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Summary of Terminal Evaluation

1. Outline of the Project

Country: Republic of Ecuador Project Title : Project for Enhancement of the \olcano
Monitoring Capacity
Issue/Sector: Disaster management Cooperation Scheme : Technical Cooperation Project

Division in charge : Disaster Management Division |Total cost (tentative value at the time of this evaluation) :
11, Water Resources and Disaster Management

Group, Global Environment Department 334 million Japanese Yen

Period of (Original) Partner Country’s Implementation Organization :

Cooperation |from May 1, 2004 to April 30, 2007  |Geophysical Institute - Department of Geophysics (1G), National
(Extension) Polytechnic University (Instituto Geofisico - Departamento de

from May 1, 2007 to April 30, 2009  |Geofisica, Escuela Politécnica Nacional)
Supporting Organization in Japan : National Research Institute
for Earth Science and Disaster Prevention (NIED)

1-1 Background of the Project

In the Republic of Ecuador, one of the most important issues is the reduction of volcanic disasters. In July 2002,
the Government of Ecuador (GoE) made an official request to the Government of Japan for the technical cooperation
related to volcano monitoring in Ecuador. Based on this request, in May 2004, Japan International Cooperation
Agency (JICA) initiated the “Project for Enhancement of the Volcano Monitoring Capacity” (hereinafter referred to
as "the Project”) in cooperation with the Geophysical Institute - Department of Geophysics (IG), National Polytechnic
University (Instituto Geofisico - Departamento de Geofisica, Escuela Politécnica Nacional) as the implementing
organization.

Before the planned project period ended on April 30, 2007, JICA dispatched an evaluation team in November 2006
in order to confirm the achievement of the Project so far, and discuss the actions to be taken for the rest of the project
period. As a result of the evaluation study, it turned out that the Project had not achieved its purpose because some
activities could not have been implemented due to the volcanic eruption of Tungurahua Volcano and subsequent
damages to the volcano monitoring network of the Project, which made it impossible to collect sufficient monitoring
data for technical transfer of data analysis. Therefore, it was recommended to extend the project period for two years
from May 1, 2007 to April 30, 2009 in order to fully achieve the project purpose. Based on this recommendation, the
Record of Discussions (R/D) for the extension was signed in April 2007. Before the extended project period ended on
April 30, 2009, JICA carried out a final evaluation again from April 13 to May 1, 2009.

1-2 Project Overview
(1) Overall Goal
To enhance the capacity of mitigating volcanic disasters in Ecuador.

(2) Project Purpose
To enhance the capacity of volcano monitoring at Cotopaxi and Tungurahua Volcanoes.

(3) Outputs
1. IG improves its capacity to obtain the data on volcanic activity including long-period and very-long-period
events on a real time basis at Cotopaxi and Tungurahua Volcanoes.
2. 1G improves its capacity to process and store volcanic activity data properly including long-period and
very-long-period events at Cotopaxi and Tungurahua Volcanoes.
3. IG enhances its capacity to analyze precursory signals of eruptions.
The results of the analyses are described properly in the volcanic activity reports.
5. Improved volcanic activity reports and supplemental information are adequately received by organizations
for disaster prevention.

e

1-3 Inputs
<Japanese side>
1. Short-term experts: 15 experts in the following areas were dispatched: seismic observation, seismic analysis, leader of
installation of seismic observation system, volcanic disaster management, and project finalization.
2. Trainees received in Japan: 4 counterparts (five trainings) were trained in Japan for volcanic observation and data
analysis.




3. Provision of equipment: Equipment equivalent to approx. 225,311,000 Japanese Yen was provided.
The cost of dispatching engineers for installation of the equipment was also covered.

4. Local operational cost: The Japanese side provided a part of necessary local expenses for carrying out the activities of
the Japanese experts.

The total amount of the expenses of the Project including the dispatch of the Japanese experts and installation
engineers, counterpart trainings, provision of equipment and local cost is about 334 million Japanese Yen.

<Ecuadorian side>
1. Counterpart personnel: 31 persons were assigned as counterparts of Japanese experts
2. Local cost: Ecuadorian side covered the costs equivalent to 406,582.39 US Dollars

I1. Evaluation Team

Members of  [<Japanese side>

Evaluation 1) Leader: Mr. Shinichi MASUDA, Director, Disaster Management Division 11, Water Resources and

Team Disaster Management Group, Global Environment Department, JICA

2) Project Evaluation: Mr. Ichiro SATO, Senior Program Officer, Disaster Management Division 11,
Water Resources and Disaster Management Group, Global Environment Department, JICA

3) Evaluation Analysis: Ms. Junko MIURA, Researcher, Social Development Department, Global Link
Management Inc.

4) Interpreter: Ms. Aki HIGUCHI, Japan International Cooperation Center (JICE)

Note: Dr. Hiroyuki Kumagai (Senior Researcher, Earthquake Research Department, National Research
Institute for Earth Science and Disaster Prevention) was dispatched to Ecuador as a short-term expert
of the Project, and assisted in the evaluation study.

<Ecuadorian side>

1) Joint evaluator: Dr. Minard Hall, Professor, I1G

2) Joint evaluator: Mr. Marco Eduardo Montesdeoca Freire, Risk Management Official, Risk
Management Unit, Tungurahua

Period of From April 13, 2009 to May 1, 2009 Type of Evaluation : Terminal Evaluation

Evaluation

111. Results of Evaluation
3-1 Achievement
<Project Purpose>
To enhance the capacity of volcano monitoring at Cotopaxi and Tungurahua Volcanoes.

Indicator: The quality of the volcanic activity information to organizations for disaster prevention is improved

The Project Purpose, which is to enhance the monitoring capacity at Cotopaxi and Tungurahua Volcanoes, was
achieved. The volcano monitoring network of the Project is properly functioning and generating real-time observation
data, which are used for advanced analyses. As a result, IG improved volcanic activity reports as well as supplementary
information, and issued them timely. For instance, at the time of the eruption of Tungurahua Volcano on August 16,
2006, IG predicted the eruption by analyzing the data in comparison with those of the eruption observed in July 2006.
Accordingly, volcanic activity information was sent from 1G to organizations for disaster prevention, at least, nine hours
before the pyroclastic flows occurred, which greatly contributed to saving many lives.

<Outputs>

Output 1: IG improves its capacity to obtain the data on volcanic activity including long-period and

very-long-period events on a real time basis at Cotopaxi and Tungurahua Volcanoes.
Indicator 1-1: The data of volcanic activity including long-period and very-long-period events are acquired on a real
time basis at the Institute.
The data of volcanic activity including long-period and very-long-period events have been acquired on a real time
basis at IG.  The counterpart researchers and technicians became capable of handling real-time data and of solving
troubles of the monitoring networks. Due to the saturation of 2.4GHz band at several sections of the data
transmission, telemeter equipments were replaced with the new equipments for 5GHz band in the period between
June and July 2008 at the IG base station, six repeater sites, and one observation station at Cotopaxi Volcano. This
replacement solved the data transmission problem and enabled IG to receive data smoothly.




Output 2: I1G improves its capacity to process and store volcanic activity data properly including long-period and
very-long-period events at Cotopaxi and Tungurahua Volcanoes.

Indicator 2-1: Continuous volcanic activity data are systematically monitored, and locations of the events are
determined.

\olcanic activities of Cotopaxi and Tungurahua have been monitored by using continuous data from the monitoring
networks, and locations of events were determined. An automatic system to detect volcano seismic events was
introduced, and the volcanic activities are systematically monitored at the both volcanoes.

Indicator 2-2: Continuous data are stored, and wave forms are systematically catalogued.
Continuous data from both the Cotopaxi and Tungurahua monitoring networks have been stored, and wave forms
have been systematically catalogued. A database for seismic event data was developed.

Output 3: IG enhances its capacity to analyze precursory signals of eruptions.

Indicator 3-1: Two investigators are capable of more advanced quantitative analyses of long-period and
very-long-period events and associated signals. Two other investigators can conduct same analyses under the
guidance of the two investigators.

Two researchers trained in Japan became capable of more advanced quantitative analyses of long-period and
very-long-period events and associated signals. In addition, two other researchers and five research students
became capable of the quantitative analyses under the supervision of the two researchers trained in Japan. Based on
the research results, the counterpart researchers published research papers and made presentations at international
conferences.

Indicator 3-2: Capacity of analyzing other data is enhanced.
The counterpart researchers became capable of analyzing tremor signals associated with lahars.

Output 4: The results of the analyses are described properly in the volcanic activity reports.
Indicator 4: Results of the analyzed data including long-period and very-long-period events are written in the
volcanic activity reports.
Results of the data analyses including long-period and very-long-period events were written in volcanic activity
reports.

Output 5: Improved volcanic activity reports and supplemental information are adequately received by
organizations for disaster prevention.
Indicator 5-1: Improved volcanic activity reports are regularly received by organizations for disaster prevention.
Improved regular and special volcanic activity reports were received by approximately one hundred fifty
organizations for disaster prevention by e-mail or fax.

Indicator 5-2: Supplemental information is timely received by organizations for disaster prevention.
When there were active volcanic activities, supplemental information was timely received by organizations for
disaster prevention through IG’s special reports and more direct communication such as telephone conversations,
wireless communication, and meetings. Detailed volcanic activity information was provided through the website of
IG.

Indicator 5-3: Organizations for disaster prevention are satisfied with the improved reports and information.
Many organizations for disaster prevention near the volcanoes are satisfied with the improved reports and
information of 1G in terms of their timeliness, preciseness, and reliability, according to interviews and questionnaire
survey.

3-2 Implementation Process

Since November 2006, after the previous evaluation study was conducted, the activities of the Project were carried
out smoothly. Installation of the equipments at the two observation stations at Tungurahua Volcano, which had been
suspended due to active volcanic activities, was completed in July 2008. In addition, the data transmission problem
was solved by replacing the radio transmission equipments.  This enabled IG to receive data smoothly. Although the
equipments of one station at Tungurahua Volcano were stolen in June 2008, these were eventually recovered and
reinstalled with security cages in April 2009. All the activities including data acquisition, accumulation and analysis
were implemented smoothly in general, although data acquisition was temporarily affected by external factors such as




pyroclastic flows and ash falls from Tungurahua Volcano.

The project team managed the Project properly based on Project Design Matrix (PDM) and Plan of Operations (PO).
The previous terminal evaluation report in 2006 recommended that both Japanese and Ecuadorian sides should
introduce a mechanism for managing and monitoring the Project. Although a special mechanism for project
management and monitoring was not additionaly introduced, JICA Ecuador Office was upgraded from the Volunteer
Coordination Office in 2007, and has played a morel significant role to manage and monitor the project operations. This
greatly contributed to the effective management and monitoring of the Project.

Although two counterpart researchers had left IG by the time of the previous terminal evaluation, two other
researchers trained in Japan became capable of data acquisition, accumulation and analyses. After the previous
terminal evaluation, none of the counterpart researchers left 1G.

Both Japanese and Ecuadorian sides implemented the Project with high motivation. Communication between
Japanese experts and Ecuadorian counterparts was generally good.

3-2 Summary of Evaluation Results
(1) Relevance

Relevance is high. This project has a high compatibility with the policy and needs of GoE in disaster management
as well as the Official Development Assistance (ODA) policy of the Government of Japan (GoJ) for Ecuador.

The importance of the disaster reduction and disaster monitoring is stated in the National Development Plan for
2007-2010, Article 389 and 390 of Constitution, and the draft National Strategy for Disaster Risk Reduction for
2008-2013.

The three priority areas in the ODA policy of GoJ for Ecuador are poverty reduction, environmental protection, and
disaster prevention, which were agreed at the Economic Assistance Policy Dialogue in 2005. Therefore, volcano
monitoring for disaster prevention has a high compatibility with the ODA policy of GoJ for Ecuador.

Appropriateness of the approach taken by the Project was high. It was appropriate to select Tungurahua and
Cotopaxi Volcanoes as the monitoring targets, whose disaster risks were the highest in Ecuador. As Japan has a
comparative advantage in the volcano monitoring technologies, the cooperation in enhancing volcanic monitoring
capabilities was highly relevant.

