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Chapter 1.  Overview of the Project

1.1.  Background of the Project

The Republic of Paraguay set agriculture as one of its main industries, and its soybean products and
export is one of the high productivities in the world. Paraguayan economics is weak because it’s depended
on agricultural productions and international price competitions, the development of Paraguayan economic
is behind even in Latin American and Caribbean regions. The Government of Paraguay (hereinafter referred
as GOP) declared Plan Nacional de Desarrollo Paraguay (hereinafter referred as PND) in January 2014
which included 3 following pillars:

1. Reduction of Poverty;
2. Developments of Socioeconomics; and
3. Expansion into the Global Market.

Competitiveness and Innovations were raised as the 12 Item of the Plan, the development of a space
sector is also enhanced as the part of the Paraguayan economic acceleration.

At the space sector, Paraguayan Space Agency (Agencia Espacial del Paraguay: hereinafter referred as
AEP) which contributes research and development on aerospace, technological innovation and space policy
conductions was established in 2014 based on Plan Estratégico Institucional 2018 — 2023 (hereinafter
referred as PEI) in December 2017. AEP engaged the developments of space activities by PEI. AEP declared
4 middle-long-term strategies, and 17 detailed activity plans and schedules were shown in each item:

1. Contributing to the public-private developments through space developments;
2. Capacity developments for solving faced issues;

3. Developments and preparations for space infrastructures; and

4. Developments of sustainable systems.

In the 1% strategy, developments of essential cutting-edge technologies for space developments,
enhancements to apply and implement space technologies into various fields, such as agriculture-livestock,
mapping, national resource exploration, climate, geology, and environment, through cooperation with
international institutions and companies where written. For the 2" strategy, capacity developments for
researchers and technicians through the cooperation with academia, agencies and domestic and
international institutions were mentioned.

With the Japanese cooperation, the first Paraguayan small satellite “GuaraniSat-1" was released from
Japan Experiment Module (hereinafter referred as JEM), International Space Station (hereinafter referred
as ISS) by the cooperation among AEP, Japan Aerospace Exploration Agency (hereinafter referred as
JAXA) and Kyushu Institute of Technology (hereinafter referred as Kyutech), and it was the Paraguayan
giant first leap into the space in 2021. Japan International Cooperation Agency (hereinafter referred as
JICA) keeps sending and supporting long-term trainees to Kyutech for enhancing small satellite
developments and operations.

AEP is a young agency, capacities of human resources and budgets on developments of space
technologies are limited. Applications and frameworks for decision makers on agriculture-livestock,
disaster management and environmental management are unsatisfied. Under those conditions, the Request
on space enhancement of the abilities on space system developments and satellite data utilizations for
contributing to socioeconomics was submitted to the Government of Japan (hereinafter referred as GOJ)
from GOP.



1.2.  Name of the Project

Project for Management of Space Program Applied to the Socioeconomic Development in the Republic
of Paraguay

1.3.  Overall Goal and Project Purpose of the Project

Table 1.3-1. shows Overall Goal and Project Purpose of the Project.

Table 1.3-1. Overall Goal and Project Purpose

Overall Goal Contribute to the development of national skills in the space sector and strengthen the country's
social, economic, scientific and technological development.

Project Purpose The ability to utilize space-related technologies in Paraguay is strengthened and geospatially
informed decision-making is promoted.

1.4.  Expected Outputs

Table 1.4-1. shows the Outputs of the Project.

Table 1.4-1. Outputs of the Project

QOutput
Output 1 Human resources and infrastructure for AEP upstream and downstream will be strengthened.
Output 2 AEP and related agencies implement pilot projects to improve capacity for analyzing disaster risk and
preventing and responding to natural disasters.
Output 3 AEP and related agencies implement pilot projects to improve capacity for management of agriculture and

livestock information related to productivity and quality of products.

1.5. Sites of the Project

Table 1.5-1. shows the sites of the Project. also, Fig. 1.5-1. And Fig. 1.5-2. Show site maps.

Table 1.5-1. Sites of the Project

Name Site
AEP Headquarters & GEOLab Asuncién
SPACELab Universidad Nacional de Asuncién, San Lorenzo City
Pilot Project Site (Disaster) Bafiado District, Asuncion
Pilot Project Site (Agriculture-livestock) Caaguazu District
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1.6. Implementing Agency of the Project

Paraguayan Space Agency (AEP: Agencia Espacial del Paraguay)

1.7.  Working Groups of the Project

For Outputs 2 and 3, the Project Team invited relevant ministries and agencies to establish Worling
Groups for Disaster Management and Agriculture-livestock for making and setting purposes clear, sharing
advices and interpretations on satellite data analysis techniques and application developments, having
supports for field survey activities, discussions on the analysis results and letting AEP Team and Working
Group (hereinafter referred as WG) members cooperate to develop and utilize satellite data applications
sustainably even after the Project terminated. The Project Team received enough understood and
cooperation from WG members because of AEP’s proactive activities through the Project, and the Project
Team conducted technical transfers and active discussions of satellite data analysis methods and
interpretations. Moreover, derived projects were also released and conducted through the activities by AEP
Team and relevant ministries and agencies. WG for Output was not established because Output 1 was
designed for improvements of capacities for space system developments and operations without
cooperation with relevant ministries and agencies. Table 1.7-1. and Table 1.7-2. show members of WGs.

Table 1.7-1. Working Group for Disaster Management

Member Role
AEP Coordination, satellite data analysis and field survey
SEN: National Emergency Secretary Sharing interpretation about disaster responses, considering utilizations of
hazard maps
MOPC: Ministry of Public Works and Sharing interpretation about urban infrastructure, considering utilizations
Communication of hazard maps
INE: National Institute of Statistics Sharing civil and statistical information such as population
MADES: Ministry of Environment and Sharing interpretation and information about climate change and natural
Sustainable Development disasters
DMH: Director of Meteorology and Hydrology Sharing weather data
UNA: National University of Asuncién Sharing academic points of view (natural science)
UCA: Catholic University Sharing academic points of view (infrastructure)
PTI-ITAIPU Sharing knowledge about spatial information analysis

Table 1.7-2. Working Group for Agriculture-livestock

Member Role

AEP Coordination, satellite data analysis and field survey

MAG: Ministry of Agriculture and Livestock Sharing interpretation about agricultural policies and considering satellite
data utilizations

SENAVE: National Plant, Seed Quality and Providing the target site, supporting field survey, considering satellite

Health Service data analysis and applications

INDERT: National Institute for Rural Sharing information about agricultural development at rural sites

and Land Development

INE: National Institute of Statistics Sharing civil and statistical information such as population and
agricultural products

MADES: Ministry of Environment and Sharing information about developments and protections of environment

Sustainable Development
DMH: Director of Meteorology and Hydrology Sharing weather data

UNA: National University of Asuncién Sharing academic points of view (agriculture)

UCA: Catholic University Sharing academic points of view (agriculture)
PTI-ITAIPU Sharing knowledge about spatial information analysis
IPTA: Paraguayan Institute of Agricultural Sharing knowledge on the agricultural sector
Technology




Table 1.7-3. Derived Projects

Project Content Project Member
Tomato Planting Monitoring To estimate areas of tomato fields by creating | AEP and SENAVE
land coverage maps with satellite data
Planning for Development of To plan to develop an integration data AEP, INE and others
Data Infrastructure platform for statistical and geographic
information system (GIS) data

1.8. Period of the Project

The Project was conducted between October 2023 and October 2025. Fig. 1.8-1. shows the
implementation plan.
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1.9. Implementation Structure of the Project

The President of AEP was set as the Chair of Joint Coordination Committee (hereinafter referred as JCC).
Director of GEOLab, AEP from Paraguayan Side was set as the Project Manager of JCC. Colleagues of
SPACELab and GEOLab were set as technical members of JCC. JICA Paraguay Office and JICA
Consultant Team were set as members from Japan.

The President of AEP was set as the Project Manager of the Project Team. Director of GEOLab was set
as the Project Manager of the Project Team. Colleagues of SPACELab and GEOLab and JICA Consultant
Team were set as members of the Project Team.

