTEeOopPOsIoOrM4YecKmnx
HabnaeHun.



Lord Byron “DREAM?”

| had a dream, which was not all a dream.

The bright Sun was extinguished, and the stars
Did wander darkling in the eternal space,
Rayless, and pathless, and the icy earth

Swung blind and blackening in the moonless air;
Morn came and went--and came, and brought no day...

The habitations of all things which dwell,

Were burnt for beacons; cities were consumed,
And men were gathered round their blazing homes
To look once more into each other’'s face;

Happy were those who dwelt within the eye

Of the volcanoes, and their mountain-torch...

The winds were withered in the stagnant air,
And the clouds perish'd; Darkness had no need
Of aid from them--She was the Universe.



J:xopax (Jlopa) Baiipon - «Tebma»

A Buaen coH... He Bce B Hem 6bl/10 CHOM.
Moracno conHue csetnoe, M 3s8e3abl
Ckutanuca 6e3 uenu, 6e3 nyyen

B npocTpaHCcTBE BEYHOM; /ibAUCTAA 3eMAS
Hocunacb cneno B Bo3ayxe 6e31yHHOM.
Yac yTpa HacTaBan u npoxoaun,

Ho aHA He npuBOoAWA OH 3a coboto...

. Kunuua Bcex nMerLwmx xunuwa -

B kocTpbl cnaranuck... ropoaa ropesnu...

A noan cobupanuca Tonnamu

Bokpyr 4OMOB NbinarwLWmux - 3aTem,

UToObl XOTb pa3 B3rNsHyTb B rnasa apyr apyry.
CyacTnumBbl ObINKU XUTENU TEX CTPaH,

[ oe dpakenbl ByNKaHOB NiamMeHenu. ..

...3aB4ANN BETPbI B BO3ayXe HEMOM...
Ncuesnu Tyun... Tbme He HyXXHO ObIno
X nomoLuu... oHa Obina noscroay...
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= USGS

An 18 km-high volcanic plume from one of a series of explosive
eruptions of Mount Pinatubo beginning on 12 June 1991, viewed
from Clark Air Base (about 20 km east of the volcano). Three days
later, the most powerful eruption produced a plume that rose
nearly 40 km, penetrating well into the stratosphere. Pinatubo's
sulfur emissions cooled the Earth by about 1°F (0.5°C) for 1 - 2
years. (Photograph by David H. Harlow, USGS.)



Weather Underground
wunderground.com'

- . Aerosol

-

Mass of sulfur (kg)

Time alter @ruption (vr)

Total mass of sulfur dioxide and sulfate aerosol in the
stratosphere (heavy solid and dotted lines, respectively) modeled
for a 6 petagram stratospheric injection of SO2 for Toba eruption.

Observed SO2 and aerosol amount for the 1991 Pinatubo
eruption are shown for comparison.

Data from Read et al. (1993) and Bekki et al. (1996). Fig. from Oppenheimer,
C., 2002, Quaternary Science Reviews, 21, No 14-15, P. 1593-16009.



AnadhbaTnanokyanos gHem, anpenb 2010



AnahbATNanoKkyanb HoYbko, anpenb 2010



M.FO. JlepmoHmos

MPOPOK

...I'locbinan nensom s rrasy,
N3 ropoaoB bexan s HULWuN,
A BOT B NYCTbIHE $1 XXMBY,

Kak ntuubl, 4apoM OOXbEW NULLN...



Similarities and differences

Pinatubo (1991) — 20 Mt of SO:

Big E (2010) - 15 Mt of ash

Local nuclear war (?77?) - 5 Mt of soot



Volcanoes also warm the climate

While volcanoes cool the climate on time scales of 1 - 2
years, they act to warm the climate over longer time scales,
since they are an important source of natural CO2 to the
atmosphere.

Volcanoes add 0.1 - 0.3 gigatons (Gt) of carbon to the
atmosphere each year, which is about 1 - 3% of what human
carbon emissions to the atmosphere were in 2007, according
to the Global Carbon Project.

In fact, volcanoes are largely responsible for the natural
CO2 iIn the atmosphere, and helped make life possible on
Earth.



AMBIO

A JOURNAL OF THE HUMAN ENVIRONMENT

Volume XI Number 2-3, 1982. Special issue
NUCLEAR WAR: THE AFTERMATH

Volume XVIII Number 7, 1989
Nuclear War and the Environment



the night after...

Climatic

and biological
consequences of a
nuclear war

Moscow
Mir Publishers, 1985

Georgi Golitsyn

Carresponding Member of the USSR Acsicmy ol Socnce
Aleksandr Ginsburg
andidate of Physical and Mathemation Soen
Natural analogs
of a nuclear catastrophe

Today mankind has reached such a level of develop-
ment that it can modify natural situation on the Earth
more than all catastrophes, known or conceivable, ex-
cept perhaps for collision with a large celestial body.
Beyond the direct material destruction and the im-
mediate loss of human life by the hundreds of millions,
anuclear war causes radioactive contamination over
vast land spaces, depletion of the protective
stratospheric ozone layer, multiple urban and forest
ires, and Nrestorms.
There are more or less relevant physical analogs in
nature for some of the effects that might be expected as
a result of a nuclear war. On the Earth, such catastroph-
., icnatural phenomena include earthquakes, floods,
droughis, falls of large meteorites, volcanic eruptions,
oGl and massive wildfires. On Mars, there are global dust
st of Fysic 1 storms. Investigation of these phenomena provides a
" better understanding and more accurate conception of
- the possible conscquences of a nuclear war.
i Thenuclear war would be unlike any war or natural
. disaster known to us from past history due to the
" massive and unpredictable secondary long-term ef-
oo of P, Agkiisd fects. They are consequences which, inthe caseof a
‘s Theest puclear war, would be critical for the immediate survivors of nuclear blasts. Far
from all of the likely global consequences—human and ecological—of a nuclear
wirr are clearly understood today. But it is quite obvious that certain aflermaths
leave no room for illusions about a favourable *post-war’ future, even for a few
remote regions of the Earth, A nuclear war would spell catastrophe for everyone
without exception.