The appropriateness of 1G as the counterpart organization was high. It is highly possible that IG will continue to be
the only organization in Ecuador for volcano monitoring and risk analysis as designated by the President’s Order 3593,
which entered into force in 2003.

(2) Effectiveness

Effectiveness is high. Outputs have been achieved sufficiently as a result of the activities carried out. As the
capacity of monitoring Cotopaxi and Tungurahua Volcanoes has been enhanced by the Project, it is judged that the
project purpose has been achieved.

The equipments such as broadband seismometers and microphones made possible for IG to obtain high quality
real-time data from the Cotopaxi and Tungurahua monitoring networks, which could not have been obtained by
short-period seismometers. The improved data quality led to the better understanding of the magmatic processes of the
volcanoes. During the project extension period, the technical transfer of data analysis using the equipment provided
through this Project has made a significant progress. Volcanic activity reports based on the analysis results have been
timely sent to organizations for disaster prevention.

(3) Efficiency

Efficiency is high. The inputs provided by the Project have been almost fully utilized. Both Japanese and
Ecuadorian sides provided adequate inputs to the Project.

The Japanese experts had strong commitment and advanced expertise, and carried out the expected technical transfer.
Training in Japan was also effectively implemented. Through training courses in Japan, skills and techniques
necessary for volcanic observation and data analysis were transferred to counterpart researchers, and they have been
applying the skills and techniques to their routine work at I1G.

The equipments supplied by the Project were well utilized for carrying out the activities. All the equipments
supplied were adequate for the technical transfer. Operation and maintenance of the equipments have been good, and 4
technicians and 8 field assistants have been properly operating and maintaining the equipments.

The Ecuadorian side allocated sufficient number of personnel with adequate expertise. Although two counterpart
researchers left IG after the counterpart training in Japan, two other counterpart researchers who also received
counterpart training in Japan have been carrying out the project activities. The Ecuadorian side has also provided
equipments and budget necessary for the project activities, which facilitated the smooth implementation of the Project.




(4) Impact

As some indicators of the Overall Goal have already been fulfilled, the enhancement of the capacity of mitigating
volcanic disasters in Ecuador has been observed. Therefore, the impact of the Project is high at this point.

For example, the organizations for disaster prevention in counties and provinces, represented by the Centers for
Emergency Operations (COEs), formulated and updated disaster management guidelines, i.e. contingency plan for risks
including volcanic disasters, and took actions in line with the guidelines. In case of the eruptions of Tungurahua
Volcano in July and August 2006, and February 2008, IG timely issued special reports and information to organizations
for disaster prevention, and most of the endangered residents evacuated following the alerts by the local administrations.

Furthermore, building upon the achievement of the Project, IG started a new project funded by the National
Secretariat of Science and Technology (SENACYT) to strengthen the monitoring capacity of other active volcanoes in
Ecuador. Therefore, it is highly expected that the capacity of monitoring of other active volcanoes will be improved in
the near future.

Unexpected positive impacts were observed in the research and social aspects.

In research aspect, it is noteworthy that the discovery of very-long-period events before eruptions accompanying
pyroclastic flows at Tungurahua Volcano led to the better understanding of the eruption mechanism. It is also worth
mentioning that the magmatic processes have been better understood by the analyses of very-long-period events at
Cotopaxi Volcano. Based on the observation data and analysis results acquired through the project activities, academic
papers dealing with Tungurahua and Cotopaxi Volcanoes were published in prestigious international journals such as
“Journal of Volcanology and Geothermal Research” and “Eos Transactions of the American Geophysical Union”, which
contributed to a higher international reputation of IG in the field of volcano monitoring and research.

In social aspect, the enhancement of the social reliability of 1G was observed. For example, the mutual
understanding between the Bafios Tourism Association and 1G was improved by a meeting between them in November
2008 that was held as a part of project activities, despite the fact that the association had been hostile to 1G because
tourism business owners thought the volcanic activity information of 1G would affect their business.

No negative impact was recognized so far.

(5) Sustainability

Sustainability is high in all the political, technical and financial aspects. The Ecuadorian government policy
promoting volcanic disaster prevention through enhancement of volcano monitoring will be maintained. It is highly
possible that the President’s Order 3593 designating 1G as the only organization in Ecuador for volcano monitoring and
risk analysis will be maintained.

Technical sustainability is high. 1G has incorporated the acquired skills and techniques by the Project in the routine
work ranging from data acquisition to information dissemination. Furthermore, the development of the automatic
system to analyze seismic signals and the compilation of the operation manual contributed to the enhancement of the
technical sustainability. ~As there are four technicians who can fully operate and maintain the equipments provided by
the Project and eight field assistants who can assist the technicians properly, sustainability in terms of the operation and
maintenance of equipment and monitoring network is judged high. It is also expected that the counterpart researchers
can continuously update their expertise in volcano monitoring and analysis through the research collaboration
agreement with NIED.

Financial sustainability is generally high. 1G’s funding sources include budget allocation from the government;
contributions from private sectors; support from international organizations; and income from consulting services.
Therefore, it is highly expected that the maintenance and operation costs will be secured. Furthermore, the
government approved a budget (nine million USD) for a new project of IG to enhance the earthquake and volcano
monitoring capabilities in Ecuador. Some uncertainties remain in the government funding of this new project due to
effects of the current economic crisis.

3-3 Factors that promoted the realization of project effects
(1) Factors concerning to Planning

None.
(2) Factors concerning to the Implementation Process

One of the factors that promoted realization of effects was that the Japanese experts and counterpart researchers had
high motivation for enhancing the volcano monitoring capacity. Because only short-term experts were dispatched to
the Project, there were many periods when Japanese expeters were absent in 1G. During the absence of the Japanese
experts, the counterpart researchers and technicians carried out the project activities on their own, utilizing the skills
transferred by the Japanese experts.




The previous terminal evaluation report in 2006 recommended that both Japanese and Ecuadorian sides should
introduce a mechanism for managing and monitoring the Project. Although a special mechanism for project
management and monitoring was not additionally introduced, JICA Ecuador Office was upgraded from the Volunteer
Coordination Office in 2007, and has played a more significant role to manage and monitor the project operations. This
greatly contributed to the effective management and monitoring of the Project.

3-4 Factors that impeded the realization of project effects
(1) Factors concerning to Planning

None.
(2) Factors concerning to the Implementation Process

The destruction of volcano monitoring equipment by the eruptions of Tungurahua Volcano between July and August
2006, and data transmission failures due to saturation of the frequency band greatly affected data collection. However,
these problems were solved afterwards by rehabilitating and replacing the equipment, and IG is able to obtain
monitoring data smoothly now.

The equipments of one station at Tungurahua Volcano were stolen in June 2008, but these were eventually recovered
and reinstalled with security cages in April 20009.

The observation was tentatively suspended between December 2007 and February 2008 because the solar panel could
not generate power due to accumulating ashes from Tungurahua Volcano.

3-5 Conclusions

The Project was implemented smoothly in the extension period of the Project. Outputs have been fully produced as
expected, and the Project Purpose has been achieved. Some indicators for the Overall Goal have also been met.
Therefore, the Project should be completed at the end of April 2009 as planned.

3-6 Recommendations
(1) Continuation of capacity development

Although it is desirable for IG to retain its staff members on a long-term basis from the perspective of institutional
capacity development, a certain extent of turnover of personnel is inevitable. Therefore, IG should prepare for it by
promoting internal knowledge and technology transfer among its personnel, particularly for those skills and techniques
acquired through the Project. Furthermore, 1G should keep updating its expertise in volcanic monitoring and analysis
as well as exploring scientific advancement of volcano research through joint research and research exchange programs
with Japanese and other overseas universities and research institutions.

(2) Maintenance and replacement of the equipments

IG, in cooperation with related authorities and organizations, should take necessary measures to appropriately
maintain the volcano monitoring and analysis system and its component equipments, including anti-theft measures for
the equipments installed in the field. 1G should also make a fiscal and operational plan for the replacement of the
equipments provided through the Project, in order to ensure the continuity of the volcano monitoring and analysis
system.

(3) Outreach activities

Further to its previous efforts, IG should broadly disseminate scientific information and knowledge, acquired through
the volcano monitoring and analysis, to promote better understanding of the risks of volcanic disasters among central
and local organizations for disaster prevention, local risk management groups, and residents in high-risk zones.

(4) Implementation of volcanic disaster management

In order to reduce volcanic disasters, volcano monitoring of IG has to be combined with risk management and
emergency response that must be strengthened by Technical Secretariat of Risk Management and local administrations
in volcanic high-risk zones.

3-7 Lessons Learned

(1) The research collaboration between IG and NIED advanced IG’s volcano research, which contributed to the
achievements of the Project. Therefore, for a technical cooperation project with a research institution, a mechanism to
promote scientific advancement will enhance the motivation of counterparts and, thus, contribute to achievements of the
project.
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(2) For a technical cooperation project for natural hazard monitoring and disaster reduction, close contact during normal
time (in non-emergency situations) between the scientists of the natural hazard monitoring institution and the local
communities/organizations for disaster prevention is important in order to provide information directly and timely in
simple language, which contributes to disaster reduction.
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RECORD OF DISCUSSIONS
BETWEEN
JAPAN INTERNATIONAL COOPERATION AGENCY
AND
AUTHORITIES CONCERNED OF THE GOVERNMENT OF THE REPUBLIC OF ECUADOR
ON
THE EXTENSION OF
JAPANESE TECHNICAL COOPERATION PROJECT FOR
“ENHANCEMENT OF THE VOLCANO MONITORING CAPACITY IN ECUADOR”

With regard to the extension of Japanese technical cooperation on the Enhancement of the Volcano
Monitoring Capacity Project in Ecuador (hereinafter referred to as ‘the Project’) based on the Record of
Discussions signed on 2 March 2004, Saburo YAMAGUCHI, Resident Representative of Japan International
Cooperation Agency ( hereinafier referred to as ‘JICA”) Ecuador Office held a series of discussions with the
authorities concerned of Ecuador, in accordance with the conclusions of the Joint Evaluation by a Japanese
team and Ecuadorian conducted in November 2006.

As a result of the discussions, both sides agreed to recommend to their respective Governments the
modification of extending the Project period of the Japanese technical cooperation for the Project in
conformity with the lines described in the document attached hereto

This Record of Discussions is prepared in both languages of English as official and Spanish as
translation. In case of any discrepancy in interpretation, the English text shall prevail,

Quito, 25 April 2007

I

M. Saburo YAMA(‘:‘E(?I/ 4 “Ing. Alfpriso ESPINOSA

Resident Representati Presidént

Japan International Cooptration Agency Ecuador Office National Polytechnic University
Japan International Cooperation Agency Republic of Ecuador

Japan

ﬂrg/f o %7@% A

M.Sc. Hugo YEPES A

Director

Geophysical Institute/Department of Geophysics
National Polytechnic University

witnessety /
é///

Emb. CarloséfATIVA

Executive Director

Ecuadorian Institute of International Cooperation
Ministry of Foreign Affaires

Republic of Ecuador
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THE ATTACHED DOCUMENT

1. Extension of the Project Period

The project period will be extended for 2 years from 30 April 2007 to 30 April 2009.

II. Master Plan of the Extension Period

The Project will be implemented in accordance with the Master Plan as given in ANNEX 1 and Project
Design Matrix (hereinafter referred to as “PDM?”) as attached in ANNEX II.

HLI. Project Design Matrix
The Revised Project Design Matrix will be approved as shown in ANNEX II by both Japanese and

Ecuadorian side.

IV. Dispateh of Japanese Experts

The Government of Japan will provide the services of the experts as listed in ANNEX HIL

V. Others
All matters other than those mentioned above will be treated in the same manner as prescribed in the Articles

of the Record of Discussions signed in Quito on 2 March 2004,

ANNEX ] Master Plan including the Extension Period

ANNEX I Revised Project Design Matrix

ANNEX 1] List of Japanese Experts and Plan of Operation 04
L7 %
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ANNEX I MASTER PLAN

1. Project Title:
Project for Enhancement of the Volcano Monitoring Capacity

2. THE IMPLEMENTING ORGANIZATION
The implementing organization is the Geophysical Institute/Department of Geophysics, National Polytechnic
University (hereinafter referred to as “IG”). The Project will be implemented keeping close coordination with
disaster prevention authorities concerned, especially the Ecvadorian Civil Defense.