JCC members invited relevant ministries and agencies who contribute to socioeconomic issues especially
on disaster management and agriculture-livestock directly as observers for JCC, and they reflect
expectations and requests by relevant ministries and agencies to the operation of the Project. Those relevant
ministries and agencies, moreover, joined as members of Working Groups. The Project Team deepened
discussions about specific utilization methods in Working Group (Disaster Management), and the Project
Team established soybean monitoring methods and revised and improved their methods through the
observations and field survey for 2-season. Fig. 1.9-1. shows the Implementation Structure of the Project.
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Fig. 1.9-1. Implementation Structure

1.10. Implementation Methods of the Project

“Satellite Developments”, “Satellite Data Utilizations”, “Disaster Managements”, “Agriculture-
livestock™ and “Capacity Developments” were keywords of the Project. “Satellite Developments” was an
expected item to be accelerated by PEI and the Project. Also, the Project focused on “Satellite Data
Utilizations” especially applications for “Natural Disasters” such as heatwaves, floods, droughts and forest



fires, and for “Agriculture-livestock”, the main industry in Paraguay. Those topics are affected by climate
change these days. In the Project, both AEP Colleagues and JICA Consultant Team worked to enhance
Paraguayan satellite data analysis techniques, and the Project Team contributed to applying those
techniques into agriculture-livestock and disaster management sectors for mitigating and reducing impacts
of climate change. Table 1.4-1. shows Outputs of the Project. The Project Team, moreover, achieved Goal
2 (Zero Hunger), Goal 11 (Sustainable Cities and Communities) and Goal 13 (Climate Action) of
Sustainable Development Goals (hereinafter referred as SDGs) through all activities of the Project (Fig.
1.10-1.). Satellite data utilizations for disaster management sectors are expected to contribute to sustainable
urban plannings and sustainable cities and communications. Satellite data utilizations for agriculture-
livestock sectors are expected to contribute to stable and sustainable productivities. Disaster management
and agriculture-livestock sectors are expected receive huge impacts from climate change. Developing
capacities who contribute to small satellite developments and satellite data utilizations leads the
enhancement s of socioeconomics in Paraguay.

Preparatory Study for Planning of Satellite Technology-related Facilities in Paraguay (hereinafter
referred as “Preparatory Survey”) was begun since December 2024. Preparatory Survey was designed to
scrutinize validities of installations of satellite technology-related facilities, and it was to make the outline
plan and calculate the approximate project cost of the Grant Aid. The Project was also designed to develop
the Space Program which contributes to enhancing socioeconomic in Paraguay through the activities of
discussions among relevant ministries and agencies and technical transfers, such as Pilot Projects for
Disaster Management and Agriculture-livestock and Knowledge Co-Creation Programs (hereinafter
referred as KCCP(s)) for satellite data utilizations and satellite system development including GuaraniSat-
2 Engineering Model Test in Japan. JICA Consultant Team accelerated the space cooperation between Japan
and Paraguay by sharing information and collaborating survey activities with the Team of Preparatory
Survey through providing the technical association methods.

‘|3 CLIMATE
ACTION

Fig. 1.10-1. Goals of SDGs Which the Project Aimed

Chapter 2.  Current Status of Space Policy in Paraguay
2.1.  Current Status of AEP

AEP was declared and established by “Ley 5151 (Law No. 5151), and AEP supervised by the Presidency
Office of Paraguay.

AEP has joined BIRDS Project (Joint Global Multi Nation Birds), which Kyutech promotes academic
satellite developments project for enhancing non-advanced-space-technology countries. As one of the
results, GuaraniSat-1, the first small satellite of Paraguay, was released into the space environment from
Japan Experiment Module (hereinafter referred as JEM), the International Space Station (hereinafter
referred as ISS) on March 14, 2021. The missions of GuaraniSat-1 were demonstrations of remote sensing
technologies and Perovskite Solar Power System.

AEP, also, conducts to a joint development of a 6-U-sized-small-satellite with an IoT mission with
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Japanese company, ArkEdge Space. AEP joins a small satellite mission, named KITSUNE conducted by
Kyutech.

AEP has a plant to hire 1 or 2 new technical colleagues for SPACELab and GEOLab annually, and they
are ambitious to strength as 22 colleagues at SPACELab and 24 colleagues at GEOLab until 2031.

According to the current organizational structure of AEP, 2 technical departments of AEP exist: General
Directorate of Planning and Management and General Directorate of Aerospace Execution and
Development. However, SPACELab on the campus of UNA for small satellite developments and operations
and GEOLab in the building of Ministry of National Defense in Asuncion actually exist, and they conduct
their own responsibilities.

As a future organizational structure, AEP has a strategy to organize SPACELab for space system
developments and operations, and GEOLab for satellite data utilizations as the actual status of AEP.

SPACELab would conduct 5 departments: Department of Education and Outreach; Department of Space
System Research; Department of Technological Development; Department of Industrial Development and
Department of Space Operation.

GEOLab would conduct 4 departments: Department of Earth Science Research; Department of Earth
Science Solution Development; Department of Geospatial Monitoring and Alerts and Department of Earth
Observation, GNSS and GIS.

Roles of SPACELab and GEOLab would be classified clearly, advancement and utilizations of science
and technologies which contribute to socioeconomic developments in Paraguay are expected through
operating both space system developments and utilizations as like two-wheel. Fig. 2.1-1. and Fig. 2.1-2.
show the current (as of 2025) and the future (expected in 2028) structures of AEP.
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2.2.  Space Policy in Paraguay

Interests in advancing science and technology in global and applications and solutions for agriculture-
livestock and disaster managements by space technologies were raised higher although the space
technology as primitive and following footsteps. GOP established AEP as the specialized agency for
advancing space technologies in authentic in 2014. AEP was allocated the national budget, and AEP began
to its activities.

1. GOP declared Plan National de Desarrollo Paraguay 2030 in December 2014, space
technology developments were also conducted as a part of the strategies through the following
activities:

Reduction of poverty and developments of society;
Inclusive economic growth;
Expansion to the world; and

5. Competitiveness and innovation.

GOP also declared PEI. AEP promotes to advance the national level of space activities by following PEIL
AEP shows activity items and the schedule by following strategic pillars shown Plan National de Desarrollo
Paraguay 2030:

1. Contributions to developing public and private sectors through aerospace system

developments;

2. Capacity developments for people who can contribute to urgent issues;

3. Developments of space infrastructure; and

4. Developments of sustainable systems.

Developments of cutting-edge technologies required for space system developments, applications with
space technologies for public and private sectors which contribute to various fields, such as agriculture-
livestock, mapping, mineral explorations, climate, geology and environment, promotions to social
implementations, and strengths of cooperation with international agencies, private companies were referred
and included by the 1* pillar, above. Capacity developments by cooperation with academia, governmental
agencies and domestic/international institutions for enhancing researchers and engineers on space
technology developments were also shown by the 2™ pillar, above.

GOP, moreover, declared Draft of Strategic Plan 2024-2033 in 2024. Table 2.2-1. shows the purposes on
the document.

e

Table 2.2-1. Purposes of the Strategic Plan 2024-2033

Purpose Summary
1 | Enhancement of Reducing technical dependence by improving own abilities of space technology
Independency and development
Establishment of National Developing sustainable technical capacities by developments and operations of Earth
Space Technology observation satellites
2 | Applications for agriculture, | Satellite data utilizations for agricultural enhancement and optimizations
environment and disaster Satellite data utilizations for preparations for climate change, floods and droughts
management
3 |Education and Capacity STEM educations for young generation and capacity developments for space technologies
Developments in Paraguay
Strengthening cooperation with universities and research institutions in Paraguay
4 |Promotions of International | International engagements through attendances to Committee on the Peaceful of Outer
Cooperation and Space Space (hereinafter referred as COPUOS)
Diplomacies Joint developments of small satellites and human resource exchanges with friendly nations
such as Japan, Taiwan and United States

Japanese technical assistance beside the Project, Paraguay had a giant leap to the space activities through
releasing their first small satellite, GuaraniSat-1 from JEM, ISS in 2021 by cooperation among AEP, JAXA
and Kyutech. Capacity development programs on small satellite developments at Kyutech have still been
continued until nowadays.

Moreover, Preparatory Survey was begun by JICA in 2024. Preparatory Survey is conducted with the
aim of creating an environment for developments, testing and operations of small satellites in order to
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Paraguay to develop space technologies independently and sustainably, and space technologies contribute
to promoting the developments socioeconomics in Paraguay. The Project and Preparatory Survey are as
two-wheel to enhance Paraguayan space technologies from both sides of techniques and facilities, and both
projects promote AEP as a hub between space technologies and cooperation with relevant ministries and
agencies applying and contributing to socioeconomic especially disaster management and agriculture-
livestock issues by utilizing space technologies as keywords.

Agriculture-livestock occupies 10% of GDP and 60% of export volumes in Paraguay', it is easy to receive
impacts by droughts and floods which would be caused by climate change, and the industrial vulnerabilities
are pointed. Developments of mitigations of climate change are urgent matters for agriculture-livestock in
Paraguay. AEP contributes to improving productivities and quality improvements of the agricultural
products through providing appropriate mitigation methods for climate change by satellite data utilizations.
In addition, AEP is expected to contribute to safe civilian lives through applying satellite data utilizations
on early warning systems and damage reductions as disaster preventions and mitigations. AEP, moreover,
promotes space technical innovations through international space cooperation and with governments,
privates and academia in Japan and Latin American and Caribbean countries. Those activities follow
National Strategic Plan 2023, PEI and AEP Low (Ley 5151 (Low No. 5151)), and Paraguay also expect the
results through them.