Some greatest forest and peat fires in XX century
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1 - fire areas, 2 - smoke paths, 3 - smoke clouds boundaries



The Simplest Nuclear Winter Model
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Atmosphere, Land and Ocean surface Temperature Changes
Depend on Smoke Layer Optical Depth and Height




Environmental Consequences of Nuclear War
Owen B. Toon, Alan Robock, and Richard P. Turco

December 2008, Physics Today

Argentina
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China
Egypt

France
India
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Russia

U.K
u.S.

Soot Generation from 50 Weapons (15 kt each)



Change in Global Temperature and Precipitation

Time  variation  of
global average surface
air temperature, and
precipitation changes
for the 5, 50 and 150
Tg of Dblack soot
loaded Into the
atmosphere

Temperature Anomaly (°C)
Precipitation Anomaly {(mm/day)

Time variation of net

0 1 2 3 4 5 6 7 8 9 10

Change in Global Surface SW (W/m?) surface shortwave

18 radiation (5, 50 and

v 3 :g"}ﬂtubﬂ 150 Tg cases) in

S e.:.e?go%%g comparison with the

i e 0 1991 Mt. Pinatubo
Time (years) eruption

Robock, Oman, Stenchikov, Toon, Bardeen, and Turco, 2007: Climatic
consequences of regional nuclear conflicts. Atm. Chem. Phys., 7, 2003-2012.



GISS Global Average Temperature Anomaly
+ 5 Tg smoke in 2006

1Global climate change unprecedented in recorded human history
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Temp Anomaly (°C) from 1951-1980 mean
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http://envsci.rutgers.edu/~robock
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Change in growing season (period with freeze-free days) in the first year
after smoke release from 100 15-kt nuclear explosions
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CONFRONTING CLIMATE CHANGE:

AVOIDING THE UNMANAGEABLE AND MANAGING THE UNAVOIDABLE

Scientific Expert Group Report
on Climate Change and Sustainable Development

Prepared for the 15th Session of the Commission on
Sustainable Development.



Einstein & SEG, Washington DC, 2006, August 18



Climate change vulnerability

Change in Natural Vegetation

Low
Medium
Bl High



Early Warning Signals of Global Warming
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Refereiﬁce website - http:Llwww.climati_hotmﬂp.org

E3

Plant and animal
range shifts and
population decline

Heat waves and
periods of unusually
warm weather

‘III Glaciers melting

Arctic and Antarctic
warming

Coral reef
bleaching

Sea level rise and
coastal flooding

Earlier spring
arrival

s

Downpours, heavy
snowfall and flooding

Droughts and fires
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Ash fall on the ground: what'’s the problem?
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Volcanic ash: its properties
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Research Methods
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Systems thinking &
a systems engineering framework
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Long terms implications of ash fall impacts on

Infrastructure systems:
a conceptual model
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What are the known impacts of

Eyjafjallajokull?

BUSINESS
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What other impacts don’t

we know about yet?
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The Main Ash Problems
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The known Impacts of ashfall
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What don’t we know about ashfall impacts?
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Long term Impacts

Corrosion
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Addressing the knowledge gaps
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Addressing the knowledge gaps:
Field data

< :
Je across all impacted sectors,

5 of the study team

 for specific studies
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Addressing the knowledge gaps:
Field data




Addressing the knowledge gaps:
Laboratory data
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Addressing the knowledge gaps:

Laboratory data

VGLCANIC ASH TESTING LABORATORY
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" Investigating the impact of volcanic
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Risk Assessment
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The Seven Samurai of Systems Thinking (After Martin, 2006)

Addressing vulnerability in practice:
Challenges to mitigation
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Continuing this research...
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1 the vulnerability and resilience of critical
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The future of ash impacts research?

de rstanding

ach to understand the “big picture”
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Ongoing volcanic ash research projects:-
Joint Centre for Disaster Research

3 ST W
Current projects: -~ o
Vulnerability of high voltag:

(Johnny Wardman)

Contaminated with 3mm
0.018M NaCl pseudo basalt




Ongoing volcanic ash research projects:-
Joint Centre for Disaster Research

olcanic surveillance equipment to volcanic

Je {6? New Zealand Roof Materials
‘Broom, Carol Stewart, Zengwei Li)
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Future volcanic ash research projects:-

Joint Centre for Disaster Research A
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Ongoing & future volcanic research projects:-

Assessing the im|
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Thank you
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| Sheveluch volcano
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Shiveluch volcano, 3283 m

Age- 60-70 thousands years

Last big eruption -1964, the total erupted volume around
2 kms,

The dome start in 1980
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anomaly at Sheveluch
volcano associated with
the 2005 pyroclastic flow

In AVHRR image




2004 and 2005 dep031t
the pyroclastic flow
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2005 pyroclastic flow
covered the a of about

22.8 km? ./V of the erupted
material 0.2 km3
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The height and volume rate since 1980 till 2008 for
new dome of Shiveluch volcano
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56,062 160.530

55.814 160.367
Frestovsky KRV 56,113 160.500 -4.108
Ushkovsky  USV 56,072 160.469 =3.943
|Bezymianny  BZV 55.975 160.588 -2.869

& -

-

i -

3 -

2

2000M07268 2007010827

Explanation.
Date = year/month/day.
TO = origin time (UTC), hour : wminute : s=acond.
Lar - geographic lativude in decimal degreesnorrch).
Lon = geographic longitude in decimal degre=s(east).
H - depth in kilometets.
K= = glass from the amplitude of S—wave, definsd by Fedovov 3.K.
Nl = magnicude uaing the formula Ml=FKs*0.,5-0.75 .