3. Project Period:
May 12004 to April 30 2009

4. Target area:
Areas subject to the influence of the eruption of Cotopaxi and Tungurahua Volcanoes

5. Target Group:
Experts and Technicians at [G and staff at organizations for disaster prevention in the area of Cotopaxi and
Tungurahua Volcanoes

6. Overall Goal:
To enhance the capacity of mitigating volcanic disasters in Ecuador,

7. Project Purpose:
To enhance the capacity of volcano monitoring at Cotopaxi and Tungurahua Volcanoes.

8. Outputs:
1 I% improves its capacity to obtain the data on volcanic activity including long-period and very-long-period events
on a real time basis at Cotopaxi and Tungurahua Voleanoes.
2 IG improves its capacity to process and store volcanic activity data properly including long-period and
very-long-period events at Cotopaxi and Tungurahua Volcanoes.
1G enhances its capacity to analyze precursory signals of eruptions.
The results of the analyses are described properly in the volcanic activity reports.
Improved volcanic activity reports and supplemental information are adequately received by organizations for

disaster prevention. d

9. Activities: A v
1-1 To set up the volcanic monitoring equipment.

1-2  To maintain the volcanic monitoring equipment properly.

1-3  To operate the volcanic monitoring equipment properly.

h = W

2-1 To develop the software for processing volcanic activity data including long-period and very-long-period events.
2-2  To conduct training for the data processing.
2-3 To collect and store the data.

3-1 To conduct training on data analyzing.
3-2 To interpret the volcanic activity based on the analyses.

4-1 To identity technical points to be improved in the volcanic activity reports.
4.2 To improve the volcanic activity reports in technical aspects.

5-1 To categorize organizations to provide volcanic reports and information.

5-2  To identify points for the better understanding of the contents of the voleanic activity reports and information
among organizations for disaster prevention.

5-3 To improve the volcanic activity reports and information based on the points in 5-2.

5-4  To send regular volcanic activity reports and supplemental information to organizations for disaster prevention.

/// O y
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Revised Project Design Matrix

ANNEXTT
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ANNEX T LIST OF JAPANESE EXPERTS and PLAN OF OPERATION

1. LIST OF JAPANESE EXPERTS

Short-term experts

1. Seismic Observation {changed from Seismography)

2, Seismic Data Analysis (changed from Analysis of long-period and very-long-period events)
3. Volcanic Disaster Management  {changed form Volcanic disaster prevention)

4, Coordination for Observation System  {addition)

5. Final Confirmation of Project Qutcomes  {addition)

/\{(\/
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REGISTRO DE DISCUSIONES
ENTRE
LA AGENCIA DE COOPERACION INTERNACIONAL DEL JAPON
Y
LAS AUTORIDADES CORRESPONDIENTES DEL GOBIERNO DE LA REPUBLICA DEL ECUADOR
SOBRE
LA EXTENSION DEL ALCANCE DEL
PROYECTO DE COOPERACION TECNICA DEL JAPON PARA
“EL MEJORAMIENTO DE LA CAPACIDAD DE MONITOREO DE LOS VOLCANES EN ECUADGR”

Con respecio a la extensién de la cooperacion técnica de Japon al Proyecto de Mejoramiento de la Capacidad de
Monitoreo Volcanico en Ecuador {en adelante denominado “El Proyecto™), en base al Registro de Discusiones firmado el
2 de Marzo del 2004, el sefior Saburo YAMAGUCHI, Representante Residente en el Ecuador de la Agencia de
Cooperacién Internacional del Japon (en adelante “JICA™), mantuvo una serie de discusiones con las autoridades
correspondientes del Ecuador, en acuerdo a las conclusiones obtenidas en la Evaluacidén Conjunta de los equipos Japonés y
Ecuatoriano efectuada en Noviembre del 2006.

Como resultade de las discusiones, ambas partes acordaron con sus respectivos gobiemnos la extension del periodo del
Proyecto de Ia Cooperacidon Técnica Japonesa de conformidad con Io descrito en el documento que se adjunta a
continuacion.

Este Registro de Discusiones esta redactado en inglés, como idioma oficial, y en espafiol como traduccion, En caso de
cualquier discrepancia en su interpretacion, prevalecerd el texto en Ingles.

Quite, 25 Abril 2007

g U/%Q % il e L

St_Saburo YAMA = Tng?Alfonso ESPINOSA
Representante Resuie Rector
Oficina en Ecuador de la Agencia de Cooperacion Internacional — Escuela Politecnica Nacional
de Japdn Repuiblica del Ecuador
Agencia de Cooperacion Internacional de Japdn
Japén
%{”f’v%% e /%
M.Sc. Hugo YEPES A
Director

Instituto Geofisico /Departamento de Geofisica
Escuela Politécnica Nacional
Repiblica del ?uado

Testificado por /
s

Emb. Carlos JATIV.

Director Ejecutivo

Instituto Ecuatoriano de Coopera cion Internacional
Ministerio de Relaciones Exter/l,ores

Repiiblica del Fcuador
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DOCUMENTO ADJUNTO

1. Extensién del Periodo del Proyecto
El periodo del Proyecto serd extendido por 2 arios, desde el 30 de Abril del 2007 hasta el 30 de Abril del 2009,

1L Plan Maestro def Periodo de Extension
El proyecto serd implementado de acuerdo con el Plan Maestro como esti dadoen el ANEXO [ y ala Matriz de
Disefio del Proyecto (en adelante * PDM”) el cual estd adjunto en el ANEXO I1.

1IN, Matriz de Disefio del Proyecto
1.a Matriz de Disefio del Proyecte Revisada serd aprobada tal como se muestra en el ANEXO Il por parte de
Japén y Ecuador.

IV. Envio de expertos Japoneses
El gobiemo del Japdn proveerd los servicios de los expertos que constan en la lista del ANEXOLL

V. Otros
Otros ternas, diferentes a los mencionados arriba, serdn tratados en la misma forma como se prescribe en los Articulos
de el Registro de Discusiones firmado en Quito el 2 de marzo del 2004.

ANEXO Plan Maestro que incluye el Periodo de Extensidn
ANEXO1I Matriz de Disefio del Proyecto Revisada
ANEXOHI Lista de los Expertos Japoneses y Plan de Operacion

7
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ANEXOI PLAN MAESTRO

1. Titulo del Proyecto:
Proyecto para Mejoramiento de la Capacidad del Monitoreo Volcanico

2. ORGANIZACION EJECUTORA:
La organizacion Ejecutora es el Instituto Geofisico/ Departamento de Geofisica de la Escuela Politécnica Nacional (en
adelante “1G”). El proyecto serd implementado en coordinacion estrecha con las autoridades concernientes a la prevencion
de desastres, especialmente la Defensa Civil del Ecuador.

3. Periodo del Proyecto:
1 de Mayo del 2004 al 30 de Abril del 2009

4, Areas involucradas:
Las dreas sujetas ala influencia de las erupciones de los volcanes Tungurahua y Cotopaxi

5. Grupo a cargo de los trabajos:
Expertos y téenicos del IG y funcionarios de las organizaciones para la prevencion de desastres en el rea de los
volcanes Cotopaxi y Tungurahua

6. Objetivo General:
Mejorar la capacidad de mitigacion de desastres volcanicos en el Ecuador.

7. Propésito del Proyecto: O&

Mejorar la capacidad de monitoreo en los voleanes Cotopaxi y Tungurahua. e
\/

8. Resultados:

1 ElG mejora su capacidad para obtener datos en tiempo real de la actividad volcdnica incluyende eventos de largo periodo
y de muy largo periodos en los voleanes Tungurahuay Cotopaxi.

2 ElIG mejora su capacidad para procesar y almacenar datos de la actividad voleanica incluyendo eventos de largo periodo
y de muy largo periodo para los volcanes Tungurahua y Cotopaxi.

3 ElIG mejora su capacidad para analizar las sefiales precursoras de erupciones.

4  Losresultados de los andlisis son descritos apropiadamente en los reportes de actividad volcanica.
Reportes mejorados de la actividad volcanica e informacion suplementaria son adecuadamente recibidos por las

organizaciones de prevencion de desastres.

9. Actividades:
1-1  Montar el equipo para monitoreo volcanico.
1-2  Mantener aproptadamente el equipo de monitoreo volcdnico.

1-3  Operar de manera apropiada el equipo de monitoreo voleénico.

2-1  Desarrollar un software para el procesamiento de los datos de actividad volcanica incluyendo eventos de largo periodo y
muy largo periodo.
2-2  Llevar a cabo un entrenamiento para el procesamiento de datos.

A



2-3

32

4-1
42

5-1
52

54

RTEH-2
Recolectar y almacenar los datos.

Llevar a cabo un entrenamiento para el anélisis de datos.
Interpretar la actividad volcanica basada en los analisis,

Identificar los ternas técnicos a ser mejorados en los reportes de actividad volcanica.

Mejorar el aspecto técnico de los reportes de actividad volcanica.

Categorizar las organizaciones a quienes se suministrara reportes voleanicos e informacion.

Identificar temas para un mejor entendimiento del contenido de los reportes volcanicos e informacion entre las
organizaciones de prevencion de desastres naturales.

Mejorar los reportes de actividad volcénica e informes basados en el punto 5-2.

Enviar de manera regular informes y reportes a las organizaciones para la prevencion de desastres naturales.

/»_,//

o

A



AT E -2

s

"HRIQUIED OV ‘Sansesap sp uguaaid
2P SOJUSILLIAOUOD SOPEPLIOINE 3D
jeuosiad 9 A o3sendnsaid ap ugiorop ]

"SOWI2108 50] op
seanjfed s8] U2 SOOIUBO|OA SROSESIP 9p
ugiousaald op pepuiowd v sustue o5

“SO[EINEL SANSESIP
ap uonuasaid sp souoEZIVESIo
se[ ap Jeuosiad {9 uoo sejsIARIUL

UQLIRIELION

3 BOIURI[OA PEPIALOR B] ap sapoday ¢

LIQISBOIUNLIOD 3D
soipat ua sewreigold £ sojnomy
EDILEIO0A PEPLALSE
9p ugmeLLIOUI & sapoday

O |2 9p UQIOETIISAAUL 3P SOJNINTY 7

uoeqod g Uoo seISIAGTUL
SojeImed SanSESIP 3p uguaaaid Bl
wred sauorezIueSio uoo seisiaguyg

"SODIUPI[OA SAOSESSP 9P UGBS 2] ©

SAURITLIZIUOD SOIUANIOP A SOANATY |

"EOIZO[OA UGIOBILIGIUL ©] 8D BIOUAIQJSURY

ap SELWISIS SO] AP OJUSUIRIONRIA]

3

"SAURD[OA SO0 JERIOHLOW
ered pepoedes vl op ououeiofal T

"SEPENISPE SAU0I0E BWO) A $ejeiouajod
SOOIUR|OA S0B5ILE SO ajprIouaed
BidURIOUOD B0} uglag[qod B €|
“SaloLIae
sojuaturpaooud so] unges uguaasid
9P SEPIPALU UBLUC] SA[RINJEU SANSBSp
3p uouaard ap SAUOEZIESI0 SBT 7]
“Sansesap
op ugrouaaad ered ssuopezitegio
sepopaped JodenyemBung,
A nadojoy) soueo|oa SOf Ud SEOIUED[0A
SISLID 3P 0SED U9 SEPENOSpE SEPIPAtl 3p
ewio) g] eled sojuaiitipasord ueioqep og -]

*I0PENSH [2 US SOURI[0A
sansesap TS ered peproedes v eiolbpy
[y oaplqO

sojue)iodull SIUoURsL]

UQIEIYLIdA 3D SOIPIJA]

AqEALI>, J0pEAIPU]