Fig. 2.2-1. Shows the technical enhancement by the Project and AEP’ role as Space Tech Hub among
domestic and international cooperation

Contributing Socioeconomics in Paraguay & LAC as Space Tech Hub
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Fig. 2.2-1. AEP’ Role as Space Tech Hub by Public-Private-Academia Space Cooperation with
Japan

! https://tradingeconomics.com/paraguay/agriculture-value-added-percent-of-gdp-wb-data.html

15



Chapter 3.  Activities and Outputs of the Project

3.1. Inputs from Japanese and Paraguayan Sides

By appropriate inputs from Japanese and Paraguayan sides, the Project was operated smoothly. 3.3.1.
and 3.3.2 show the results of inputs from both Japanese and Paraguayan sides.

3.1.1. Results of Inputs from Japanese Side

For the operation of the Project, Japanese side inputted items shown below:
1.  Experts;
2. Technical Transfers to AEP Team;
3. Procurements of Equipment; and
4. Procurements of Satellite Data.
Experts developed a consortium among 3 organizations and company and engaged the Project. Table
3.1.1-1. shows Experts.

Table 3.1.1-1. Experts
1 Name/Affiliation | Shinsaku Nakamura/Japan Space Systems
In Charge Chief Expert/Survey and Analysis
Main Activities e  Conduct meetings
Evaluate satellite data analysis methods and tools at AEP
Make policies for the enhancements based on the evaluation results about AEP facilities
Provide training programs for satellite data analysis and applications
Conduct Baseline and Endline Survey
e Compile Reports
Trips 1% Trip: November 19 — December 9, 2023
2" Trip: April 14 — April 29, 2024
3t Trip: February 19 —March 2, 2025
4™ Tri: August 30 — September 15, 2025
2 | Name/Affiliation | Kei Sato/PASCO CORPORATION
In Charge Vice-chief/Satellite Data Utilizations for Disaster Management
Main Activities e  Conduct meetings
e  Conduct activities for Output 2
e Compile Reports
Trips 1% Trip: November 19 — December 9, 2023
27 Trip: April 5 — April 29, 2024
3t Trip: January 31 — February 24, 2025
4™ Trip: August 30 — September 16, 2025
3 Name/Affiliation | Yoshinori Kobayashi/Japan Space Forum
In Charge Planning Satellite Data Utilizations
Main Activities e  Provide training programs on small satellite developments and operations
e  Provide a training program on satellite data utilizations
e  Provide networking opportunities among AEP and Japanese ministries/agencies, academia
and private companies
Trips 1% Trip: November 24 — December 9, 2023
2" Trip: April 12 — April 29, 2024
3t Trip: -
4" Trip: September 2 — September 16, 2025
4 Name/Affiliation | Atsushi Kimura/PASCO CORPORATION

In Charge Satellite Data Utilizations for Agriculture-livestock A
Main Activities e Conduct activities for Output 3
e Conduct and manage schedule for Pilot Project for Agriculture-livestock
Trips 15 Trip: November 19 — December 9, 2023
2" Trip: -
3 Trip: -

4™ Trip: September 6 — September 17, 2025
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5 Name/Affiliation | Akie Koga /PASCO CORPORATION

In Charge Satellite Data Utilizations for Agriculture-livestock B
Main Activities e  Conduct activities for Output 3

e Support smooth operation of Pilot Project for Agriculture-livestock
Trips 18 Trip: -

2% Trip: April 5 — April 19, 2024
3 Trip: February 5 — February 24, 2025
4™ Trip: September 4 — September 17, 2025

Table 3.1.1-2. shows equipment procured in the Project. All equipment was handover on August 19, 2024,
the first day of KCCP for Downstream.

Table 3.1.1-2. Equipment Procured in the Project

# Equipment Detailed Purpose Qty
1 GNSS Receiver GARMIN ETREX 32X GPS logger for field survey 1
2 GNSS Receiver GlobalSat BU-353N5 GPS logger for data analysis 1
3 HDD ADATA HV300 (2TB) HDD as a satellite data archive system 1

Table 3.1.1-3. and Table 3.1.1-4. show satellite data procured in the Project. All satellite datasets were
handover through the Project appropriately.

Table 3.1.1-3. Satellite Data for Agriculture-livestock: PlanetScope

No. Scene ID Observation Time (UTC) Thu]'nbnail
1 | 20220924 134437 75 2407 %(3):242‘;:0397-24
2 | 20221002_125613_83 2432 %212526-:1103-02
3 | 20221008 133906 06 227b ?(3):2329-:1006-08
4 | 20221023 125228 19 2453 %2:2522-:12%23
5 | 20221026_125132_06_2460 %2:2521-:13%-26
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6 | 20221103 125430 21 2431 52?524;:1310-03
7 | 20221106 125007 34 241b %2:2526:1017_06
8 | 20221116 132619 92 2484 %(3):2226-:1119-16
9 | 20221119 133554 31 2416 %‘3):2325-:15{‘:19
10 | 20221127 132711 _03_2490 %(3):2227-:1111-27
M P § I P M T e
11 | 20221214 134644 99 2413 ?(3’:256-:14%4-14
12 | 20221220 125200 13 2430 %2:2522-:1020-20
13 | 20221227 125319 27 2453 ?2:2523_:1129_27
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14 | 20230104 124939 36 2423 %22439031904
15 | 20230117 _132847 92 249d %22238(21717
16 | 20230124 132900 38 248c %(3):2239-:0010-24
17 | 20230204 125233_06_241f %212532-:0323-04
18 | 20230209 132737 43 249b %(3):2237-:0327-09
19 | 20230218 125529 09 2439 ?(2’:2535-:0229-18
20 | 20240228 130410 26 24ba %(3’:2;‘;?120-28
21 | 20240312_135833_70_24f6 ?(3)2;8()333112
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22 | 20240320 140042 61 24d3 %2:26‘62132-20
23 | 20240328 134643 23 2424 %23216-233-28
24 | 20240403 135812 82 2498 %‘3):25‘;0142-03
25 | 20240418 130837 67 24c7 %(3):25‘2;:0347-18
26 | 20240429 135814 33 24eb %(3):2542;:01‘229
27 | 20240507 140136 63 2483 ?2:25‘1-:0356-07
28 | 20240522 140212 14 2484 ?2:2;2-?152-22
29 | 20240531 130804 86 24cd %2:25‘5;?54-31
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2024-06-02

30 | 20240602 140204 09 24d3 o
31 | 20240906 142005 17 2470 %2:2246:0095_06
32 | 20240930 141057 04 24d6 %2:214(;:0597-30
33 | 20240930 141058 94 24d6 %2:214(;:0598-30
34 | 20241013 135951 86 24bd %(3):2549-:1501-13
35| 20241022 140645 72 2516 ?2:25‘6-:1405-22
36 | 20241027 140523 15 24de %2:25‘5-:1203-27
37 | 20241029 140405 73 24d7 ?2:2(;2:1005_29
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38 | 20241109 140822 80 251c %2:26‘8-:1212-09
39 | 20241113 _131859_45_24d0 %2;2148_;1519'13
40 | 20241116_131929 11 24al %(3):2149-:1219-16
41 | 20241126 140257 07 24df %2:25‘2-:1517-26
42 | 20241211 132059 86 2417 %(3):224(;:1529-11
43 | 20241217 132527 58 24ce ?(3’:2245-:1227-17
44 | 20241223 140825 06 24b7 ?2:2;8-:1225-23
45 | 20241227 140601 28 24fa %2:2;6-:1021-27
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46 | 20250101 140635 83 24e0 %22056%1501
47 | 20250104 140508 83 2521 %2:2055-?018-04
48 | 20250108 140835 _63_24c6 %2:205;)315-08
49 | 20250111 140626 66 24e6 %2:2056-:0216-11
50 | 20250116 140739 39 2523 %2:2057-:0319-16
51| 20250121 140605 80 24dd %2:2056-:0015-21
52 | 20250202 132959 19 24c3 %(3’:2259-:9529-02
53 | 20250225 140755 45 24df fgz()57052525

23




2025-03-18
54 | 20250318 140839 29 24ed 14:08:39
2025-03-30
55 | 20250330 140608 20 2515 14:06:08
2025-04-11
56 | 20250411 141941 42 2504 14:19-41
2025-04-20
57 | 20250420 140915 07 24db 14:09:15
2025-05-01
58 | 20250501 142045 29 2541 1420-45
2025-05-11
59 | 20250511 134516 92 24b4 13:45:16
byt ety § JSIN el M s e
2025-05-19
60 | 20250519 141424 73 24d7 14-14:24

Scene IDs were collected from metadata.json files, and observation times were referred acquired values on metadata.json files.
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Table 3.1.1-4. Satellite Data Procured for Agriculture-livestock: GRUS