Size of the earthquake circle ¢orresponds to Kz | number of pixels 1s equal integer(Ka))

Bortoms Y>>"and "<<" change sutomatically selecved earcthquakes according to interval of vime.

Line "A-H" on a map [left figure) 1s'a line of che wvercical sectcion (righrt figure).

To draw a veolcane location on & map set flag "Volcoanoes" and click on the reguested wvolcano "in List,




Kljuchevskol volcano, 4750 m

Age Is around 7000 years

Two type eruptions: explosive from the summit
crater and mostly effusive flank eruptions.

The biggest summit eruption in 1944-1945,
Total volume 0.6 km3,

Usually the volume of flank eruption
0.05-0.1 km3,
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01.0Oct 1994
Kliuchevskoi VYolcano
from Space Shuttle












Terminal eruption
March 17, 2005







Seismic network around Klyuchevskaya volcanic group

K AU BCKOM

S7LNE

BesnMaaHEIT

.Nmockinr, TonGauix /

20



W IIwe W EIIa T es FRmr e e—s sE ) TR ST S e— e~ - e g msrs =R e e sme—m . ——

AHomanuu Vp nokasaxsl 8 sude nepeceyeHus
aepmukanbHblx cevenut 3D cxkopocmHol modenu no
npochunam 1 u 2 (cm. cxemy).

Modens nocmpoena no daHHeiM BT 3emnempscerull.
3eneHbiMU KpyxKamu 0603HaveHsl Haubonee cunbHbie
3emnempscerun (Ks>5).

C3 o3 l o B

KnioueBckan
rpynna BynKaHos

S
a
=
=
ey
(& ]
QF
o
(]
a3
___________ o
x =1
=
& |+uoe
B
rpynna ByfnKaHoOB I
e HHumeHcusHocms aHomanuu ~15% @il a0
-30
-0
-15.0

21



12 - I
| |
l.
10 Ne b-1 — - |
] |
3 ¢ |
o g1 —— - e
% y = —0.::303x +25.712
S . B R?2 =0.7916 o
A 1
48 50 52 54 56 Nz4
|
22 £ - = S
E
19 & e
R ¢
S
4
o) y =-0.6741x + 52.646 |
| ;,:” R2 = 0.7975 e |
| 13
I
10 . : .
48 50 52 54 56 58
SiO; (Bec.%)

22



Bezymyanny volcano, 2882 m

Age — 10-11 thousands years

The biggest eruption in 1956 after 1000 years of silence.
Total volume around 1.0 km3.

After eruption of 1956 continuous new dome growing.
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Seismicity and thermal anomaly of Bezymianny volcano, Oct. 2000

CeliCMHYHOCTD H TCPMAJIbHAA aHOMAJ/INA HA BYJIKAHC

be3bimsinablii B oKkT0pe 2000 roaa.
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Seismicity and thermal anomaly of Bezymianny volcano, Dec. 2002

CelicMUYHOCTH H TEPMAJIbHAsI AHOMAJIMSI HA BYJIKAHE
besbimsinnbiii B Aeka0Ope 2002 roaa.
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Expolosion of
Bezymyanny
volcano in 1956
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SO; Emission Rate (t/d)

Bezymianny Daily Averaged SO, Emission Rates
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Whole rock and matrix glass compositions
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KoMnnekcHble reonorn4yeckue m reopmusanyeckue
nccrnepnosaHusa BynkaHoB CeBepHou rpynnbl Ha KamyaTke,
NPOrHo3 U AUHaMMKa U3BEePXXeHUM c Lernbio obecnevyeHus

Oe3onacHOCTU HacerieHUss 1 MMHUMU3aLun X BoO3OenNcTBuUs
Ha OKpyXXalLlyr cpeny

IHEJIb ITPOEKTA: KoMIiuleKCHbIE Te0JIOTHYeCKHe ¢ reodu3nvecKue
ucciaeaoBanus ByJakaHoB CesepHou rpynnbl KamMmuyarku, X HenpepbIBHBIN
CeUCMUYECKHH H TeoPUu3uYeCKU MOHUTOPHUHI C MEJbI0 H3YYeHUSH
pa3sBUTHS AKTUBHOCTHU BYJIKAHOB, JAUHAMUKHA U3BEPKECHUI.
BoccraHoB/ieHMe JABUMKEHUH W Ae(OPMANMOHHLIX IPOLECCOB, OIEHKA
00beMOB H3BEPKEHHbIX MNPOAYKTOB 3JKCTPY3MBHBIX KYIOJ0B BYJKAHOB
besbivMsaaubIn 1 HuBeyu.

N3yyeHue MPOCTPAHCTBEHHO-BPEMEHHbIX XapPaKTePUCTUK
U3MEHEHUU HANPSAKEHHO-1e(POPMUPOBAHHOIO COCTOSHHA O0JI0OKA 3€eMHOM
KOpbl paliOHa ¢ MeJbK0 HU3YYCHHUS  B3aUMOJCHCTBUS  KPYIHbIX
PErHOHAJBHBIX I'€0JIOTHYCCKUX CTPYKTYP.