USIENSY

entjeandun |, A ixedo)o)) [2p vu0z B[ ud sopRIN)RY S20)5ESIP Ap ugdudALd ried sauopeauedio op someuouny £ O PP 031U A soadyy olegen sp odnan
enyjeangun ], £ xedo)o)) sauedjoa soj ap ssuondni ap epuang g € sepins svaly :ugnedde ap wary
6007 2P LGV (€ [2 F00T 2P OABIA 2p | (0p3040.4d [op opoLiad \

ODRIOA, CRI0JIUGHA] [op pepiakde)) e op oyuanmerofdp] wied 0)240.1g s0pad0ay [op opyr], /

(K00Z 013ug 3P (T [P SINASIP UQISIA eIed JOPELIOE) BPESIATY 0332401 [9P OUISI(T 9P ZLIBIA]

LODT P MYV 9P ST Byad] THRA

VAVSIATY OLDHACH THA ONASIA 1A ZILLVIN HOXANY



AT E -2

A

sapeIaLRl0d SOATRD{CA

$0T$a11 7 9juay) ugariqed B] 9p BISUSIOUD B]

JeAajs ered SOPEPIANIE USONPUOD SAISESIP
ap uopuaaald v veed seuoroezieEIO) B

"D [2 10d BPRIAUS UQIDRIEIOJUL

B} A SOOIURI[0A $110U241 SOf WeZIfIIN S20Sesap
ap uouaaard v ered ssuoiezie3I0 se ¢

"BIGLLIEO OU BOIUED[OA PEPIALOE B] 9P
UQIDESIILL B] € OJUBNO L N [3p UQISIWI BT |

sansesap op uplousaid ep sotioorzineio
sk ap [euosiad |8 U0D SESIASIUG

0 [2p SO1U A soLadxa SO U0 SBISIAQRUg

(210 rew-o Xy
‘JH) e0lURI[0A pEPIALE B] 8p Sopodar sor]

“SepepLIONE sey eied EOIURO[OA PEPIALIOR
1] 9P UQISBLLLIOJUI B] 9] PEpIED B viofow: a8

‘BnyRMIn ],

A 1xedojon) SOUEI|CA SO] US 0JIUB0A
oaroNuow |op pepredes gl ok
0)2a40ad [ap onsodosg




AT E -2

BIQUIED OU ODURD[0A ORIONUOL
ap BLLIRISIS [9P BOI00E D] [0P UOISILI B]

"Sansesap op UosAand ap SaUocEZIESIO
se[ ap Jeuosiad [2 U0 sEisIAQIUY ¢

“Saxsesap
ap ugiauasald ap sauoloezieSIo
SB} B BPEUIUSSIP UQIIBULIOJUY

EBOIUES]OA PEPIATIOR O SO0

BOIURI[0A PEPIAOR ap Saody
UQI9EFNSIAUL 3P SOJUAWNDO(] €

“SOJUDAD AP UgToBdIqn op sadetal A eolugojoa
PEPIALOR B[ 9P SOPRAILDIE SONSITSY 7

"0 1o ua sopumbpe soje( |

‘SauLtoyL 2 sepodar sof ap iofow g] uoo

SEUDQJSIES URISe  saxsesep op uglouaaud
®] 9p SepESMEOUR SOUCIORZIUEGIO SB] -6

"sansesap ap uguasad

ap seuoeziueSio sy Jod ejusurunpodo
BpIQioal S8 [eUOIIpE  uQLEBUMO] 7o

‘SNSBSSp

op ugmuasaxd op seuopezeSI0 S

Jod aqusuLENEal SOPIIAl U0S BIUBIOA
pepiapoe B op sopeiofoun sopodsy -

BOLEI0A PEPIATIOE 2P

sapodal so] ua sopinfoul ues apoLixd 05w

Aniu1 A 0Fre} 2p SOJLDA2 SO] OpUAN[OLL
SOPEZIjEUR SOJRP SO] AP SOPRNSAU SO

'S0Jep 010
op sisipue op pepoedes B wofW 9 7-€

“SAOLRLR

saopesIsaAUL Sop sof 3p ugisialadng

| 0fl2q SISI[BUR SOLUSHL SO[ JEN03Je

uapand satopeBiisaaul sop s

"SEpRIZoSE

sajeyss sns £ opoued o8re] Amu

A OFre] ap $OJUAS 0| 9P OpEZURAR

SBL OAEIUENO SISIBUE LN JEZ1|BL 9P
pepioeded u2 teise saopeSuseAt socl 1-¢

“sepeGojees
SIUSLLIBIBUIRISIS UOS BPUO 3P SSULLIOJ SB
K BpRUROBLLE S3 BNULUOD UQDBULIQJUL B 7-7
"SOIURAD
§O[ 9P UQIOLZI[EO0[ B] BUILLIAIAP 28 £
PPESIOJUOL SIUSUIRDNEIISISIS S BOURI[0A
PEPIALOE €] 2P BNUIUOD UQIDBWLION] |-

DI

12 u2 [eat odwian ua sopuinbpe uos opoliad

0GIe] Anwt A 0ZE[ 2P S0JUSAS OpURAT[IUL
EJLEIJ0A PEPIALCE B 9D SOBP SO |

"SanSesIp
ap ugiouasud ) vred ssuoiezESIo
B} Jod JJUaLTEpENIapE SOPIQIaI
U0S SI[RUOIDIPE SAULIOJU SO| A BJUBI[OA
PEpIANOR B AK0s sopriofaw sapoda so ¢

"BAHURIIOA PEpIALOE
op sapiodat so ua epeiderde RoUBW op

SOJLISaP UOS SISIfRUR SO| 3P SOPE)NSaISO

‘seuoda op seiosmoaid so[eyas
Tezijeue vred pepioedes ns moRW O] [ €

‘xedojoD) A enyemnEun |, sateojoa
so] eed opoued 0S| Anw £ 05w ap
SOJUDAD OPUAATI[OUL BPRNOSPE RISUBLL P

EIUBO]0A PEPIATIOR B 9p SOJEp JeUSdRIIR
& resaooud ered peppedeo nseiobwi o g ¢

eniemsun A
mxedojor) sauesjoa sof ered oporiad oFng)
Anw £ oZ1e] op SOjUA opuAn[our ‘s
oduwian Ue BOIUEDJOA PEPLALIOE ] 8P SOIBp

Jousjqo ured pepoedes nswiolw O] 4 |
SOPEINSY

i
”

//




AT E -2

/

eacud ugIpuoy)

‘0] 12 uo sojsand sns us usoatreuLiad
sasauodel sopadyxe Jod sopmuysur
anb D] |9p SONUIN A sopdNR S0 £-7

opakond jap uoruaLIR|du B] 0p 01500 [
(opeford [op sopopred
so] ap ugioeguojold g us sopesipueyd
sayiode soj opuadnjous ‘opesiAal 1as B)
o[nanaA (1 un (s
2205 OPUAANIOUT OINBULIOJUI BURISIS (1
BLISEUA]R] ap BIASES (€
souojoniu (O1)231a (2
Jopeziengip A Jopensigal
Uoo BUYoUR BpLEq 9p sauosuas (1) aauQ (]
:odmba ap UQISIAQI] €
uoder ua apedenuod v ap ojuauRUAIUY 7
“SOOIURI0A
Safsesap ap ugteald us ousdxg-
‘oporiad 03xep Anu

$3[200] S01S0) €
odimbe A sapepijiog; ap ugIsIACI] T
“SOOIULISIS SIS|[EUR
£ eyeiSowssis ered saiopeSisaau] -
sanexne sapedenuos (7
‘odinbe [3p ugioriado
£ GJuAILIUBIUERWI 3D OPREIEOUD [BUOSID]-
"SOIIWIS]S SISI[pUER

"SO1SesIp op uotauaAdid op sauoEZIETI0

58] B [eUOIOIPE UQISRULIOJUL 9 BDILERO[OA
PEPIAIIOE 9P SAUOCT SJURLIRNGAL TRIATY -G

"7-5 |BI3Y 19 U2 Sopeseq ugroetoful e A
BIURO[OA PepIALE op sauodar sof Jetolejy ¢

'sansesap ap uciuasad

ered SsuoIDEZIUEFI0 SB ARUD UQGORLLIOUI B

2P A BIIUED[OA PEPIALOE B op sopodat sof

2] SOf 9P SOPIUSUOD SO] 3P OIURWIPUNUD
Jofoui 19 ered seWa).ROYNUSP] 7-¢

*SoIURa|0A Sapodar £ souLou sof ap

sajuardival sauowezIueSIo se) & ;zLoSAR) 1-¢

BOILEI|OA PRPIAKOR S SAULLIOJUIL
S0 Ua $001129) S039a<se SO} RICRIN 7-F

"BOIUBIOA PRPIALSL 3P Salodat soj us
SopeIofat 13s B S00IUP) SEWIR) JEIYRUSP] |-

‘SisIjLe sof
12 351(] U2 BOIUEO[OA pRpiALR e mesaxliaju] 7-¢
'SCJep SO| &P Ssiele
|2 »ied oluRIUIRUALUS |3 0QBD B IBAD T 1-€

‘SOJEP SO[ JEUSoBWE A R1a[009}] £-7
"sojep ap ojuILtesa0Id
[o ered ojuaiBUALUD [0 0QRI B IBAS[ ] T-T
‘opouad o8] Amw
A 05| 9p SOIRAS OPUSANIOUI BIUBI[OA
PEPIALOE B] 9P SOJEp 9p OJUAltiEsan0ud
1o ered ammyjos un Te[[ouesa(] i-g

"OOUEDJOA CRIOJIUOL

BIMES 35 OU epieduiod A 0B1e] ap SOJIOAD 9P SISI|EUR Ud opadxg- K eyeaSowsts ered Sa10pESHSIAU- ap odinbs 12 ependspe wietre op reaxdo ¢-|

OIpRI ] BPUEG B UD SOJEp 3P 00U [F Z-1 efyeIGouusis uo opadxg- sepediound sapmedeguo) (1 "0IUEDJOA OAIOYUOL
ozejd ouoo & sopadxyg apredenuos op jeuosiad jap ugneuSisa( | op odmbo [z oeUERpENOSPR JAUSIURIA Z-]

‘oauoyuour op odinba [o ua soarsd sosouode[ sopadxa ap ojaug | :10penay ;ap aped xog "03IUBOA
SOUBD BSNED OU BIILEI[OA PEPIATIOE R | sugder pp aed tog oa10yuotl ap odmba tn fejjouesa(] -]
sapody SapepIARY




AT E -2

ANEXO III LISTA DE EXPERTOS JAPONESES y PLAN DE OPERACION

1. LISTA DE EXPERTOS JAPONESES

Expertos a acorto plazo

1. Observacién sismica (en lugar de Sismografia)

2. Analisis de datos sismicos {en lugar de eventos de largo y muy largo periodo)

3. Manejo de desastres volcdnicos (en lugar de Prevencion de desasires volednicos)
4. Coordinacién para el Sistema de Observacion (Adicional)

5. Confirmacion Final de los Resultados del Proyecto {Adicional)

A
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MINUTES OF MEETING BETWEEN
JAPANESE EVALUATION TEAM AND
ECUADORIAN AUTHORITIES CONCERNED ON
THE TERMINAL EVALUATION FOR
THE PROJECT FOR ENHANCEMENT OF THE VOLCANO MONITORING CAPACITY
IN ECUADOR

The Japanese Evaluation Team organized by Japan International Cooperation Agency
(hereinafter referred to as “JICA”) and headed by Mr. Shinichi MASUDA, visited the Republic of
Ecuador from April 13, 2009 to April 25, 2009, for the purpose of conducting the joint evaluation with
the Ecuadorian evaluation members for the technical cooperation program concerning the Project for
Enhancement of the Volcano Monitoring Capacity in Ecuador (hereinafter referred to as “the Project”).

As a result of a series of surveys and discussion, the Joint Evaluation Team, which consisted of
the Japanese and Ecuadorian evaluation members, prepared the Joint Evaluation Report attached
hereto (hereinafter referred to as “the Report™). The Report was presented to and accepted by the
Ecuvadorian authorities concerned. The Japanese Evaluation Team and the Ecuadorian authorities
confirmed that the Project had achieved its purpose and, therefore, should be completed, as planned, in
the end of April 2009. The both sides also agreed to forward the Report to their respective
governments, and take necessary measures in response to the recommendations set out in the Report.