No. Scene ID Observation Time (UTC) Thumbnail
1 | 2261301354880 %2:2149-:14(;-02
2| 2264522332560 %2:214‘;:13(:05
3 | 2276333252528 %2:2141-:1006-16
4 | 2279554230816 %2:2346-:1303-19
5 | 2288144998640 ?2:214(;:1402-27
6 | 2290292477984 %2:2147-:1109-29
7 | 2295660948800 %2:2147-:1513-03
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8 | 2307471886992 %2:2146:1119-14
9 | 2320357353664 %2:2146:1117_26
10 | 2325725820384 %2:2519-:1322-01
11 | 2343978708560 %2:234;:12%4-18
12 | 2354716953568 %2:2(;17-:1429-28
13 | 2382633696688 ?2:2157-:0012-23
14 | 2383707438496 ?2:2159-?3{4-24

Scene IDs were referred captureld values from metadata.json files, and observation times were referred acquisitionStartDateTime
values on metadata.json files.
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3.1.2. Results of Inputs from Paraguayan Side

For the operation of the Project, Paraguayan side inputted items shown below:

1.  Staffing;

VIR

Arrangements with relevant ministries and agencies;
Arrangements with other cooperation agencies;

Sharing required data;
Arrangements of an office for Experts; and
Necessary expenses for other items which the Project did not cover.

Counterparts of the Project were SPACELab for small satellite developments and GEOLab for satellite

data utilizations.

3.2

Revision History of PDM

Table 3.2-1. shows the first version of PDM. Table 3.2.2. also shows the revision history of PDM.

Table 3.2-1. PD

M (First Version)

development of national
skills in the space sector and
strengthen the country's
social, economic, scientific
and technological
development

space related technology in
public and private sector

2. # of public data based on
geospatial information

3. # of users of data provided

- Report from AEP and/or
other institutions

Narrative Summary Objectively Verification Means of Verification Important Assumption
Indicators
Overall Goal
Contribute to the 1. # of projects utilizing - Government Statistics Mechanism of data provision

for governmental statistics or
decision-making process is
well established.

Project Purpose

The ability to utilize space-

1. # of interagency projects

Government Statistics,

agencies implement pilot
projects to improve capacity
for management of
agriculture and livestock
information related to
productivity and quality of
products.

# of PoC, # of practical plans
from activity, # of papers and
reports related to activity

related technologies in in which AEP was involved | Project Report
Paraguay is strengthened and | 2. # of value-added products
geospatially informed based on satellite data by
decision-making is AEP
promoted.
Outputs
Outputl: Human resources 1-1.  # of trained persons Project Report - Counterpart personnel is
and infrastructure for AEP considering gender continuously secured
upstream and downstream balance properly
will be strengthened. 1-2.  # of seminars and - Other institutions, such as
workshops government and universities
1-3.  satisfaction of accept involvement of pilot
seminars and projects.
workshops
Output2: AEP and related Same as 1-1, 1-2, 1-3 Project Report - Counterpart personnel is
agencies implement pilot # of PoC, # of practical plans continuously secured
projects to improve capacity | from activity, # of papers and properly
for analyzing disaster reports related to activity - Other institutions, such as
risk,and preventing and government and universities
responding to natural accept involvement of pilot
disasters. projects.
Output3: AEP and related Same as 1-1, 1-2, 1-3 Project Report - Counterpart personnel is

continuously secured
properly

- Other institutions, such as
government and universities
accept involvement of pilot
projects.
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Activities

Inputs

Japanese Side

Paraguayan Side

Important Assumption

1-1: Conduct an evaluation
of AEP's existing technical
methods and tools and make
recommendations for future
planning

1-2: Develop enhancement
plan based on a diagnosis of
the infrastructure available in
the AEP.

1-3: Provide training in
satellite development and
operations.

1-4. Provide training in
satellite data and other
processing and applications.

1-5. Liaison between AEP
and Japanese govermental
institutions, universities, and
private companies.

2-1: Set up working groups
consisting of AEP and
related organizations to
identify issues and
implement pilot projects.

2-2: Identify issues where
space-related technologies
can be effectively applied in
the field of disaster risk
reduction

2-3. Determine scope for
applying space-related

technologies to the issues
and Design pilot projects

2-4. Develop plan and
procure equipments
(hardware and software) for
satellite imagery and data
processing

2-5. Train personnel in the
use of tools, methods, and

techniques for disaster risk
reduction.

2-6. Implement pilot projects
with existing agreements
with academia and other
governmental and non-
governmental organizations

2-7. Publish results of pilot
projects locally and
internationally.

3-1: Set up working groups
consisting of AEP and
related organizations to
identify issues and
implement pilot projects.

3-2: Identify issues where
space-related technologies
can be effectively applied in
the agriculture and
livestock sector.

3-3. Determine scope for
applying space-related

- Short-term experts (Data
utilization planning, Satellite
development/testing, Data
utilization in disaster risk
reduction/agriculture and
livestock sector)

- Training for Counterpart
Personnel in Japan

- Local cost for the activities

- Allocation of counterpart
personnel

- Coordination among
ministries and organizations

- Arrangements between
projects with other
development partners, etc.

- Arrangements for providing
necessary data

- Office space for Japanese
professionals

- Local costs (maintenance
costs for existing equipment
not covered by JICA support,
meeting preparation costs,
operating costs required for
the project, etc.)

Pre-conditions
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technologies to the issues
and Design pilot projects

3-4. Develop plan and
procure equipments
(hardware and software) for
satellite imagery and data
processing

3-5. Train personnel in the
use of tools, methods, and
techniques to improve
productivity and quality in
agriculture and livestock
sector.

3-6. Implement pilot projects
with existing agreements
with academia and other
governmental and non-
governmental organizations

3-7. Publish results of pilot
projects locally and

internationally.
Table 3.2-2. Revisions of PDM
Revision
Ver. Date Ttem Content Reason
1.0 June 19, 2023 - First Version
1.5 | December 5, 2023 | Period of Project | Revised as “October 2023 and September 2025” | Due to following the
from “September 2023 and August 2025 beginning date of the
Project
Indicators Revised as “Number of value-added products | To contribute to

based on satellite data by AEP” from “Number of
value-added satellite data products in and beside
pilot projects by GEOLab, AEP”.

enhancing satellite data
analysis techniques at
GEOLab.

Added “Number of Paraguayan staff have training
programs in Japan and Paraguay”.

To confirm the results of
training programs.

Activity 1-2

Revised as “Develop enhancement plan based on a
diagnosis of GEOLab, AEP” from ‘“Develop
enhancement plan based on a diagnosis of the
infrastructure available in the AEP”.

To make the
enhancement of satellite
data analysis techniques
as the main pillar.

Activity 1-3

Revised as “Provide hands-on training in satellite
development, especially testing EM of Guaranisat-
2 (Plan A: enhancing facility and having tests at
SPACELab, or Plan B: sending 2-staff and having
tests at Kyutech)” from ‘“Provide training in
satellite development and operations”.

Both Japanese and
Paraguayan sides began
to consider GuaraniSat-
2 EM Testing. Options
were raised, and both

Japanese and
Paraguayan sides would
have  discuss  how

realize the testing.

Activity 2-4

Revised as “Develop plan and procure equipment

To add satellite data

(hardware and software) for satellite imagery and | collecting/processing.
data collecting/processing” from “Develop plan
and procure equipment (hardware and software)
for satellite imagery and data processing”.
Activity 2-6 Revised as “Implement pilot projects with Working | To add WG and confirm

Group and existing agreements with academia and
other governmental and non-governmental
organizations” from “Implement pilot projects
with existing agreements with academia and other
governmental and non-governmental
organizations”.

WG to operate Pilot
Project.

Activity 3-4

Revised as “Develop plan and procure equipment
(hardware and software) for satellite imagery and

To add satellite data
collecting/processing.
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data collecting/processing” from “Develop plan
and procure equipment (hardware and software)
for satellite imagery and data processing”.

Activity 3-6

Revised as “Implement pilot projects with Working
Group and existing agreements with academia and
other governmental and non-governmental
organizations” from “Implement pilot projects
with existing agreements with academia and other
governmental and non-governmental
organizations”.

To add WG and confirm
WG to operate Pilot
Project.

2.0 | April 25,2024

Activity 1-3

Revised as “Provide 6-month hands-on training in
satellite development, including testing EM of
Guaranisat-2 at Kyutech between October 2024
and March 2025 from “Provide hands-on training
in satellite development, especially testing EM of
Guaranisat-2 (Plan A: enhancing facility and
having tests at SPACELab, or Plan B: sending 2-
staff and having tests at Kyutech)”.

To confirm the activity
through discussions
after the First Meeting
of JCC.