OneHka BO3MOKHOCTH TIPOrHO3a U3BEPKEHUU BYJIKAHOB I
oOecreyeHUusi 0€30MACHOCTH HACEJECHHUS U MUHUMM3ANMM HMX BO3CHCTBUSA

HAa OKPYKAKOIIYIO Cpeay. -
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ISTC International Workshop
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Satellite and ground-based monitoring of volcanic activity

o
B,
LB o
LA

V.M. Sorokin and V.M. Chmyrev PR

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Russian
Academy of Sciences (IZMIRAN), 142190 Troitsk, Moscow region, Russian Federation

Schmidt Institute of Physics of the Earth (IPE), Russian Academy of Sciences, 10B, Gruzinskaya
Str., 123995 Moscow, Russian Federation

This report presents the methods for monitoring of volcanic
activity and warning of powerful eruptions. The methods are based on
the latest achievements in study of the seismo-ionospheric coupling
and the formation mechanisms of the disturbances in near Earth space
at the preparatory phases of earthquakes and volcanoes.
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Kamchatka peninsulais
seismic region

29 active volcanoes
annually produce 3 to 4
eruptions of explosive




Klyuchevskoy Volcano eruption in northern Kamchatka.

This is the photograph taken by NASA from a space shuttle, which shows the ash cloud.

Volcanic ash reach the altitudes above 15 km and spread the distance up to several

thousand km from their source filling the air space over the ocean.




Basic experimental results.

Enhancement of seismic activity and typhoons produce DC electric
field disturbances in the ionosphere of the order of 10 mV/m.

These ionospheric disturbances occupy the region of the order of
several hundred km in diameter over epicenter.

DC electric field enhancements arise in the ionosphere from hours
to 10 days before earthquakes.

Within the seismically disturbed geomagnetic field tube the small
scale (~10 km) irregularities of plasma density with relative
amplitude ~10 % are observed together with the magnetic field
disturbances ~10 nT and the electromagnetic emissions in ELF
range with amplitude ~10 pT.

DC electric field on the Earth surface in epicenter area does not
exceed the background value ~100 V/m.




The key role in the seismo-ionospheric interaction
belongs to external currents in the lower atmosphere.
The external current Is excited in a process of vertical
atmospheric convection and gravitational
sedimentation of charged aerosols. Aerosols are
Injected Into the atmosphere due to intensifying soil
gas elevation in the lithosphere during the
enhancement of seismic activity. Its inclusion into the
atmosphere — 1onosphere electric circuit leads to DC
electric field growth up to 10 mV/m in the lower
lonosphere.




[he proposed methods for monitoring of seismic activity are based o
the electrodynamic model of the atmosphere — ionosphere coupling
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culation results of the altitude dependences of atmosphere

ductivity at the epicenter of disturbed region.

anel shows the atmosphere conductivity at different levels of atmospheric radioactivity.
anel presents the atmosphere conductivity at different number density of charged aero
h’s surface.
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ie altitude dependences of external electric current at t
center of disturbed region.

External current is forr
as a result of:

e convective transft
charged aerosol:
ejOnization C




patial distributions of DC electric field calculated for axially symmetr
distribution of the external electric current

A\

///7//// ," \\\

-

)

AN
AR Upper panel:
Horizontal comp

DC electric
lonosphe
the

Y 2\
A5\
1\
40N
e

/{ "'""'",‘
)

e

i

/




L)
L C
[ p—
O =
L S

o
%.m
)

c
R=
O O
c S
- O
.m%
o g
QT
= =
O m
€
O @
o W
o O
=S
—
O o
s ©
O o
ci=
SiE
c =
SHE
o Q@
R 7T
8 o
c S
mf
s
= 2
)
mp
S £
5 O
a3 o
2 =
? o
=%
© >
I s)
2 5
N =
@®

-1000 -600 -200

-1000

-1000 -600 -200 200 600 1000

-10

-1000 -600 -200 200 600 1000

-1000

form of ellipse.

-1000 -600

-1000

-1000 -600 -200 200 600 1000

-1000




r « Model examples of the altitude electric field distribution In ‘
the Earth — ionosphere layer (in relative units).
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Examples of satellite observations of DC electric field
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ormation of field-aligned currents and plasmea
rregularities in the upper ionosphere as a result of
Acoustic Gravity Wave (AGW) instability in the lower
onosphere.

The excitation of horizontal spatial
structure of conductivity in the
lower ionosphere results in the
formation of magnetic field-

aligned currents and plasma layers
stretched along the geomagnetic
field. '
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xamples of satellite observations of ULF magnetic field oscillations, electron
mber density fluctuations and ELF electromagnetic emissions caused by th
mation of the ionosphere conductivity irregularities.
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Spatial distribution of electron number density in the ionosphic E - region
caused by the electric current flowing into the ionosphere from the
atmosphere.




Spatial distribution of electron number density in the D
layer of the ionosphere caused by the electric current
flowing from the atmosphere to the ionosphere
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The scheme of processes forming of electrodynamic model of the
atmosphere — ionosphere coupling

Magnetosphere. :
[ Plasma density

Field-aligned currents.
Plasma density
irregularities.

Satellite [ DC electric field

data
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Electromagnetic

lonosphere. § fields
DC electric field,
lonosphere conductivity Infrared tomography
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lonosphere
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Electric current in the

atmosphere — ionosphere Radioactivity
circuit. Ground

based data

Electromagnetic
Near— ground atmosphere. >\G —=4 fields

Electro motive force.
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Satellite and ground based monitoring of volcano activity

The above consideration gives experimental and
theoretical base for development and practical
Implementation of new satellite methods for monitoring
of volcanic activity and short-term forecasting of high-
power volcano eruptions.