Quito, April 24, 2009
2

- 7
=

ME. Shinichi MASUDA = Epd Alfonso ESFINOSA R

Leader Rector

Japanese Evaluation Team National Polytechnic University

Japan International Cooperation Agency Republic of Ecuador

Japan

Hncyo> Yopes H

M.Sec. Hug(;rYEP:ES*%.

Director

Geophysical Institute — Dept. of Geophysics
National Polytechnic University

Republic of Ecuador
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Minuta de Discusiones
Enfre
El Equipo Japonés de Evaluacién y las Autoridades Ecuatorianas Correspondientes
Sobre
La Evaluacién Final
Para
El Proyecto de Fortalecimiento de la Capacidad en el Monitoreo Volednico en el Ecuador

El Equipo Japonés de Evaluacion organizado por la Agencia de Cooperacion Internacional del Japén (en
adelante denominada “JICA™) y encabezado por el Ing. Shinichi MASUDA, visit6 la Repiiblica del Ecuador
del 13 al 25 de abril de 2009 a fin de llevar a cabo la evaluacién conjunta con los miembros ecuatorianos del
programa de cooperacién técnica sobre el Proyecto de Fortalecimiento de la Capacidad en el Monitoreo
Volcénico en el Ecuador (en adelante denominado “el Proyecto™).

Como resultado del proceso de evaluacion y discusiones, el Equipo de Evaluacion Conjunta conformado
por miembros japoneses y ecuatorianos, prepard el Informe de Evaluacién Conjunta adjunto (en adelante
denominado “el Informe”). El Informe fue presentado y aceptado por las autoridades ecuatorianas
correspondientes. EI Equipo Japonés de Evaluacién y las autoridades ecuatorianas confirmaron que el
Proyecto habia logrado su propésito y, por lo tanto, debe ser terminado segiin lo previsto a finales de abril de
2009. También ambas partes acordaron remitir el Informe a sus respectivos gobiernos y tomar las medidas
necesarias para responder a las recomendaciones planteadas en el Informe,

Quito, 24 de Abril, 2009

//_,fw G

-
fy;;_.\ﬂ (e —

Ing. Shinichi MASUDA

Jefe

Equipo Japonés de Evaluacién

Agencia de Cooperacion Internacional del Japdn
Japon

Testigo de Honor

YWET

lfonso ESPRIOSAR.
Rector
Escuela Politécnica Nacional
Republica del Ecuador

Heeo Vopes A
M.Sc. Hioo YEPESA.
Director
Instituto Geofisico - Departamento de Geofisica
Escuela Politécnica Nacional
Republica del Ecuador
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Joint Evaluation Report
for
“Project for Enhancement of the Volcano Monitoring

Capacity in Ecuador”

Quito, 24™ April, 2009

i = /

{
Mr. Shinichi MASUDA ‘ Dr. Minard Hall
Leader Professor
Japanese Evaluation Team Geophysical Institute

Japan International Cooperation Agency National Polytechnic University

Japan

Mr. Marco E¥dyardd, Montesdeoca Freire
Risk Management Official
Risk Management Unit, Tungurahua

Republic of Ecuador
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CHAPTER 1 Outline of the Evaluation Survey
1-1 Background of the Terminal Evaluation

In the Republic of Ecuador, one of the most important issues is the reduction of volcanic
disasters. In July 2002, the Government of Ecuador {GoE) made a request to the Government of
Japan for the technical cooperation related to voleano monitoring in Ecuador.  Based on this request,
in May 2004, Japan International Cooperation Agency (JICA)} implemented the “Project for
Enhancement of the Volcano Monitoring Capacity (hereinafter referred to as “the Project”) with the
Geophysical Institute - Department of Geophysics (1G), National Polytechnic University (Instituto
Geofisico - Departamento de Geofisica, Escuela Politéenica Nacional) as the implementing
organization.

Before the planned project period ended on April 30, 2007, JICA dispatched an evaluation team
in November 2006 in order to confirm the achievement of the Project so far and the actions to be
taken for the rest of the project period.  As a resuit of the evaluation survey, it was recommended to
extend the project period for two years from May 1, 2007 to April 30, 2009, Based on this
recommendation, the Record of Discussions (R/D) for the extension was signed in April 2007.
Before the extended project period ends on April 30, 2009, JICA carried out a final evaluation from
April 13 to April 25, 2009.

1-2  Purposes of the Terminal Evaluation
The purposes of the Terminal Evaluation are the followings.

1) To confirm the actual inputs and activities, and the degree of the achievements of the outputs
and the project purpose based on the Project Design Matrix (PDM) and the Plan of Operations
(PO).

2) To evaluate the Project from the five evaluation criteria: Relevance, Effectiveness, Efficiency,
Impact and Sustainability.

3) To make recommendations on the measures to be taken after the Project and to draw lessons

learned for similar technical cooperation projects.
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The members of the evaluation team are the followings.

<Japanese side>

Name

Mission

Job title

1 | Mr. Shinichi Masuda

Leader

Director, Disaster Management Division 2,
Water Resources and Disaster Management
Group, Global Environment Department,
JICA

2 | Mpr. Ichiro Sato

Project Evaluation

Senior  Program  Officer,  Disaster
Management Division 2, Water Resources
and Disaster Management Group, Giobal
Environment Department, JICA

3 | Ms. Junko Miura

Evaluation Analysis

Researcher, Social Development
Department, Global Link Management

4 | Ms. Aki Higuchi [nterpreter Japan International Cooperation Center
(JICE)
<Ecuadorian side>
Name Mission Job title
! | Dr. Minard Hall External evaluator Professor, 1G
2 | Mr. Marco Eduardo | External evaluator Risk  Management  Officer, Risk
Montesdeoca Freire Management Unit, Tungurahua

Note: Dr. Hiroyuki Kumagai (Senior Researcher,

Earthquake Research Department, National Research

Institute for Earth Science and Disaster Prevention), an expert of the Project, also provided information

and comments to assist the evaluation team.

1-4 Outline of the Project

The outline of the Project is as follows.

(Annex 1).

Overall Goal:

For details, see PDM Version 2 (dated April 25, 2007)

To enhance the capacity of mitigating volcanic disasters in Ecuador.

Project Purpose:

To enhance the capacity of volcano monitoring at Cotopaxi and Tungurahua Volcanoes.

Outputs:

. IG improves its capacity to obtain the data on volcanic activity including long-period and

very-long-period events on a real time basis at Cotopaxi and Tungurahua Volcanoes.
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2. IG improves its capacity to process and store volcanic activity data properly including
long-period and very-long-period events at Cotopaxi and Tungurahua Volcanoes.

3. 1G enhances its capacity to analyze precursory signals of eruptions.

4. The results of the analyses are described propetly in the volcanic activity reports.

5. Improved volcanic activity reports and supplemental information are adequately received

by organizations for disaster prevention.

CHAPTER 2 Evaluation Methods and Criteria
2-1 Evaluation methods
Both Ecuadorian and Japanese sides jointly analyzed and reviewed the Project, based on the

Praoject Cycle Management (PCM) concept. This evaluation was based on PDM Version 2, which
had been revised in April 2007. The joint evaluation team conducted surveys at the project sites
through questionnaires and interviews to the counterpart personnel, the Japanese experts and other
related agencies.

The joint evaluation team confirmed the achievements, evaluated the Project based on the five

criteria as mentioned below, made recommendations, and drew [essons learned.

2-2 Evaluation Criteria

The definition of the five evaluation criteria is the following.

1) Relevance Relevance of the Project is reviewed by the validity of the Project Purpose
]

and Overall Goal in light of the Ecuadorian government development

policy and needs and the Japanese cooperation policy.

(2) Effectiveness Effectiveness is assessed to what extent the Project has achieved its Project
Purpose, clarifying the relationship between the Project Purpose and
Qutputs.

(3) Efficiency Efficiency is analyzed with emphasis on the relationship between Outputs

and Inputs in terms of timing, quality, and quantity.

{4) Impact Impact is assessed in terms of positive/negative and intended/unintended
influence caused by the Project.

(3) Sustainability Sustainability is assessed in terms of political, financial, and technical
aspects by examining the extent to which the achievements of the Project
will be sustained after the Project is completed.

CHAPTER 3 Project Achievement
3-1 Actual inputs
Based on the R/D and the revised PDM Version 2, both Japanese and Ecuadorian sides

provided inputs accordingly.
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Japanese side
(1) Dispatch of experts

Japanese experts were dispatched in the following areas: seismic observation, seismic analysis,
leader of installation of seismic observation system, volcanic disaster management, and project

finalization. For more details, see attached Annex 2.

(2) Counterpart trainings
Five trainings were carried out for four counterpart researchers of IG.  For more details, see

attached Annex 3.

(3) Equipment provision and dispatch of engineers

The Japanese side provided the equipments, which were equivalent to approximalely
225,311,000 Japanese yen, For the list of equipments provided, see attached Annex 4, In
addition, the Japanese side provided the expenses for the dispatch of technicians for installing the

equipments.

(4) Local Operational Cost
The Japanese side provided parts of necessary expenses for carrying out the activities of the

Japanese experts.

For the total amount of the expenses of the Project including the dispatch of the Japanese

experts and technicians, counterpart trainings and equipments, see attached Annex 5.

Ecuadorian side
(1) Counterparts

IG assigned researchers, technicians, and administrative staff, thirty one in total, to the Project.
Fifteen were for data analysis and coordination, and sixteen were for the operation and

maintenance of the equipment. For more details, see attached Annex 6.

(2) Local Operational Cost
IG provided the local expenses of 406,582.39 US Dollar.  For more details, see attached

Annex 5.

3-2 Implemented Activities
The joint evaluation team confirmed that all the activities had been carried out based on PDM
Version 2 and PO.
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Implemented Activities

Planned |

Actual

'ancanoes.

S IGE 1mpr0ves

its:: capaclty ‘to obtain' the “data’ ‘on voleanic -activity - including.
) G-permd events on a: real tzme bams at Cotopaxn and Tungurahua'-

1-1

To set up the volcamc momtm ing
equipment.

In July 20(}6 a]i the ﬁve observatlon statlons at
Cotopaxi Volcano were installed.

For Tungurahua Volcano, (out of the five stations to
be installed), the equipments were installed at the
three stations (BRUN, BCUS and Bmas) by the joint
Ecuadorian and Japanese team in July 2006.
However, due to the eruptions of Tungurahua
Volcano in July and August 2006, the equipments at
the two stations (BCUS and Bmas) were damaged,
and the two stations ceased their operations. In
September 2006 and May 2007, 1G installed the
equipments at the two stations (BPAT and BMAS).
In June and July 2008, IG installed the equipments in
cooperation with the Japanese experts and technicians
at the two stations (BBIL and BULB) and one
repeater (Tablén).  As a result, the installation of all
the five planned stations has been completed.

Although the equipments at BPAT station were stolen
in June 2008, the equipments were recovered and
reinstalled with security cages in April 2009,

1-2 To  maintain  the  volcanic | The wvoleanic monitoring equipments have been
monitoring equipment properly. maintained properly by IG staff.
1-3 To  operate  the  volcanic | The volcanic monitoring equipments have been

monitoring equipment properly.

operated prope;ly by IG staff.

‘Output 2: 1IG 1mpr0ves.-lts--.:capacny'-:to _process: and. store ‘volcanic activity. data properly__
i P mdfevents at Cotopax1 and Tungurahua Volcanoes

To develop the soﬁwale for.

The software for processmg volcamc actlvrty data
processing volcanic activity data | including long-period and very-long-period events
including long-period and | was developed.
very-long-period events,

An automatic system to detect volcano seismic

signals including long-period and very-long-period

events was developed.
22 To conduct training for the data Training on backup of raw data and programming for
processing, creating database was conducted.
2-3 To collect and store the data. Data from both the Tungurahua and Cotopaxi

networks have been collected and stored,

3

?IG enhanc

 its apac;ty to analyze precursory SIgnals o :ruptlons

To conduct trammg on data
analyzing.