2.1 February 19, 2025

Activity 1-3

Revised as “Provide 6-month hands-on training in
satellite development, including testing EM of
Guaranisat-2 at Kyutech between October 2024
and May 2025” from “Provide 6-month hands-on
training in satellite development, including testing
EM of Guaranisat-2 at Kyutech between October
2024 and March 2025

To reflect the updated
schedule due to the
delay of GuaraniSat-2
EM Development.

3.3.  Outputs of Activities

3.3.1.

Creations and Discussions of Inception Report and Work Plan

Inception Report and Work Plan were submitted on November 21, 2023. Work Plan was confirmed at
the First Meeting of JCC on December 5, 2023.

3.3.2. Progress Reports and Project Completion Report

Table 3.3.2-1. shows overviews of Progress Reports and Project Completion Report.

Table 3.3.2-1. List of Reports

Report

Submission Date

Overview

Progress Report (Vol. 1)

February 20, 2023

Project. Main activities:
e  First Meeting of JCC
e Revised PDM (ver. 1.5)
e  Activities in the 1% Trip

To report all activities until February 2024 since the beginning of the

e Preparations for establishments of WGs

Progress Report (Vol. 2)

September 9, 2024

activities:

e  Second Meeting of JCC
Revised PDM (ver. 2.0)
Activities in the 2" Trip
Establishments of WGs

Baseline Survey
KCCP for Downstream

To report activities between March 2024 and August 2024. Main

Progress Report (Vol. 3)

March 31, 2025 T

[
[
[
e  Field Survey
[
[
o

e Third Meeting of JCC
e Workshop
e KCCP for Downstream

report September 2024 and March 2025. Main activities:
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e  KCCP for Upstream

e  Pilot Project (Disaster Management)

e Pilot Project (Agriculture-livestock)

Draft Project Completion Report | First Submission on | To report all activities about the Project. Both JICA Consultant Team
June 27, 2025 and AEP Team updated their activities.

Project Completion Report Final Submission on | To report all activities about the Project.

September 26, 2025

3.3.3. Baseline Survey and Endline Survey

To evaluate the results of the Project for setting the targets of future space strategic plans in Paraguay,
JICA Consultant Team and AEP Team conducted Baseline Survey and Endline Survey. Baseline Survey
and Endline Survey were conducted as parts of Activity 1-1, AEP’s whole activities including developments
and operations of small satellites and satellite data utilizations were set as targets of those survey.

JICA Consultant Team and AEP Team made questionnaire sheets after the First Meeting of JCC. They
reported as the results of Baseline Survey at the end of March 2024. Table 3.3.3-1. shows the schedule of
Baseline Survey.

Table 3.3.3-1. Schedule of Baseline Survey

# Activity Period Notice

1 | Making Questionnaire January 10 — February 23, 2024 Translated in Spanish
2 | Online Survey February 26 — March 8, 2024

3 | Evaluate Answers March 11 — March 22, 2024

4 | Report March 29, 2024

For the baseline survey, the questionnaire was developed through consultations between the JICA
consultant team and AEP, and the survey was conducted by AEP. JICA Consultant Team and AEP Team
worked together to collect answers, evaluate, analyze and make the report.

JICA Consultant Team and AEP Team conducted Endline Survey after the Third Meeting of JCC. For
ensuring objectivity and fairness in the evaluation, the survey was outsourced to and conducted by UNA as
an independent third party. The questionnaire was made based on the one which JICA Consultant Team and
AEP Team used for Baseline Survey, and UNA added more for evaluating the status at the end of the Project.
the survey was conducted in April and May, and the report was submitted on June 20, 2025. Table 3.3.3-2.
shows the schedule of Endline Survey.

Table 3.3.3-2. Schedule of Endline Survey

# Activity Period Notice
1 | Making Questionnaire April 22 — May 2, 2025

2 | Online Survey May 5 — May 21, 2025

3 | Evaluate Answers May 21 — June. 13, 2025

4 | Report June 20, 2025

Annex 6 and Annex 7 show the results of Baseline Survey and Endline Survey respectively.
The results of this survey are described under each output in the following sections.

3.3.4. Meetings of Joint Coordinate Committee

JICA Consultant Team and AEP Team conducted the meetings of JCC 4-time. Table 3.3.4-1. shows the
overview of the meetings of JCC.
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Table 3.3.4-1. Overviews of Meetings of JCC
Time Date Location Content
First December 5, 2023 Hilton Asuncion Confirmation of Work Plan
Revision of PDM (ver. 1.5)

Second | April 24, 2024 Consejo Nacional de Ciencia y Tecnologia Confirmation of Activities
Revision of PDM (ver. 2.0)

Third February 19, 2025 Ministerio de Industria y Comercio Confirmation of Activities
Held with Workshop for sharing results of
Pilot Projects and Preparatory Survey

Final September 12, 2025 | La Mision Hotel Confirmation of all outputs
Confirmation of Action Plan
Confirmation of Project Completion Report

3.3.5. Monitoring and Monitoring Sheets

JICA Consultant Team and AEP Team made Monitoring Sheets and reported to JICA Paraguay Office.
Table 3.3.5-1. shows the overviews of Monitoring Sheets.

Table 3.3.5-1. List of Monitoring Sheet
# Date Content
1 | March 3, 2024 To monitor activities until March 2024 since the beginning of the Project. Main activities:
e  Activities in the 1% Trip
e  The First Meeting of JCC
e  Baseline Survey
e Preparations for establishments of WGs
2 | September 18, 2024 To monitor activities between April and September 2024. Main activities:
e Activities in the 2" Trip
e  The Second Meeting of JCC
e  KCCPs for both Upstream and Downstream
e  Results of presurvey for operations of Pilot Projects for both disaster management and
agriculture-livestock
3 | March 31, 2025 To monitor activities between October and February 2025. Main activities:
e Activities in the 3" Trip
e The Third Meeting of JCC
e  KCCPs for both Upstream and Downstream
e Progress of Pilot Projects for both disaster management and agriculture-livestock

3.3.6. Activities related to Output 1

Activity 1-1. Conduct an evaluation of AEP's existing satellite data analysis methods and tools.

For developing the effective Space Program in Paraguay by AEP based on the space activity status at
AEP, JICA Consultant Team and AEP Team required to understand utilization status of space systems and
satellite data in the begging of the Project. JICA Consultant Team and AEP Team had interview server and
Baseline Survey to AEP and relevant ministries and agencies. They also took Endline Survey for evaluate
effectiveness of the Project at the end of the Project.

JICA Consultant Team and AEP Team received information which were useful for considerations about
issues on disaster management and agriculture-livestock sectors and satellite data utilizations through the
interview survey.

All ministries, agencies and universities including AEP had limitations of huma resources, facilities,
techniques and budgets, and issues on enhancements of capacities developments for satellite data
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utilizations and application developments were unveiled through Endline Survey. On the other hand, AEP
was expected by relevant ministries, agencies and universities to become as a hub for sharing space
information and space techniques which were matched with AEP’s purpose for expanding and improving
space technologies for contributing socioeconomic developments.

Those results were applied into designing and operating KCCPs as Output 1, establishing WGs and
designing and conducting Pilot Projects as Outputs 2 and 3.

Endline Survey pointed effects by Pilot Projects of both disaster management and agriculture-livestock
made relevant ministries, agencies and universities understand about importances of satellite data
utilizations deeply. Also, Endline Survey showed difficulties to access to satellite data became small, and
the Project played a role to expand satellite data utilizations for contributing socioeconomic issues in
Paraguay. On the other hand, Endline Survey collected expectations to AEP to continue to provide technical
transfers to relevant ministries, agencies and universities due to special knowledge and interpretations were
still required for satellite data utilizations and application developments.

Those results were applied to develop Actions Plans by AEP Team through discussions with JICA
Consultant Team. Refer Chapter 6.

Results of interview survey and Endline Survey were shown below.

During the first trip, which took place from November 19 to December 9, 2023, we visited relevant
institutions with the cooperation of AEP and conducted interviews to evaluate satellite data analysis
methods and tools. AEP is the agency to provide space systems and satellite data. Thus, the purpose of the
interview survey was to clarify the role and status about existing satellite data analysis systems and tools
of AEP in Paraguay by understanding expectations on the space systems and satellite data utilizations of
relevant ministries, agencies and universities, which directly face socioeconomic issues and to consider the
utilization of space systems and satellite data in Paraguay. Table 3.3.6-1. shows an overview of results from
the government ministries, universities, and institutions’ interviews.
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Table 3.3.6-1. Overview of results from the government ministries, universities, and institutions’

interviews

Visiting Ministries, Universities and
Institutions

Overview

National Emergency Secretary (SEN)

They usually prepare to set up evacuation shelters, and when a
disaster occurs, they respond by carrying out rescue operations and
setting up evacuation shelters in the affected areas.

The northwest is sparsely populated and understaffed.

o [t is the Authorized User for International Disaster Charter, and in

the event of a disaster, it dispatches staff to AEP and applies for the
procurement of satellite data with AEP's cooperation.