Within project it is supposed to develop the specialized set
of equipment for direct measurements of definite types of
lonosphere perturbations above volcanoes and the
remote sensing of thermal field parameters and the
humidity in an active zone.

The hardware should be placed onboard the special micro-
satellite to be launched on solar synchronous orbit at the
altitudes ~700 km. This activity should be supported by
ground based geophysical and radio physical
observations in a zone of active volcanoes In
Kamchatka.




Ground segment

Small satellite Network of

grouping geophysical
stations

Microsatellite
grouping

Ground Control Complex
&

Data Processing and Analysis Center




The satellite segment of the monitoring system should
provide the measurements of the following field and
plasma parameters:

e Three components of DC electric field;
» Electromagnetic field waveforms;
e Spectral density for wave components;

 Thermal plasma parameters - components of ion drift

velocity, ion number density, ion temperature, ion density
oscillations;

* Intensity of IR radiation for mapping thermal anomalies;

* Limb measurements of the spectral distribution of
hydroxyl emission,;

e Thunderstorm activity.




GROUND GEOPHYSICAL SEGMENT

EACH STATION IS EQUIPPED WITH INSTRUMENTS FOR CONTINUOS
MEASUREMENTS OF

IC AND MAGNETIC FIELD OSCILLATIONS,

ULF/ELF/VLF ELECTROMAGNETIC EMISSIONS AND VLF/
ER SIGNALS,

C ELECTRIC FIELDS AND TELLURIC CURRE
ITION OF SOIL, WATERS, AND ATM




Conclusion

The results of experimental research and the theoretical modeling gives
grounds for initiation of project aimed at the development and practical
Implementation of new methods for monitoring of volcanic activity and
warning of powerful eruptions. The suggested project includes two main
parts.

First is the development of ground network of observational sites in the vicinity
of Kamchatka volcanoes and equipping them with new instruments for
hydro-chemical, geophysical and radio physical measurements.

The second part includes manufacturing and piggyback launching of the micro-
satellite with the purposeful instrumentation set for the direct measurements
of definite types of ionospheric disturbances over volcanoes and the remote
sensing of the parameters of thermal fields and humidity in active zones.

It is assumed that synchronized ground-based and satellite observations of the
expended set of the parameters sensible to enhancement of volcano activity
will give an opportunity to develop the practical methods for short-term
forecasting and timely warning (from hours to days before) of strong
volcanic eruptions with subsequent communication to the authorities and
aviation community in Russia, Canada, USA, Japan, China, Korea and
other interested countries.




Planned research project.

PROJECT PROPOSAL # 3512

of new satellite methods for monitoring of vol

ous effects of volcanic ash on jet aircr




IGS Pleistocene - Holocene late collision volcanism of the
— territory of Armenia and volcanic hazard assessment.

Institute of Geological Science NAS, Armenia
University of South Florida, US
University of Leeds, UK
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Tectonic settings of the regional collision zone

Black Sea

Arabian Plate

After Phillip et al., 1989; Karakhanian et al., 2003. Map key: North Anatolian fault (NAF), East Anatolian fault (EAF), Dead
Sea fault (DSF), Bitlis suture (BS), Zagros suture (ZS), Pambak Sevan Syunik fault (PSS), Great Caucasus (GC), East
Anatolian accretionary complex (EAAC), Lesser Caucasus (LC), Armenian nuclear power plant (ANPP).



Distribution and tectonic setting of Pliocene—Quaternary volcanoes in the region

ALR

_" 4 YEREVAN
- GMTTY




There are more than 500 volcanic centers in the territory of Armenia, most of
them are monogenetic cinder cones, but also 4 big stratovolcanoes, as well
as rhyolite domes.
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Some noteworthy features of Aragats volcano

ﬁlti;cude 4090m, area of Aragats volcanic province —5000
m

Long period of activity, more than 2 Ma, last activity is
dated to 450 Ka.

Huge volume of central-vent eruptions, including —~6km?
low aspect ratio ignimbrites.

Intense flank activity from more than 100 monogenetic
vents on the periphery.

Super hot magma: an example is Tsakhkasar flank dacite
volcano - one of the episodes produced 25 km (1) length
huge dacite lava flow with total volume of 28 km?3 and
thickness reaching 200 m. Such a length lava flows are
typical mostly for basalts and basaltic andesites but not for
dacites due to high viscosity related to SiO, content.




Some monogenetic cinder cones in Armenia were active in Holocene (<11700
years) and erupted during last 3-7 thousand years.
Tendurek, Nemrut and Ararat in eastern Turkey were active in historical time.
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Red triangles
show locations of
Holocene
volcanoes in
Armenia, as well
as Ararat with
flank activity in
Holocene and
phreatic eruption
in 1840.



Holocene lava flows of Karkar group of cinder cones,
Syunik volcanic highland, south Armenia
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An example of Holocene lava flow: Nazeli volcano,
Syunik volcanic highland, south Armenia




A petroglyph depicting
volcanic eruption dated
to the 6™-7t millennia
B.C.