Trammg on the quantltatlve analyses (hypocenter
determination, waveform inversion, lahar monitoring,
etc) was provided.
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To interpret the volcanic activity
based on the analyses.

The 1G researchers who received training from the
Japanese experts and those who received training
from the 1G researchers have been interpreting the
volcanic activities based on the analyses,

Oautput

4:: The results of the analyses are

descrlbed properly in- tl1e volcamc act1v1ty reports

4-1

improved in the voicanic activity
reports.

To .ident.ifyﬂtechnicél points to Pe |

Techmcal pomts to be |mproved in the volcamc
activity reports were identified: for example,
improvement of hypocenter determinations and
provision of detailed event classification.

To improve the volcanic activity
reports in technical aspects.

Improved hypocenter locations and detailed event
classification were included in the volcanic activity
reports.

it:5: Improved ‘voleanic activity reports and. supplemental 1nf0rmatlon are. adequately
' rganlzatlons for disaster prev . : g :

entmn

To categorzze orgamzatlons o

Approximately one hundred fifty organ.iiations were

provide volcanic reports and | listed to send the reports by e-mail. The list includes
information. central and local authorities, military, organizations
for disaster prevention, private companies, mass
media, embassies and international organizations, etc.

32 To identify points for the better | A series of the volcanic disaster prevention seminars
understanding of the contents of | were conducted (see Annex7), and the Japanese
the volcanic activity reports and | expert in voleanic disaster management indicated the
information among organizations | points to improve the information dissemination (See
for disaster prevention. Annex 8).

3-3 To improve the volcanic activity | IG included non-technical summaries of volcanic
reports and information based on | activities in the reports for the better understanding by
the points in 5-2. organizations for disaster prevention. More

technical information with a glossary of technical
terms has been provided through the website of IG.

5-4 To send regular volcanic activity | IG has been sending daily and special reports of

reports and supplemental
information to organizations for
disaster prevention.

Tungurahua and weekly and special reports of
Cotopaxi to all the listed organizations by e-mail, or
by fax for those without e-mail access. These and
monthly reports have been available on the website of
IG. IG has maintained personal, telephone, and
radio communication with local authorities and mass
media.

3-3 Achievements of Qutputs

Achievements of each Output are the followings.

Output 1: IG improves its capacity to obtain the data on volcanic activity including long-period

(The data of wvolcanic activity
iincluding fong-period and
Every—iong—period events are acquired
jon a real time basis at the Institute.

and very-long-period events on a real time basis at Cotopaxi and Tungurahua Volcanoes.

The data of volcanic activity including long-period and
very-long-period events have been acquired on a real time
basis at 1G.

The counterpart researchers and technicians became
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capable of handling real-time data and of solving troubles
of the monitoring networks.

Due to the saturation of 2.4GHz band, telemeter
equipments were replaced with the new equipments for
5GHz band in the period of between June and July 2008 at
IG base, six repeater sites (Sincholagua, Clirsen,
Putzulagua, Pilisurco, Igualata, Loma Grande), and BMOR
observation station at Cotopaxi Volcano. This
replacement solved the data transmission problem and
enabled 1G to receive data smoothly.

Output 2: 1G improves its capacity to process and store voleanic aetivity data properly
including long-period and very-long-period events at Cotopaxi and Tungurahua Volcanoes.

2-1 Continuous volcanic activity data are

Volcanic activities of Cotopaxi and Tungurahua have been

systematically monitored, andi monitored by using continuous data from the monitoring
locations of the events arg networks, in which locations of events were determined.
determined,

2-2 Continuous data are stored, and; Continuous data from both the Cotopaxi and Tungurahua
waveforms are systematically; monitoring networks have been stored, and waveforms
catalogued. have been systematically catalogued.

Output 3: IG enhances its capacity to analyze precursory signals of eruptions,

3-1 Two investigators are capable of
more advanced quantitative analyses
of long-period and very-long-period
events and associated signals. Two
other investigators can conduct same
analyses under the guidance of the
two investigators.

Two researchers trained in Japan became capable of more
advanced quantitative analyses of long-period and
very-long-period events and associated signals. In
addition, two other researchers and five research students
became capable of the quantitative analyses under the]
supervision of the two researchers trained in Japan.

Based on the research results, the counterpart researchers
wrote papers and 1made presentations at international
conferences. For more details, see Annex9.

3-2 Capacity of analyzing other data is
enhanced.

The counterpart researchers became capable of analyzing
tremor signals associated with lahars.

Output 4: The results of the analyses are described properly in the volcanic activity reports.

[Results of the analyzed data
fincluding long-period and
lvery-long-period events are written
iin the volcanic activity reports.

very-long-period events were written in the volcanic
activity reports.
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Output 5: Improved volecanic activity reports and supplemental information are adequately

received by organizations for disaster prevention.

5-1 idmproved volcanic activity reports arel Improved regular and special volcanic activity
regularly received by organizations for disaster, reports were received by approximately one
prevention. hundred fifty organizations for disaster prevention

by e-mail or fax.

5-2 Supplemental information is timely received Additional information was timely received by
by organizations for disaster prevention. organizations for disaster prevention through

special reports and personal communication by,
telephone, radio, and meetings. Detailed:
information was provided through the website of
IG.

5-3 Organizations for disaster prevention are; Many organizations for disaster prevention near
satisfied with the improved reports and the volcanoes are satisfied with the improved
information. reports and information in terms of timeliness,

preciseness, and reliability.

3-4 Implementation Process

Since November 2006, after the previous evaluation study was conducted, the activities of the
Project were carried out smoothly. Installation of the equipments at the two observation stations
(BBIL and BULB) at Tungurahua Volcano was completed in July 2008. In addition, the data
transmission problem was solved by replacing the radio transmission equipments. This enabled 1G
to receive data smoothly. Although the equipments of one station (BPAT) at Tungurahua Volcano
were stolen in June 2008, these were recovered and reinstalled with security cages in April 2009.

All the activities including data acquisition, accumulation and analysis were implemented
smoothly in general, although data acquisition was affected by external factors such as pyroclastic
flows and ash falls from Tungurahua Volcano.

The project team managed the Project properly based on PDM and PO. The previous terminal
evaluation report in 2006 recomimended that both Japanese and Ecuadorian sides should introduce a
mechanism for managing and monitoring the Project. The JICA office upgraded from the
Volunteer Coordination Office in 2007 played a role to manage and monitor the project operations.

Although two counterpart researchers had left 1G by the time of the previous terminal evaluation,
two other researchers trained in Japan became capable of data acquisition, accumulation and
analyses. After the previous terminal evaluation, none of the counterpart researchers left 1G.

Both Japanese and Ecuadorian sides implemented the Project with high motivation.

Communication between Japanese and Ecuadorian sides was generally good.



AT ER2

3-5 Degree of Achievement of the Project Purpose

The Project Purpose, which is to enhance the monitoring capacity of Cotopaxi and Tungurahua
Volcanoes, was achieved.

IG improved volcanic activity reports and issued them timely. In particular, at the time of the
eruptions of Tungurahua Volcano in July and August 2006 and February 2008, IG received precise
data on the real-time basis by using the equipments installed by the Project and analyzed the data
properly. Accordingly, volcanic activity information was sent timely from 1G to organizations for

disaster prevention and to mass media, which resuited in the saving of many lives.

3-6 Prospects in the Achievement of the Overall Goal
Overall Goal: To enhance the capacity of mitigating volcanic disasters in Ecuador.

Some of the indicators of the Overall Goals have been achieved so far, and there is a high
possibility that the rest of the indicators will be achieved within three to five years,

Regarding Indicator 1-1, contingency plans that define appropriate measures in case of natural
disasters including volcanic crises were formulated and updated among some organizations for
disaster prevention both at provincial and county levels. For example, the Center for Emergency
Operations {(COE) of Bafios County formulated a contingency plan in 2000 for the first time and has
updated every year since 2000, and the COE of Pelileo County formulated a contingency plan in
2005 and has updated accordingly since then. Both COEs received technical assistance from IG
when they formulated and updated their plans.

Regarding Indicator 1-2, the questionnaire and interview results showed that organizations for
disaster prevention took measures described in the above contingency plans. For example,
evacuation drills for the residents in Bafios County were conducted. Casa Cotopaxi, a local
government organization, implemented various activities to reduce volcano disaster risks in Chillos
Valley.

Regarding Indicator 1-3, residents near Tungurahua and Cotopaxi Volcanoes have better
awareness about the potential volcanic risk through awareness raising activities by local
administrations and NGOs, in which [G participated to provide information on the volcanic risk.
The endangered residents near Tungurahua Volcano evacuated safely when Tungurahua Volcano
erupted in July and August 2006 and February 2008 following the alerts by local administrations,
which were issued based on the IG’s information.

Regarding Indicator 2, 1G is making efforts to improve the monitoring capacity of other active
volcanoes such as Pichincha, Reventador, Antisana, and Chimborazo by a project for strengthening
earthquake and volcano monitoring with financial assistance from the National Secretariat of
Science and Technology (SENACYT). Therefore, if this project is successfully implemented, there

is a high possibility that IG’s monitoring capacity of other active volcanoes will be improved.
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As to Indicator 3, the transfer system of voleanic activity information from IG to organizations for
disaster prevention has been improved. Based on the information from IG, local administrations
issued alerts. From 2005, the improved IG website provided the general public with timely
information. In recent years, mayors of counties such as Bafios, Pelileo, Cevallos, and Penipe
would call 1G directly in case of emergency to obtain further information in order to make decisions

on alerts.

CHAPTER 4 Evaluation Results from Five Evaluation Criteria

4-1 Relevance
Relevance is high.

This project has a high compatibility with the policy and needs of GoE in disaster management
as well as the Official Development Assistance {ODA} policy of the Government of Japan (Gol) for
Ecuador. In Ecuador, volcanic disasters are serious threats among natural disasters such as

earthquakes, flooding, and landslides.

In the National Development Plan (Plan Nacional de Desarrollo) for 2007-2010 of GoE, the
fourth objective (out of the twelve abjectives) is “to promote sound and sustainable environment and
to secure the access to water, air and soil®. Under this objective, Indicator 4-10 stipulates “to
incorporate and to implement in the administration of the State and the society an efficient and
dynamic system of handling of the risk and the reduction of the vulnerability before natural
disasters”. In order to fulfill this indicator, the establishment of a monitoring system for disaster
early warning is raised as one of the effective measures.

In September 2008, articles about the risk management for disasters were stipulated in the
Constitution for the first time in the history of Ecuador. Article 389 and Article 390 in the new
constitution state that all the public and private institutions shall establish units for risk management
and that local administrations shall, in principle, take responsibilities for risk management with its
Jurisdiction.

In addition, in July 2008, National Strategy for Disaster Risk Reduction for 2008-2013 was
drafted by the Technical Secretariat of Risk Management (Secretaria Técnica de Gestion de Riesgos),
and it will be finalized in this May. |

As mentioned above, the importance of the disaster reduction and of the role of monitoring in
disaster reduction has been stated in the national development plan, constitution, and strategy.

The appropriateness of }G as the counterpart organization was high. [t is highly possible that
IG will continue to be the unique organization for volcano monitoring and risk analysis as
designated by the President’s Order 3593, which entered into force in 2003.

Appropriateness of the approach taken by the Project was high. It was appropriate to select

Tungurahua and Cotopaxi Volcanoes as the monitoring targets, of which risks were the highest in

10
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Ecuador.  As Japan has a comparative advantage in the volcane monitoring, the cooperation in
enhancing monitoring capabilities was highly relevant,

The three priority areas in the ODA policy of GoJ for Ecuador are poverty reduction,
environmental protection, and disaster prevention, which were agreed at the Economic Assistance
Policy Dialogue in 2005. Therefore, volcano monitoring for disaster prevention has a high

compatibility with the ODA policy of Gol for Ecuador.

4-2 Effectiveness

Effectiveness is high. As the monitoring capacity of Cotopaxi and Tungurahua Volcanoes has
been enhanced by the Project, it is judged that the project purpose has been achieved.  Outputs
have been achieved sufficiently as a result of the activities carried out.