All they did was monitoring the weather conditions by using
Windy.

Ministry of Public Works and

Communication (MOPC)

They conduct environmental assessments (including safety) of
public works projects and develop plans for environmentally
friendly public works.

Agricultural and livestock civil engineering work (irrigation and
embankments) is outside their jurisdiction.

They are interested in early alert systems, climate change, and
environmental impact assessment.

Ministry of Agriculture and Livestock
(MAG)

They are developing an application for managing the risks of
damage to crops due to climate change.

They manage 48 hectares of farmland where technical verification
can be carried out, and there is a possibility of implementing a pilot
project on the farmland.

There is a possibility of exchanging opinions in a working group
based on industry-academia-government collaboration.

National Plant, Seed Quality and Health
Service (SENAVE)

SENAVE aims to ensure quality and stable supply of seeds.

o They are exploring the use of satellite data for soil quality control,

etc.
They also crack down on illegal agricultural crops (drug plants).

Ministry of Environment and Sustainable
Development (MADES)

The organization is engaged in forest management, forest fire
monitoring, wetland management, etc.

The United Nations and various international cooperation agencies
(JICA, USAID, nature conservation organizations, etc.) are
involved in forest conservation. There is some overlap in
objectives and target areas, which poses a challenge that requires
organization.

The first thing to do is to standardize data and analysis methods.

National Forestry Institute (INFONA)

e They manage primary forests, plant trees, and manage dairy farms.
o They monitor forests using equipment and analytical methods that

are comparable to those used in forest monitoring in Japan,
including analysis of both commercial and free satellite data by
using ArcGIS, and publish the data.

Ministry of Economy and Planning (MEF)

They believe that utilizing satellite data for territory management
and policy planning/analysis is effective.
They have experience in land use classification using Sentinel-2.

National Institute of Statistics (INE)

Statistical data is being collected from various ministries and
agencies, and efforts are being made to standardize the statistical
data, but publication standards have not yet been established.
There is expectation for future pilot projects that combine satellite
data with statistical information held by INE (for example, if
statistical information on agricultural yields and household surveys
can be obtained from MAG).

National University of Asuncion (UNA)

With support from Japan, the Faculty of Forestry has been
conducting forest fire monitoring and surveys of forest carbon
stocks.

10

Catholic University (UCA)

They focus on environmental management and disasters
(especially floods and droughts) by using Remote Sensing. They
also focus on urban engineering, [oT, neuro-engineering, etc.
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Results of Baseline Survey which JICA Consultant Team and AEP Team analyzed was reported in March
2024. Refer Annex 6 for the results of Baseline Survey.

Enhancement of interpretations for reading analyzed satellite data based on knowledge about object
fields beside on satellite data analysis on desks was raised as the primary issue through the survey. Also,
space system cooperations among relevant ministries nor lack opportunities for AEP sharing technical
transfers were raised other issues although relevant ministries and agencies were interested in achieving
utilizations of space systems.

Draft of installation plan equipment for small satellite developments, satellite data analysis and capacity
development programs after the visitation of the Former Prime Miniter Kishida in May 2024. The draft was
shared among JICA Consultant Team and AEP Team at the monthly meeting in May 2024. Also, the
Preparatory Survey was begun in December 2024, and JICA Consultant Team cooperated and share
information for accelerating space program managements.

Endline Survey was operated between April and June 2025. Table 3.3.6-2. and Table 3.3.6-3. show the
results and suggestions through Endline Survey.

Table 3.3.6-2. Evaluation for Space System Utilizations by Endline Survey
Item Evaluation

Expansion of Space Tech Utilizations The project has been evaluated as having overcome the fundamental barriers to
entry for various stakeholders in expanding the use of space technology. A joint
project with SENAVE for managing tomato cultivation areas was begun as one of
results of overcoming these barriers. Moreover, a data infrastructure development
project, including the utilization of satellite data, was initiated in collaboration with
INE and other ministries.
Securing Human Resources The project has been evaluated as having led to the emergence of demand for
personnel with advanced satellite data analysis skills and high expectations for
technical transfer by AEP. The relevant ministries were able to clarify the scale of
human resources required.
Data Access & Usability The project has been evaluated as having helped overcome barriers to accessing
satellite data, such as the shared recognition that free data can be utilized.
The establishment of systems for timely and continuous satellite data distribution
is expected as a future requirement.
Proactive Development of Apps The project has been evaluated as having revealed the need for interpreting
analysis results from satellite data in key areas such as agricultural management
(57.1% have never used satellite data to update data) and disaster management
(early warning and prevention). To further mature satellite data utilization,
expectations were expressed for the acquisition of advanced analytical skills
beyond basic satellite data analysis.

Refer Annex 7 for the detailed results by Endline Survey.

Activity 1-2. Develop enhancement plan based on a diagnosis of GEOLab, AEP

The first issue on GEOLab, AEP was to achieve knowledge and interpretations for reading satellite data
analysis results with results by field survey through correlations between the desk analysis and on-site
perspectives. Based on the results, policies for Activities 1-3, 1-4 and 1-5 were set through the discussions
between JICA Consultant Team and AEP Team. The policies were shown below:

Policy for Activity 1-3

The policy was set for: 1) enhancing and deepening knowledge about small satellite developments,
testing and operations; and 2) conducting GuaraniSat-2 Engineering Model Test. KCCP for Upstream
(small satellited developments and operations) was designed to improve capacities of AEP to deepen
understanding small satellite designs, developments, testing and operations, as well as to achieve the
frameworks of space international cooperations through lectures with Japanese and international students
at Kyutech. Moreover, the testing of Engineering Model of GuaraniSat-2, which was developed by AEP
independently, was designed and conducted as a part of KCCP, and letting AEP to achieve testing data and
interpretations to improve components for developing Flight Model of GuaraniSat-2 as their next step was
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designed and conducted.
Policy of Activity 1-4

KCCP was designed and implemented to enable attendees to achieve advanced, effective, and practical
satellite data utilization technologies and knowledge for the two themes of disaster managements and
agriculture-livestock and to deepen their knowledge for sustainable satellite data utilizations and practical
applications in collaboration with related organizations in Paraguay.
Policy of Activity 1-5

The events were designed to provide opportunities for networking and collaborations between space-
related parties in Japanese industry and academia, with the aims of strengthening cooperation between the
two countries for utilizing future space technologies.

Activity 1-3. Conduct a six-month hands-on training, including testing of the GuaraniSat-2 Engineering
Model (EM), at Kyushu Institute of Technology (Kyutech) from October 2024 to May 2025

(D Name of Training
Satellite Development Training "Project for Management of Space Programs Applied to the
Socioeconomic Development in Paraguay (Upstream Training)"

@ Training Period
[First batch]
Training Period: October 4, 2024 — March 28, 2025

[Second batch]
Training Period: April 3, 2025 — May 30, 2025

(@ Number of Certification

A total of three staff completed the training: one from AEP in the first batch and two from AEP in the
second batch.

@ Training Overview

To improve Paraguay's overall space capabilities and enhance its social, economic, scientific, and
technological capabilities, it is necessary to strengthen its space technology utilization capabilities and
promote geospatial information-based decision-making. This training program aimed to deepen the skills
and knowledge of satellite development and testing, and to promote Paraguay's own satellite data collection.
The AEP engineers participating in the training received six months of hands-on training at Kyutech
(hereinafter referred to as the "1* Batch") to acquire fundamental planning and knowledge on nanosatellite
mission definition, engineering model development, and testing. Furthermore, two months of hands-on
training at Kyutech (hereinafter referred to as the "2™ Batch") included a series of engineering model tests
of AEP's 3U nanosatellite, GuaraniSat-2, to acquire test data for flight model development and component
improvements.