(after A. Karakhanyan
and A. Avagyan)
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Fissure eruptions dolerite basalts; Stratovolcanoes
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Volcanic Hazard Assessment of the
Armenian Nuclear Power Plant Site (ANPP)

Armenian Nuclear power plant Atomakhumb group of cinder cones




Distribution of volcanoes in 300 km zone around ANPP

The Armenian Nuclear Power
Plant (ANPP) is located in a
region of Quaternary (<1.8
Ma) and Holocene-Historical
(<11.7 Ka) volcanism.
Because of this fact, volcanic
hazards potentially exist for
facilities at the ANPP site, and
these hazards must Dbe
evaluated Iin a quantitative
way.
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Detailed analyses of potential volcanic hazards at the
ANPP site follow International Atomic Energy Agency
(IAEA) guidelines provided for volcanic hazard
assessment and rely on:

 Development of a volcano database of the site region,
which includes geologic data on the extent, timing and
nature of past volcanic activity in the region;

 Development of a conceptual model of volcanism in the
site region, based on state-of the-art geochemical and
petrologic studies, as well as information about the
tectonic setting and geologic history of volcanism,

e Detailed analyses of the recurrence rate using Ar-Ar
dating and potential magnitude of each volcanic
phenomena that may impact the ANPP site

 Numerical simulations of specific phenomena, such as
tephra fallout and lava flows, used to estimate the
probability that such phenomena have an effect the site.



According to IAEA guidelines, a capable volcano or volcano group is one for
which: Future volcanic eruption or other volcanic event is credible, and such an
event has the potential to produce volcanic phenomena that may affect the site.
These capable volcanoes include: Ararat volcano, Aragats volcano, and the
monogenetic volcanoes of the Shamiram plateau, adjacent to the ANPP site.

Aragats volcano, 35 km
from ANPP

Last flank activity ~450Ka

Ararat volcano, 54 km
from ANPP,

Last flank Activity —
Holocene,

Phreatic eruption, 1840



GEOLOGICAL MAP OF THE VICINITY OF ARMENIAN NUCLEAR FOWER PLANT SITE
Institute of Geologieal Sel of Armenian National Academy of Sei
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New site vicinity scale geologic
map of the ANPP site vicinity,
(Shamiram volcanic plateau)
prepared to help develop a
detailed understanding of the
specific volcanic processes that

have operated on the
Shamiram plateau and
adjacent areas in the ANPP

vicinity.



GEOLOGICAL MAP OF ARAGATS AND ARARAT VOLCANOES
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Volcanic hazard assessment for ANPP site includes numerical
simulations of the following potentially hazardous volcanic
phenomena:

« Opening of monogenetic vents
 Pyroclastic flows

 Tephra fallout

* Volcanic ballistic projectiles
 Lava flows



Opening of monogenetic vents

. Monogenetic volcanoes
Spatial
Density such as Dashtakar and
0 Atomakhumb are located
S i l hundreds of meters from
2.9e-2 the ANPP site. Several
alternative statistical models
2.7e-2 are developed for the
location of future volcanic
e L 23e2  yents on the Shamiram
plateau, leading to a
.72 probability of new
monogenetic vent formation
1082 Jess than 2 km from the
ANPP site center in the
40.15"° I 483 range of 2.6 x 10°9 - 1.6 x
5 e 10_'6 per year.
This uncertainty may be
reduced through
interpretation of new
40.1° radiometric  Ar-Ar  ages,

when these data become
available.



Northing (km)

400 410 420 430 440 450

Easting (km)

Pyroclastic flows

Two sources of pyroclastic
density  currents  (including
pyroclastic flows and surges)
are identified. Explosive
eruptions from the summit
region of Aragats

volcano are capable of
producing pyroclastic density
currents that can reach the site.
Based on the geologic record of
past events, it appears the
annual probability of such
activity is 2 x 1076,



Tephra fallout

There is potential for tephra fallout to occur
at the ANPP site due to eruptions at a
number of volcanic sources In the region.
Numerical simulation of tephra fallout using a
wide range of eruption conditions indicates
that Ararat volcano is the most substantial
potential source of tephra fallout hazard In
the site region. This is because Ararat is a
Holocene composite volcano capable of VEI
4—6 eruptions during the lifetime of the
ANPP. The probability of tephra accumulation
at the ANPP site exceeding 100 kgm~ due to
an eruption of Ararat is estimated to be on
order of 10> - 107% per year.



Volcanic ballistic projectiles

Volcanic ballistic projectiles are rock fragments (up to
1m in diameter) that are expelled from volcanic vents
during explosive eruptions. The probability of such
projectiles impacting the site is tied to the probability
of opening of new monogenetic vents the annual
probability of the opening of a new vent within 6 km of
the site center is approximately 3 x 1076,



Northing (km)

Lava flows The probability of lava flow
iInundation of the site is
approximately 1.5 x 1076
per year, based on this
Monte Carlo analysis. The
primary uncertainty
associated with lava flow
hazards at the ANPP site is
uncertainty In the
probability of future
monogenetic volcanism on
the Shamiram plateau. The
probability of such events is
oo 4.5 x 107° yr=1 and is based
A on the occurrence of nine
' e o w independent events in the
BT last 2 Ma. Acquisition of
new radiometric age
determinations should
reduce uncertainty iIin this

estimate.
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Conclusions

eIn spite of low probability, possible volcanic events must be
considered when developing design bases for systems at the ANPP
site.

eShould the decision be made that the site is acceptable for
construction of a new nuclear power station, it is recommended that
plans be developed to respond to potential volcanic activity at
Ararat, Aragats, and the Shamiram plateau.

e|AEA guidelines further recommend the monitoring of capable
volcanoes.

ePlans conforming to IAEA guidelines should be developed to
monitor these volcanoes and study them in more details.
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e In-Situ Methods

Advantages:

Shortages:

Overcoming:

A very high accuracy and unambiguity in measurements of a certain
parameter of the survey surface or the environment.