The equipments such as broadband seismometers and microphones made possible for 1G to obtain
high quality realtime data from the Cotopaxi and Tungurahua monitoring networks, which were not
obtained by short-period seismometers. The improved data quality led to the better understanding
of the magmatic processes of the volcanoes. During the extended project period, the progress in the
technical transfer of data analysis was remarkable. As volcanic activity reports based on the
analysis results have been timely sent to organizations for disaster prevention.

Some external factors affected the activities of the Project as follows: (1) the two observation
stations ceased their operations due to the damage of the equipments by the eruptions of Tungurahua
Voleano, (2) the equipments of one station of Tungurahua were stolen although they were recovered
later, (3) the observation was tentatively suspended because the solar panel could not generate power
due to ashes from Tungurahua Volcano. In spite of these, the Project has accomplished the

expected Outputs.

4-3 Efficiency

Efficiency is high. The inputs provided by the Project have been almost fully utilized. Both
Japanese and Ecuadorian sides provided adequate inputs to the Project.

The Japanese experis have strong commitment and expertise, and carried out the expected
technical transfer. The experts were dispatched on a short-term basis, and there were some periods
in which no Japanese experts were present at IG.  During the absence of the Japanese experts, the
counterpart researchers and technicians carried out the project activities, utilizing the skills
transferred by the Japanese experts and technicians.

Training in Japan was effectively implemented. Through training courses in Japan, skills and
techniques necessary for volcanic observation and data analysis were transferred to counterpart
researchers and they have been applying the skills and techniques to their routine work at IG.

The equipments supplied by the Project were well utilized for carrying out the activities. All the

11
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equipments supplied were adequate to the technical transfer, High-quality waveform data obtained
by the equipments were used for the technical transfer such as the analyses of source mechanisms
and precursory signals of eruptions.

Operation and maintenance of the equipments have been good, and technicians and field assistants
have been propetly operating and maintaining the equipments. Some equipments, which have not
been installed, are stored for contingency such as eruptions, and the storing conditions are good.
The data transmission problem due to the saturation of 2.4GHz band, which was pointed out at the
previous evaluation, was solved after the radio transmission equipments were replaced in 2008.
There are four technicians whe can fully operate and maintain the equipments provided by the
Project, and eight field assistants who can assist the technicians properly.

The Ecuadorian side allocated sufficient number of personnel with adequate expertise.  Although
two counterpart researchers left 1G after the counterpart training in Japan, two other counterpart
researchers who patticipated in counterpart training in Japan have been carrying out the project
activities.

The Ecuadorian side has also provided equipments and budget necessary for the project activities,
which facilitated the smooth implementation of the Project. In particular, the transport of
equipments provided by IG for the installation at the observation stations and repeater sites was very

effective,

4-4 Impact

As some indicators of the Overall Goal have been already achieved, the enhancement of the
capacity of mitigating volcanic disasters in Ecuador has been observed. Therefore, the impact of
the Project is already very high at this point.

For example, the responsibie units of the counties and provinces represented by the Centers for
Emergency Operations (COEs) formulated and updated guidelines, i.e. contingency plan for risks
including voleanic disasters, and took actions in line with the guidelines. In case of the eruptions of
Tungurahua Volcano in July and August 2006 and February 2008, 1G timely issued special reports
and information to organizations for disaster prevention, and most of the endangered residents were
evacuated following the alerts by the local administrations.

Furthermore, building upon the achievement of the Project, 1G started a new project funded by the
National Secretariat of Science and Technology (SENACYT) to strengthen the monitoring capacity
of other active volcanoes in Ecuador. Therefore, it is highly expected that the capacity of
monitoring of other active volcanoes will be improved in the near future.

In research aspect, it is noteworthy that the discovery of very-long-period events before the
eruptions accompanying pyroclastic flows at Tungurahua Volcano led to the better understanding of

the eruption mechanism. It is also worth to mention that the magmatic processes have been better
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understood by the analysis of very-long-period events at Cotopaxi Volcano. Furthermore, the data
obtained by the Project has contributed to the monitoring and analysis of earthquakes that occurred
at active faults and plate boundaries in Ecuador. Based on the results of the Project, academic
papers dealing with Tungurahua and Cotopaxi Volcanoes were published in international journals
such as “Journal of Volcanology and Geothermal Research” and “Eos Transactions of the American
Geophysical Union”.

The Project held an “International Workshop on Volcanc Monitoring™ in January 2008, inviting
volcano researchers from Colombia and Chile, for sharing the experiences among the three countries.
In November 2008, 1G received a technician from Chile, who was a counterpart of a JICA technical
cooperation project in Chile. This contributed to Chilean volcanic monitoring.

An unexpected positive impact was the enhancement of the social reliability of IG as observed in
the followings. The mutual understanding between the Bafios Tourism Association (Cdmara de
Turismo) and 1G was improved by a meeting between them in November 2008, although the
association had been hostile to [G because they thought the volcanic activity information of IG
would affect their business. Through a series of the volcanic disaster prevention seminars in
November 2008, staff of organizations for disaster prevention, such as Casa Cotopaxi, understood
that the quality of IG’s information and hazard maps matches that of advanced countries in volcano
monitoring. IG received a letter of appreciation from the Mayor of Pelileo in 2008. The
frequency of study visits to 1G by organizations for disaster prevention and residents in high-risk
zones hasg been increasing.

No negative impact was recognized so far.

4-5 Sustainability

Sustainability is high in all the political, technical and financial aspects. The Ecuadorian
government policy promoting volcanic disaster prevention through volcano monitoring will be
maintained. 1t is highly possible that the President’s Order 3593 designating IG as the unique
organization for voleano monitoring and risk analysis will not change.

Technical sustainability is high. IG has incorporated the acquired skills and techniques by the
Project in the routine work from data acquisition to information dissemination. Furthermore, the
development of the automatic system to anaiyze seismic signals and the compilation of the operation
manual ' contributed to the enhancement of the technical sustainability. As there are four
technicians who can fully operate and maintain the equipments provided by the Project and eight
field assistants who can assist the technicians properly, sustainability in terms of the operation and

maintenance is judged high. 1t is also expected that the counterpart researchers can continuoushy

1 “Broadband Seismic and Infrasonic Networks on Cotopaxi and Tungurahua Volcanoes” last updated
December 13, 2008

13



AT ER2

update their expertise in volcano monitoring and analysis through the research collaboration with
National Research Institute for Earth Science and Disaster Prevention (NIED) of Japan.

Financial sustainability is generally high. IG’s funding sources include budget allocation from
the government and the National Polytechnic University; contributions from private sectors; support
from international organizations such as Inter-American Development Bank (BID) and Institute for
Research and Development (IRD) of France; and income from consulting services. Therefore, it is
highly expected that the maintenance and operation costs will be secured. Furthermore, the
government approved a budget (nine million USD) for a new project of 1G to enhance the
earthquake and volcano monitoring capabilities in Ecuador. Some uncertainties remain due to

effects of the current economic ¢risis.

4-6 Conclusions

The Project was implemented smoothly in the extension period of the Project. Qutputs have been
fully produced as expected, and the Project Purpose has been achieved. Some indicators for the
Overall Goal have also been achieved. Therefore, the Project can be completed in the end of April
2009.

CHAPTER S Recommendations and Lessons Learned

3-1 Recommendations

(1) Continuation of capacity development

Ahhough it is desirable for IG to retain its staff members on a long-term basis from the perspective
of institutional capacity development, a certain extent of turnover of perscnnel is inevitable,
Therefore, 1G should prepare for it by promoting internal knowledge and technology transfer among
its personnel, particularly for those skills and techniques acquired through the Project. Furthermore,
IG should keep updating its expertise in volcanic monitoring and analysis as well as exploring
scientific advancement of volcano research through joint research and research exchange programs

with Japanese and other overseas universities and research institutions.

(2) Maintenance and replacement of the equipments

IG, in cooperation with related authorities and organizations, should take necessary measures to
appropriately maintain the volcano monitoring and analysis system and its component equipments,
including anti-theft measures for the equipments installed in the field. [G should also make a fiscal
and operational plan for the replacement of the equipments provided through the Project, in order to

ensure the continuity of the volcane monitoring and analysis system.

14
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(3) Qutreach activities

Further to its previous efforts, 1G should broadly disseminate scientific information and knowledge,
acquired through the volcano monitoring and analysis, to promote better understanding of the risks
of volcanic disasters among central and local organizations for disaster prevention, local risk

management groups, and residents in high-risk zones.

{4) Implementation of voleanic disaster management
In order to reduce volcanic disasters, volcano monitoring of IG has to be combined with risk
management and emergency response that must be strengthened by Technical Secretariat of Risk

Management and local administrations in volcanic high-risk zones.

5-2 Lessons learned

(1) The research coflaboration between 1G and NIED advanced IG’s volcano research, which
contributed to the achievements of the Project.  Therefore, for a technical cooperation project with
a research institution, a mechanism to promote scientific advancement will enhance the motivation

of counterparts and contribute to achievements of the project.

(2) For a technical cooperation project for natural hazard monitoring and disaster reduction, close
contact between the scientists of the natural hazard monitoring institution and the local
communities/organizations for disaster prevention is important in order to provide information

directly and timely in simple language, which contributes to disaster reduction,
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ANNEX 2
List of Dispatched Experts
Name Field Period Organization
National Research
1 Dr. H1¥OYUR1 Seismic analysis 1 2004. 5. 24-7. 10 In§t1tute for.Earth
Kumagai Science and Disaster
Prevention (NIED)
Dr. Hiroyuki . .
2 . Seismic analysis 2 2004, 10. 18-12.3 [NIED
Kumagai
3 Dr. HI?OYUkl Seismic analysis 3 20056. 2. 21-4. 1 NIED
Kumagai
Dr. Hiroyuki Leader of Installation
4 . of Seismic Observation |2005.11.16~12.23 |NIED
Kumagai
System 1
glMr. Koji Seismic observation 1  |2006.6.19-7.24  |NIED
Mivakawa
Dr. Hiroyuki Leader of Installation
] Foy of Seismic Observation |2006.6.19-7.31 NIED
Kumagai
System 2
Mr. Tadashi .. }
7 . Seismic chservation 2 2006. 6. 25-7. 31 NIED
Yamashina
g|Dr- Hiroyuki |o . iic analysis 4 2006.11.6-12.1  |NIED
Kumagai
9 Er. leOYUkl Seismic analysis 5 2007. 6. 5-6. 29 NIED
umagai
po[Pr- Hiroyuki fo ;o ic analysis 6 2008. 1. 13-2. 1 NIED
Kumagai
ppfifr. Tadashi o ;oo observation 3 |2008.6.23-7.19  [NIED
Yamashina
Dr. Hirovuki Leader of Installation
1207 Foy of Seismic Observation [2008.6.23-7.28 NIED
Kunagai
System 3
13 D Hl¥0YUkl Seismic analysis 7 2008.11. 10-12. 6 |NIED
Kumagai
Dr. Hiromu Volcanic disaster (risis and Environment
14| 2008, 11.20-12. 6 |Management Policy
Okada management ;
Institute
15|Dr Hiroyuki | oot finalization  |2009.4.13-5.1  |NIED

Kumagai
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ANNEX 3
List of Counterpart Trainings in Japan
Name Theme Period Organization of
training
Alexander National Research
. Volcanic observation Institute for Earth
liGarcia— ; 2005.1.22-2. 11 ; .
Aristizabal and data Analysis Science and Disaster
Prevention (NIED)
Claudia Vol ‘¢ ob i
2|Indira Molina| OtC@Nic observalion — longg 7 5.7 39 NIED
Polonia and data analvysis
Pablo Bolivar Seismic observation and
3|Palacios Ivei 2007. 3. 19-4-13 NIED
Palacios anaiysis
Pablo Bolivar Vol ‘¢ observati
4|Palacios Canic observatlon ang7.11.26-12. 21 |NIED
Palacios and data Analysis
Mario Calixtely 1 onic data analysis [2009.3.18-4.4  |NIED