Table 3.3.6-3. KCCP (Upstream Training Schedule) (1* Batch)

Date Training content
1 2024/10/7 - 2024/10/11 - Orientation, facility tour, kickoff (10/7)
- Participation in the International Low Carbon Urban Development Forum
(10/8,9)
2 2024/10/14 - 2024/10/18 - Introduction to the BIRDS-RP satellite project

- Mission idea discussion
- Lecture on satellite power subsystem I
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2024/10/21

2024/10/25

- Subsystem assignment
- Mission objectives and concept discussion

2024/10/28

2024/11/1

-Mission requirements and success criteria discussion

-Special lecture on machine learning techniques for measuring magnetic fields
on CubeSat

- Introduction to space system lecture

2024/11/4

2024/11/8

-Mission requirements discussion
-Mission concept and model review
-Discussion on satellite main bus budget calculation

2024/11/11

2024/11/15

-Discussion on satellite internal configuration
- Introduction to space system lecture (11/14, 11/15)
-Satellite power subsystem lecture (11/15)

2024/11/18

2024/11/22

-Discussion on requirements and verification documents
-Preparation of mission component list
-Lecture on satellite power subsystem (11/22)

2024/11/25

2024/11/29

- Introduction to space system lecture (11/28, 11/29)
-Satellite power subsystem lecture (11/29)
-Bread Board Model (BBM) component procurement

2024/12/1

2024/12/6

-Mission power consumption discussion (12/4)
-Mission operation model and interface discussion (12/4)

10

2024/12/9

2024/12/13

- Mission data budget and configuration update discussion (12/11)
- Introduction to satellite engineering lecture (12/12)
- Satellite power subsystem lecture (12/13)

11

2024/12/16

2024/12/20

- Introduction to satellite engineering lecture (12/19)
- BBM development plan discussion (12/20)
- Satellite power subsystem lecture (12/20)

12

2024/12/23

2024/12/27

-Mission Definition Review discussion (12/25)
-Introduction to satellite engineering lecture (12/26)

13

2025/1/6

2025/1/10

- Introduction to satellite engineering lecture (1/9)
- BBM Development (1/6 - 1/10)
- Mission definition improvement comments and improvement (1/9 - 1/10)

14

2025/1/13

2025/1/17

- BBM test plan and objectives discussion (1/13 - 1/17)
- Introduction to space system lecture (1/16)
- Satellite power subsystem lecture (1/17)
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2025/1/20

2025/1/24

- BBM development (1/20 - 1/24)
- Introduction to satellite engineering lecture (1/23)
- Satellite power subsystem lecture (1/24)

16

2025/1/27

2025/1/31

- BBM functional test (1/27 - 1/31)
- Introduction to space system lecture (1/26, 1/30)
- Introduction to satellite engineering lecture (1/30)

17

2025/2/3

2025/2/7

- BBM functional test (2/3 - 2/7)
- Introduction to satellite engineering lecture (2/6)
- Satellite power subsystem lecture (2/7)

18

2025/2/10

2025/2/14

-Command and integration test discussion (2/10 - 2/14)
- Introduction to satellite engineering lecture (2/13)
- Introduction to space system lecture (2/13)

2025/2/17

2025/2/21

- BBM functional test (2/17 - 2/21)
- BBM software development (2/17 - 2/21)
- BBM integration test preparation (2/17 - 2/21)

20

2025/2/24

2025/2/28

- BBM integration test with satellite main bus (2/24 ~-2/28)
- Engineering Model (EM) board circuit diagram preparation (2/24 - 2/28)

21

2025/3/3

2025/3/7

- BBM integration test with satellite main bus (3/3 - 3/7)
- EM board layout design (3/3 - 3/7)
- EM board parts list preparation (3/5 - 3/7)

22

2025/3/10

2025/3/14

- BBM power consumption test (3/10 - 3/14)
- EM board and component procurement (3/12)

23

2025/3/17

2025/3/21

- BBM integration test with satellite main bus (3/17 — 3/21)
- BBM integration test with ethernet out-of-band channel (eOBC) (3/18 —3/21)
- Preparation of PDR documents (3/17 — 3/20)

24

2025/3/24

2025/3/28

- BBM integration test (3/24 - 3/25)

- Communication subsystem Electro-Magnetic Compatibility (EMC) test (3/25
- 3/27)

- PDR (3/27)

- JICA training report (3/28)

Table 3.3.6-4. KCCP (Upstream Training Schedule) (2" Batch)

Date

Training content

2025/4/2

2025/4/4

Orientation, facility tour
- Satellite delivery to clean room
- Checking the work area
- Discussion of equipment and test requirements list
- Antenna repair/PCB soldering repair
- Measurement of GuaraniSat-2 EM

2025/4/7

2025/4/11

Attaching the antenna to the +Y panel
- Disassembling each subsystem
- Backplane board testing
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- Functionality check of the satellite power supply common line

- Confirmation of communication between the control system (ADCS) and
onboard computer (OBC)

- Communication system testing and ground station setup

- Confirmation of communication between the communication system and
ground station

- Preparation of Kyutech test facilities for testing

- Improvement of the antenna deployment mechanism

2025/4/14

2025/4/18

Setup of acoustic test chamber
- Installing the antenna on the +Y panel
- Antenna radio wave measurement and frequency adjustment
- Antenna pattern measurement
- Preparation of Kyutech test facilities for the test
- Dipole antenna adjustment for the communication system (436 MHz) and
LoRa communication (436.9 MHz)
- Antenna pattern measurement for the communication system (436 MHz)
and LoRa communication (436.9 MHz)
-Installing the GPS and Astradyne second payload on the -Y panel

2025/4/21

2025/4/25

Antenna deployment mechanism testing in a clean room
- Post-assembly subsystem and payload testing
- Battery pack installation
- Satellite assembly and vibration test preparation for functional verification
testing

2025/4/28

2025/5/2

Satellite assembly for vibration testing
-CW beacon check, OBC, EPS, and communication system function
confirmation
-Vibration testing conducted on Z, X, and Y axes
-Solar panel deployment during Z-axis random vibration testing
(troubleshooting for string malfunction during deployment and resolving
with
Astradyne)
-Solar panel deployment during X axis quasi-static vibration testing (dealing
with a malfunction in the string securing the solar panel releasing)
-Dealing with a malfunction in which the satellite would not power on during
vibration testing
-Conducting shock testing on 3 axes
-Removing the antenna from the satellite for low-temperature testing in a
chamber

2025/5/5

2025/5/9

Satellite functional test
-Software update and program
-PVC -Y panel repair
-Communication test
-Satellite disassembly for thermal vacuum test

2025/5/12

2025/5/16

Additional satellite functional tests
- Installation of thermocouples to satellite subsystems and payloads for
thermal vacuum tests
- Mechanical structure verification and installation of jigs for thermal
vacuum tests
- Satellite installation inside the thermal vacuum test chamber
-Test facility pump, power supply and software verification
-Verification of test equipment electrical connections, power supply, heat
source, and sensors
- Verification of 22 thermocouples, 6 heat sources, and power supply
- Vacuuming the chamber and testing satellite functionality

2025/5/19

2025/5/23

Depressurize the chamber
- Pre-test function confirmation test
- Start thermal cycle change from low temperature
- Complete 4 cycles of thermal cycle test
- Conduct function confirmation test at highest and lowest temperatures
- Remove the satellite from the thermal vacuum chamber
- Remove the thermocouple from the satellite
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9| 2025/5/26 - 2025/5/30 FIUNA mission test

- Satellite assembly and final functional test
- Packing of satellite and tools

- Clean room cleaning

(® Achievements from Training
Through the implementation of the first and second batches of this training program, the following results
were achieved through testing of the developed "BIRDS-RP" and "GuaraniSat-2" engineering models.

(1) Gaining knowledge to generate satellite mission ideas based on social issues to be solved

(2) Promoting understanding of small satellite subsystems

(3) Gaining knowledge to define mission objectives and concepts

(4) Acquire design technology for mission requirements and bus budgets and configurations based on
those requirements.

(5) Knowledge about BBM component procurement

(6) BBM design and development, software development technology

(7) Gain knowledge of a series of testing techniques such as BBM functionality testing, integration
testing, and power consumption testing

(8) Improving knowledge of Preliminary Design Review (PDR)

(9) Knowledge about a series of testing techniques for satellite Engineering Models (EM), including
antenna testing, communication testing, vibration testing, shock testing, functionality testing, and
thermal vacuum testing.

(10) The results of (1) to (9) above provide knowledge for the development of Flight Models (FM) for
future domestically developed satellites such as GuaraniSat-2.

Activity 1-4. Conduct training on processing and application of satellite data and other information

(D Name of Training
Data Utilization Training "Project for Management of Space Programs Applied to the Socioeconomic
Development in Paraguay (Downstream Training)"

@ Training Period
Training Period: August 19 — September 18, 2024

(® Number of Certification
A total of 7 people completed the training: six from AEP and one from SENAVE

@ Training Overview

This training program was designed to strengthen Paraguay's overall space capabilities and promote
social, economic, scientific, and technological developments by strengthening its space technology
utilization capabilities and promoting geospatial information-based decision-making. AEP and related
organization staff who participated in this training learned advanced and effective satellite data utilization
techniques and knowledge for two themes: disaster prevention and agriculture and livestock. The goal is to
collaborate with related organizations in Paraguay to utilize satellite data sustainably and apply it to
practical operations. Furthermore, by providing an opportunity for networking and collaboration with
Japanese space industry and academia, the program aims to strengthen future collaboration between the
two countries in utilizing space technology.