Impossibility to get information simultaneously from a wide region and
from the earth regions difficult of access.

Building and simultaneous exploitation of many measuring points and

stations, extending of a staff of professionals, increasing finances for
work, exploitation, transportation and living expenses, etc.

 Remote Sensing Methods

Advantages:

Shortages:

Overcoming:

A possibility to get multi-parametric information simultaneously, in real
time scale from a wide region and from the earth regions difficult of
access.

Relatively low accuracy and ambiguity in measurements of a certain
parameter of the survey surface or the environment.

Application of various kinds of remote sensors, increasing number of
independent measurements, combining data of various independent
measurements.



Optical Methods and Devices: Cameras, Lidars, etc.
Provide very high spatial resolution and sensitivity.

Depend on daily time and illumination of surrounding, an availability of mist (fog),
cloudiness and precipitation.

Infrared Methods and Devices: IR radiometers, IR Lidars, etc.
Provide high spatial resolution and sensitivity.
Depend on an availability of mist (fog), cloudiness and precipitation.

Acoustic Methods and Devices : Ultrasonoscopes, echo-sounders, etc.
Poor spatial resolution and sensitivity, high external noises.

Radiophysical Methods and Devices: Radar, radiometers, Doppler radar,
scatterometers, etc.

Independent of daily time and illumination of surrounding, an availability of mist
(fog) and cloudiness.

Appropriate spatial resolution and sensitivity.



Microwave active sensing has a resonance character and is very sensitive to
surface roughness. It depend as well from dielectric and cinematic parameters
of the surface. Microwave active devices may provide high spatial and range
resolutions and high threshold sensitivity.

Microwave passive sensing has integral character and is very sensitive to
surface temperature, surface roughness parameters, dielectric parameters.

Combined Microwave Active-Passive Devices.

Single frequency or multi frequency, multi-polarization, combined radar-
radiometer systems, which may provide spatio-temporally collocated
measurements of the observed surface microwave reflective and emissive
characteristics at various frequencies and polarizations.



 To establish an international joint research center for the Earth
surface and atmospheric remote sensing for solutions of
ecological, nature-conservation and national economic problems
of the Black Sea, the Near East, the Middle East, the Far East and
the Pacific regions’ Countries.

 To create an international flying laboratory equipped by modern
means of remote sensing of optical, infrared and radio bands for
sustainable and regular monitoring, controlling, assessment and
management of economical, technical and environmental stages of
vitally important establishments of the above mentioned regions.



Observed Surface

ECOSERV ROC Company may fully equip the flying laboratory.



ECOSERV ROC Company’s R&D activities are in the
field of the Earth surface and atmospheric microwave
remote sensing.

ECOSERYV ROC develops radio physical methods and
corresponding microwave active-passive  devices
applicable for sustainable monitoring, security and
protection of the Environment.



Under the framework of ISTC Project A-872 we have developed engineering
prototypes of single frequency, multi-polarization, multi-channel, high-
sensitive and thermo-stable, short pulse Doppler-Scatterometer-Radiometer
Systems, Detectors- Identifiers at C (5.6GHz), Ku (15GHz) and Ka (37GHz)
band of frequencies, for short, middle and long distance remote sensing
applications, from low altitude platforms (3.5m of altitude), vehicles, vessels
and aircrafts.

Engineering Prototypes of Single-Frequency, Combined Doppler-Radar-Radiometer Systems

5.6GHz 37GHz



Under the framework of ISTC Project A-1524 we have developed
engineering prototype of dual-frequency, multi-polarization, multi-
channel, high-sensitive and thermo-stable, short pulse Doppler-
Scatterometer-Radiometer System, Detectors-ldentifier at C (5.6GHz)
& Ku (13.6GHz) band of frequencies, for short, middle and long
distance remote sensing applications, from low altitude platforms
(3.5m of altitude), vehicles, vessels and aircrafts.

Engineering Prototype of a Dual-frequency, Combined Doppler-Radar-Radiometer System

N
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C-band (5.6GHz) Module Ku-band (13.6GHz) Module



Such systems have direct and important application for remote detection
and identification of land and sea surface signatures and subsurface
targets, various atmospheric formations and phenomena, as well as for

assessment their parameters.

Suggested Detector-ldentifiers can be successfully used for sea surface
wave field mapping and wake’s detection, for sea surface and subsurface
targets detection and classification, for unmanned remote control and
management of riverine traffic, for ground moving targets detection and
classification, for detection, control and assessment Tornados, for
antipersonnel and antitank landmines, improvised explosive devices and
unexploded ordinance detection and neutralization, and so forth.



Our technology has several civilian oriented applications and may
provide new approaches:

 In remote retrieval of:

— soil and snow moistures and temperatures;

— water and soil salinities;

— near sea surface wind speed and sea wave force;
— near sea surface air and sea water temperatures;
— rainfall and snowfall parameters,

— lava temperature and velocity, etc.

« in detection and classification of surface and subsurface targets:
- mines and minelike targets, oil spills, hazardous waste sites, etc.

Our technology provides straight benefit for Weather Forecasting
Industry, Hydrology, Agriculture and Forestry, Ecology and
Environment Protection, Seismology and Volcanology, Defense and
Security, Aviation and Space Industry, and others.



Our technology allow:

Oceanographers - simultaneously and unambiguously retrieve near sea
surface wind speed, sea wave force, near surface air and water temperatures.
Meteorologists - improve prediction of storm features, retrieve
precipitation and air turbulence parameters.

Ecologists - operative and precise monitor sea and land surface pollution.
Farmers - optimize the quality and quantity of the wheat harvest.