Ruiz Romero
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ANNEX 4
List of Equipments Provided
Equipment Maker Model Quigti ziigvzg
Computer HP ProLiant ML350 G4 2 2005
UPS : 1. BkVA APC BR1500 2 2008
Computer software GEOTECH SMARTGeoHub (TM) Data Server 2 2005
Computer software GEOTECH SMARTGeoViewer (TM) 2 2005
Computer software GEOTECH SMARTConfig 2 2005
Computer software GEOTECH SMARTSOH State—of-Health 2 2005
Computer software GEOTECH SMARTQuake (TM) 2 2005
Computer software GEQOTECH SeisPlus 2 2005
Comptter HP Workstation xw6200 2 2005
upPs 1. 5kVA ABC SUA1000RMI1U 2 2005
Computer software Red Hat Red Hat Linux 9.0 2 2005
Computer software Fujitsu Parallel Fortran & C Package 2 2005
Computer software MathWorks MATLAB, Signal Processing 2 2005
Toolbox

Computer HP Workstation xw6200 2 2005
UPS : 1. BkVA APC SUATO00RMITU 2 2005
Computer software Red Hat Red Hat Linux 9.0 2 2005
Router LINKSYS BEFSX41 1 2005
Network timeserver Masterclock NTP100-GPS 1 2005
Laser printer (black & HP LaserJet 5100dtn 1 2005
Laser printer (colour) HP Business Inkjet 2600dn 1 2005
Laser printer (colour) HP Business Inkjet 2300n 1 2005
Transmitter receiver CISCO SYSTEMS ATR-BR1310G-A-K9-R 45 2005
Switching hub, etc. LINKSYS ETX-SH5 6 2005
Waterproof case TAKACHT OPCP306018G 23 2005
Antenna Create Design 2X2427M-S5 45 2005
Antenna mast (base station) |Create Desian CR-30 1 2005
Antenna mast (repeters) Create Design KT8C-SS 12 2005
2?;22?8 mast (monitoring crente bosian KTEN-SS 10 2005
Arrester unit Create Design 23 2005
Voltage regulator e ing SVC-10000MN-S3 1 2005
Isolation transformer ﬂ:ﬁi;gifzring WTC-BK 1 2005
Distribution panel DENYO ATS100XRC1 1 2005
Power generator DENYO DCA-GESX 1 2005
Charge controller SUNWISE SIGMA 23 2005
Battery GS Yuasa SEB100 57 2005
Solar panel SHELL 5Q-80-P 75 2005
Broad-band seismometer GURALUP CMG-407 11 2005
;\ézrgggizio“ meter: ACO TYPE 7144 10 2005




AT ER2

Equipment Maker Model Quanti Yea; of
ty arrival
Air vibraticen meter: _
amplifier ACO TYPE 3348 10 2005
Digitizer GEOTECH SMART-24 11 2005
Waterproof case Dailite #200 32 2006
Multimeter Fluke 83-5 1 2005
Portable osciloscope Fluke 199B i 2005
Laptop computer HP nx7010 1 2005
Prtable GPS Garmin GPS V 1 2005
Vehicle TOYOTA Casabaca 1 2005
Fransmitter receiver Airava A1108-4858-0N2 18 2008
Protective cover Create Design 17 2008
Voltage transformer ETA Electric SVM-485C-12 17 2008
Industry
Antenna Radio Waves SP3-5. 2 17 2008
Air vibration meter:
microphone ACO TYPE7 144 3 2008
Air vibration meter: wind
screen ACO TYPE NA-0313 3 2008
Air vibration meter: sensor
cable ACO 3 2008
GPS Antenna/receiver GEOTECH 2 2008
Solar panel Shell S}J-80 4 2008
Solar panel stand (For 2 Create Design 2 2008
panels)
Power supply cable for Create Design 2 2008
solar panel
Tower assembly Create Design KTBEN-5S 2 2008
Earth rod Create Design 2 2008
Waterproof case Dailite #200 4 2008
RF Cable Fujikura RG59/U 4 2008
RF Cable YEI DA Wier Cable |CFD-200 2 2008
Transmitter receiver Airaya A1108-4958-0N2 2 2008
Protective cover Create Design 2 2008
Voltage transformer ETA Electric SYM-483C-12 2 2008
Industry
Antenna Radic Waves SP3-5.2 2 2008
Charge controller SUNWIZW PR3030 2008
Battery GS Yuasa SEB10O 2008
Solar panel Shell S]J]-80 4 2008
Salar panel stand Create Design 1 2008
Power supply cable Create Design Smm sq, L20m 1 2008
Tower assembly Create Design KT8C—SS 1 2008
Earth rod Create Design 1 2008
Waterproof case Dailite #200 1 2008

Note: Only equipments with a unit price of 20,000 Japanese Yen or higher are listed
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ANNEX6: List of Counterpart Personnel

A2

Name Post/Position Role in Project Note
Hugo Yepes Director Project Director
Patricio Ramén Researcher Coordination
Patricia Mothes Researcher Coordination
Diego Barba Researcher Coordination Until July, 2008
Jorge Bustilloes Researcher Coordination
Alexandra Alvarado Chief Researcher Coordination
Maric Ruiz Researcher Data Analysis &
Coordination
Pablo Palacios Researcher Data Analysis
Liliana Troncoso Researcher Data Analysis
Monica Segovia Researcher Data Analysis
Indira Molina Researcher Data Analysis Until August,
Alexander Gareila Researcher Data Analysis Until May, 2006

Wilson Enriquez

Chief Technician

Coordination &

Until February,

Euipment 2006
Maintenance
Mayra Vaca Chief Technician Coordination &
Equipment
Maintenance
Cristina Ramos Senior Technician Equipment
Maintenance
Jorge Aguilar Computer Technician Computer
Maintenance
Santiago Arrais Electronic Technician Equipment
Maintenance
Vinicio Céceres Electronic Technician Equipment
Maintenance
Lorena Gomez jurado Electronic Technician Equipment
Mainienance
Christian Cisneros Flectronic Technician Fquipment
Maintenance
Eddy Pinajota Electronic Technician Equipnment
Maintenance
Pablo Marcillo Electronic Technician Equipment
Maintenance
Freddy Vasconez Electronic Technician Equipment
Maintenance
Myriam Paredes Electronic Technician Equipment
Maintenance
Roberto Toapanta Electronic Technician Equipment
Maintenance
Andrés Cadena Electronic Techniecian Equipment Until December,
Maintenance 2007
Fthelwoldo Jua Electronic Technician Equipment Until December,
Maintenance 2007
Carlos Ayol General Affairs Equipment
Maintenance

Pablo Cobacango

Research Student

Data Analysis

Until June 2007

Karla Muela

Research Student

Data Analysis

Daniel Pacheco

Research Student

Data Analysis




ANNEX 7 List of

Volcanic Disaster Prevention Seminars and Meetings

Date Venue Target Audience Number of
participants
November 25, Sangoiqui Organizations for 120
2008 (Chillos disaster prevention
Valley) and the general

public
November 26, Latacunga Organizations for 150
2008 County disaster prevention

and the general

public
November 27, BafiosCounty Organizations for 40
2008 disaster prevention

and the general

public
November 27, BafiosCounty Banios Tourism 20
2008 Association (Camara

de Turismo)
November 28, Penipe County |[Organizations for 60
2008 disaster prevention

and the general

public
December 3, Ibarra County |Organizations for 120
2008 disaster prevention

and the general
public

A2
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ANNEX 8

Potential areas for improvements of 1G's information dissemination activities

The Japanese expert in Volcanic Disaster Management, dispatched to the Project from November
20 to December 6, 2008, pointed out the followings as potential areas for improvements of IG's

information dissemination activities.

1. Displaying realtime visual images of volcanoes in public spaces will be an effective tool not only
for warning of volcanic disasters in emergency situations but also for enhancing understanding and
awareness of local residents as well as disaster prevention authorities in inactive periods toward
volcanoes and their activities. This will be particularly useful for areas where the volcanoes that are

posing risks are not visible from there,

2. The communication with mass media must be handled with an extreme caution at the time of
volcanic crisis in order to avoid their misleading news and reports. To address this issue, it is

important to enhance their scientific knowledge on volcanic activities in inactive periods.

3. Education for children on volcances and their risks is particularly important because some of them
will be future volecanologists and administrators of disaster management. Educational activities such
as visits to IG and volcanoes, contests of paintings on volcanic disasters, and workshops for teachers
will nurture disaster prevention culture among the next generations and, therefore, shall be greatly

encouraged.
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ANNEX 9: List of Publications and Academic Presentations

PUBLICATIONS

Kumagai, H., P. Palacios, T. Maeda, D. Barba Castillec, M. Nakano, 2009
Seismic tracking of lahars using tremor signals, Journal of
Volcanology and Geothermal Research,

doi 10, 1016/ . jvolgeores. 2009. 03. 010, 2009,

Moclina, I., Kumagai, H., Garcia-Aristizabal, A., Nakano, M., Mothes, 2008
P., 2008. Source process of very-long-period events accompanying
long-period sighals at Cotopaxi Volcano, Ecuador, J. Velcanol.
Geotherm. Res. 176, 119-133. 2008

2007
Kumagai, H., H. Yepes, M. Vaca, V. Caceres, T. Nagai, K. Yokoe, T.
Imai, K. Mivakawa, T. Yamashina, S. Arrais, F. Vasconez, E.
Pinajota, C. Cisneros, C. Ramos, M. Paredes, L. Gomezjurado, A.
Garcia~Aristizabal, I. Molina, P. Ramon, M. Segovia, P. Palacios, A.
Alvarado, J. Aguilar, P. Javier, W. Enriquez, P. Mothes, M. Hall, I.
Inoue, M. Nakano, and H, Inoue, Enhancing Volecano-Monitoring
Capabilities in Ecuador, Eos, Transactions, American Geophysical
Union, 88, 245-252, 2007

A, Garcia-Aristizabal, H. Kumagai, P. Samaniego, P. Mothes, H. 2007
Yepes, M. Monzier., 2007. Seismic, petrologic, and geodetic analyses
of the 1999 dome-forming eruption of Guagua Pichincha volcano,
Ecuador, Journal of Volcanology and Geothermal Research, 161, 333-
351

Molina, I, H Kumagai, J.-L. Le Pennec, and M. Hall, 2005, Three— 20056
dimensional P-wave velocity structure of Tungurahua Volcano, Ecuador,
Journal of Volcanology and Geothermal Research, 147, 144-156.

Nakano, M. and H. Kumagai, 2005, Waveform inversion of volcano— 2005
seismic signals assuming possible socurce geometries, Geophysical
Research Letters, 32, L12302, doi:10.1029/2005GL022666.

Molina, I, H. Kumagai and H. Yepes, 2004, Resonances of a volcanic 2004
conduit triggered by repetitive injections of an ash-laden gas,
Geophysical Research Letters, 31, L03603, doi:l10.1029/2003GL018934,
ABSTRACTS PRESENTED AT INTERNATICNAL CONFERENCES
2008

Ruiz, M. C., Arellano, S. R., Characteristics and Distribution of
Infrasound Signals at Tungurahua Volcano, Ecuador, AGU Fall Meeting

Arellano S., M. C. Ruiz, P. Palacios, B. Galle, On the fine 2008
structure of 502 outgassing of Tungurahua Volcano: A
multiparametrical approach, IAVCEI General Assebmly 2008

Kumagai, H., P. Palacios, T. Maeda, D. Barba Castillo, M. Nakano, 2008

Seismic tracking of lahars using tremor singals, IAVCEI General
Assebmly 2008

Ruiz M.C., D. R. Viliagomez, A. Garcia, I. Molina, P. Palacios, D. 2008
Viracucha, J. Johnson, J. Lees, H. Kumagai, Volcano survaillance in
Ecuador during recent eruptive episodes, SSA Spring Meeting

Kumagai, H., H. Yepes, M. Nakano, I. Molina, Vervy—-long—period 2007
signals cbserved immediately before a Vulcanian eruption
accompanying pyroclastic flows at Tungurahua, Ecuador, IUGG General
Assembly 2007
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