Hydrologists - predict snow water content and snow melting time for
evaluating transport equation.

Combat Engineers - save lives, detect and identify mines and minelike
targets, etc.

Alr Force and Navy - protect Boundaries, detect and identify air, surface

and subsurface (water, land) anomalies (signatures) and targets with high
precision and unambiguity, etc.



ECOSERV ROC uses the developed Systems to research
multi-frequency and multi-polarization relationships between
microwave reflective-emissive and geo-physical and bio-
chemical parameters of soil, snow, ice, water surface and
atmospheric formations, which are very important for
development new, precise and unambiguous methods for
retrieval of observed surfaces and mediums principal
parameters.



ECOSERV ROC and Dr. Artashes Arakelyan possess all
Intellectual Property Rights, Author Certificates, National
and International Patents on all developed devices and hold
the critical know-how pertaining to these inventions and
technologies application.

National Patents: #2257A; #2282A:. #2313A
PCT Application: PCT/1B2009/000165, 02.02.09



Thus, we suggest to establish an international joint research center for the
Earth surface and atmospheric remote sensing for solutions of ecological,

nature-conservation and national economic problems and to create an
International flying laboratory equipped by modern means of remote sensing
of optical, infrared and radio band of frequencies.

The output of the flying laboratory will have a form of database and maps of
IR, radar and radiothermal contrasts or corresponding physical-chemical
and biological parameters, pictures and photos. As such parameters a
surface temperature, a density, a conductivity, moisture, water content, a
mass, a concentration, a velocity, and others, may be mentioned.

The information obtained by the flying laboratory will be of interest for
Ministries, Committees and Departments of Agriculture and Forestry,
Hydrology and Water Resource Management, Ecology and Environment
Protection, Meteorology and Weather Forecasting Industry, Seismology and
Volcanology, Fish Industry, Oil and Gas Industries, Defense and Security,
Aviation and Space Industries, etc.



| would like to express my gratitude to ISTC for
this opportunity to represent our achievements
and R&D potential.



Thank you

Prof., Dr. Artashes K. Arakelyan

Company Scientific Executive and President

arakelyanak@yahoo.com; ecoservroc@yahoo.com
WWW.EC0Servroc.com

Supported by the ISTC —éw’ WWW.istc.ru
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geodynamic monitoring
of hazardous natural and
anthropogenic objects
based on comprehensive
Interpretation of satellite
and surface data.
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Stripes are due to aliasing and definitely are errors.
There are hydrology effe ar evamnle in Amazonia
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Continuous WaVvelet-analy/sis
coefficientsyof e geoldss
difiference(imm) between
2005 and 2004, stacked! over
OLmpnRins: e scale ofi the
analysis Is Indicated on the
subplot, with a scale factor.
The colorbar should be
multiplied by this scale factor
for each subplot.

We observe very clear anomalies consistent
over a wide range of scales. At larger scales,
a strong negative anomaly dominates in the
Andaman Sea and its surroundings.

At smaller scales, this anomaly appears to
be precisely located in the Andaman Sea,
around the Mergui Basin. A positive anomaly
is apparently composed of two parts, the first
one centered around latitude 7.5°N and
longitude 88°W, and the second one around

latitude 0°N and longitude 97°W.
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x 0.195

| Continueus Wavelet analysis

COETficients at 2000k scale
of the geold 2005/2004
differences stacked over 77
months, with /2 between 1 and
9. On the upper left subplot,
the co-seismic signal (7= 1:
January 2005 — January 2004)
IS represented. It has been
subtracted from the other

| subplots (7= 2 to 9). The

value of nis indicated on each
subplot. Note stable growth of
the signal with stacking
Interval (i.e. with time).
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OCHOBHbIE 3a/dUV HOBONG:

MPOEKTa

Sarlzltz) Pa3pa60T|<a HOBbIX METOLOB KOMIEKCHOM VHTEPHPETaLn
FEEEMHBIXV CHYTHVKOBbIX AaHHbIX NPV VBYHEHV AedopMaLI/
're,mo eHHblx NI PYPOAHBLIX OOHLEKTOB.

" - e —

) J]J/_:,l"' a2 JIEMOHCTPALINS SMDMEKTNBHOCTI HOBbIX METOAOB NHTEPHPETALIMN
_gg' VIKOBBIX V1 HA3EMHBIX AaHHBIX APV UCCAEA0BAaHUM Y MOHUTOPWHIE

i Ein'BHblx TEXHOIEHHBIX 1 MPPOAHbIX OOBEKTOB.

e |
"_' e :

' e
:r;',‘r.-:—S_ afayua 3. O6paboTka 1 MHTEpNPETALIS HOBbIX BbICOKOTOYHbIX AaHHbIX O

= [J1062/IbHOM! FPaBUTALMOHHOM Noe 3eMAN C UCMOJIb30BaHNEM CMYTHUKOBBIX
(GRACE n GOCE) 1 HaseMHbIX AaHHbIX.

e Msbl MIaHMPYEM MCNoMb30BaTh AaHHbIE CYTHUKOB ERS-2, ENVISAT,
TerraSAR-X, RADARSAT-1,2, ALOS, GRACE n GOCE.
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Small baselines, track 145, Alaid volcano




Small baselines, track 66, Alaid volcano




amushir volcanoes from INSAR
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Differential interferrogrammes for Ebeko volcano
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*believe that our first INSAR result are promising and
d be useful for monitoring of deformations on volcanoes
Kl riI—Kamchatka volcanic arc.

= I lis study Is a part of research work planned within the
-_---__-Af:rameworks of our new ISTC project.
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