Table 3.3.6-5. KCCP (Downstream Training Schedule)

Date time Destinations

August 18 Arrival in Japan
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August 19 10:00-12:00 Briefing at JICA TIC
13:30-15:30 Training objectives and curriculum explanation
August 20 10:00-11:30 Ministry of Land, Infrastructure, Transport and Tourism *
15:30-16:30 Japan Weather Association *
August 21 10:00-12:00 ArkEdge Space 1
13:30-16:30 ArkEdge Space 2
August 22 9:45-11:30 JAXA (Agricultural use of space technology)
13:15-16:15 Networking with space-related companies *
August 23 10:00-11:30 Ministry of Agriculture, Forestry and Fisheries
14:00-15:30 Yanmar Agri
15:30-17:00 United Nations Office for Outer Space Affairs (UNOOSA) *
August 26 10:00-12:00 JAXA Tsukuba Space Center *
14:00-16:15 National Agriculture and Food Research Organization (NARO).
August 27 10:00-12:00 Public Works Research Institute / International Centre for Water Hazard
and Risk Management under the auspices of UNESCO (ICHARM) *
14:00-16:00 National Research Institute for Earth Science and Disaster Resilience
(NIED) *
August 28 10:00-11:30 Axelspace 1 *
13:00-16:30 Axelspace 2
August 29 10:00-12:00 Synspective 1 *
13:30-16:30 Synspective 2
August 30 10:00-12:00 Foundation of River & Basin Integrated Communications (FRICS)
14:00-15:30 Sagri
September 2 10:30-12:00 Achievement report preparation
14:00-16:15 Sony
September 3 10:30-11:30 Super embankment
15:00-17:00 Metropolitan Area Outer Underground Discharge Channel
September 4 13:30-16:30 Shizuoka Prefecture
September 5 10:15-12:00 Gifu University 1
13:30-16:30 Gifu University 2
September 6 10:00-12:00 Agricultural Field Survey in Gifu Prefecture
September 9 10:00-12:00 Hokkaido University 1
13:30-16:30 Hokkaido University 2
September 10 13:00-15:00 Farm in Kuromatsunai
September 11 10:00-12:00 Smartlink Hokkaido 1
14:00-16:30 Smartlink Hokkaido 2
September 12 10:00-12:00 Hokkaido Agricultural Field Training 1
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14:00-16:30 Hokkaido Agricultural Field Training 2
September 13 10:00-12:00 Smartlink Hokkaido 3
September 17 10:00-12:00 Pilot project preparation 1
13:30-16:30 Pilot project preparation 2
September 18 9:00-11:00 Achievement report
11:00-12:00 Certificate of Completion
September 19 Leaving Japan

*These were held as a joint session with another JICA program, Rwanda Training Program.

(® Achievements from Training

A curriculum was designed that combined lectures, practical training, and field trips. The unit goals

which Table 3.3.6-6. shows were achieved.

Table 3.3.6-6. KCCP (unit objectives)

Unit goals

Curriculum Structure

Unit Goal 1: Acquire knowledge on disaster prevention and
solving social issues in agriculture and livestock using
optical and SAR satellite data

All Curriculum

Unit Goal 2: Acquire knowledge of utilization examples in
Japan using optical and SAR satellite data

All Curriculum

Unit Goal 3: Acquire knowledge about the administrative
use of satellite data by Japanese government ministries and
agencies

Ministry of Land, Infrastructure, Transport and Tourism
Ministry of Agriculture, Forestry and Fisheries
Shizuoka Prefecture

Unit Goal 4: Acquire knowledge about research and
development of space technology for social implementation
by Japanese research institutes and universities

JAXA

National Agriculture and Food Research Organization
(NARO)

Public Works Research Institute, National Research and
Development Agency

National Research Institute for Earth Science and
Disaster Resilience (NIED)

Gifu University

Hokkaido University

Unit Goal 5: Acquire knowledge about private companies'
efforts to utilize satellite data for business, public services,
and solving social issues

Japan Weather Association
ArkEdge Space

Yanmar Agri

Axelspace

Synspective

FRICS

Sony

Smartlink Hokkaido

Unit Goal 6: Creating future collaboration through
networking with various space-related players in Japan's
industry and academia

Networking with space-related companies
All other curriculum

Unit Goal 7: Promoting agency cooperation between JAXA
and AEP

JAXA (Agricultural Use of JAXA, Tsukuba Space Center)

Unit Goal 8: Acquire analytical and verification techniques
for practical use of satellite data through field surveys,
practical training, and hands-on activities

Super embankment

Metropolitan Area Outer Underground Discharge
Channel

Agricultural Field Survey in Gifu Prefecture
Kuromatsunai Farm

Hokkaido Agricultural Field Training

Unit Goal 9: Apply the results of Unit Goals 1 to 8 above to
future work and future space utilization cooperation.

Pilot project preparation
All other curriculum
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Activity 1-5. Collaborate with AEP and Japanese government agencies, universities, and private companies.

As part of KCCP (Downstream Training), a networking event to introduce each other's activities in
collaboration with JAXA, universities, private companies (Axelspace, Synspective, etc.), and CONSEO
companies was held in Tokyo on August 22, 2024. Table 3.3.6-7. shows the companies that collaborated
with KCCP and the satellite data, platforms, equipment, etc. that were considered or procured.

On September 12, 2025, JAXA and Japanese space companies were invited for a workshop in Paraguay.
Through discussions between JAXA and SPACELab staff, a strategy for strengthening future operations
was discussed. In the workshop after the final JCC meeting, JAXA gave a keynote speech and business
networking took place among Japanese companies, AEP, relevant ministries, and local companies, aiming
to strengthen space business collaboration between Japan and Paraguay.

AEP began developing a satellite data platform in collaboration with Japanese companies in 2024. In
addition, many Japanese companies have already expressed their desire to collaborate with AEP (small
satellite constellation development and operation, ground station network construction, data platform

development, data application development, etc.).

Table 3.3.6-8. Companies, academia and government organizations collaborated in KCCP

# Industry, Content Status Remarks
academia, and
government
Private company
1 ArkEdge Space | Small satellite constellation Currently During the pilot project, ArkEdge Insight
development and data collaborating on the | will be introduced, and practical use of
utilization development of satellite data will be considered.
Site Visit of the satellite ArkEdge Insight
control ground station
2 Axelspace Optical small satellite Completion AxelGlobe data is procured and used in a
constellations and their data pilot project (agriculture and livestock).
utilization
3 CTI Hands-on seminar on flood Completion In pilot project (disaster prevention)
Engineering simulation (iRIC) activities, seminars on flood simulation were
International (Online training) conducted.
4 Sagri Private sector initiatives for Completion Collaboration at KCCP
agriculture using satellite
data
5 Synspective SAR small satellite Completion Collaboration at KCCP
constellation and data
utilization platform
6 Smartlink Introducing smart agriculture | Completion Collaboration at KCCP
Hokkaido initiatives by Hokkaido
farmers
7 Sony Group Introduction to low-power, Completion Collaboration at KCCP
low-cost communication They are exploring cooperation in global
technology satellite communications.
8 Yanmar Agri Smart agriculture initiative Completion Collaboration at KCCP
integrating IoT and space
technology
9 Consortium for | Company introduction and Completion Collaboration at KCCP
Satellite Earth exchange
Observation
(CONCEO)
University
10 | Gifu University | Introduction to flood forecast | Completion Collaboration at KCCP
simulation research using Hands-on simulation lessons were continued
satellite data/hands-on even in the Pilot Project (Disaster
Prevention).
11 | Hokkaido Agricultural research using Completion Collaboration at KCCP
University space technology Practical application of satellite data for
Satellite data utilization grass species management and livestock
training in livestock farming production is under consideration.
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Ministries and agencies, local governments, etc.
12 | Ministry of Japan's flood control Completion Collaboration at KCCP
Land, measures, river
Infrastructure, administration, and satellite
Transport and data utilization
Tourism
13 | Ministry of Activities to utilize satellite Completion Collaboration at KCCP
Agriculture, data for agricultural statistics
Forestry and
Fisheries
14 | JAXA Examples of satellite data Completion Collaboration at KCCP
utilization in agriculture and
site visit of Tsukuba Space
Center and introduction of
disaster response efforts
using satellite data
15 | National Space technology case study | Completion Collaboration at KCCP
Agriculture and | and research in agriculture
Food Research
Organization
16 | Public Works Introducing efforts to Completion Collaboration at KCCP
Research manage flood disasters and
Institute risks using satellite data
17 | National Understanding earthquake Completion Collaboration at KCCP
Research damage using satellite data
Institute for and introducing satellite
Earth Science operations during disasters
and Disaster
Resilience
18 | FRICS River disaster prevention Completion Collaboration at KCCP
information
River monitoring
19 | Japan Weather | Weather forecasts and Completion Collaboration at KCCP
Association disaster information
transmission in Japan
20 | United Nations | Introducing UN disaster Completion Collaboration at KCCP
Office for response efforts using
Outer Space satellite data
Affairs
21 | Metropolitan Case studies of disaster Completion Collaboration at KCCP
Area Outer response in the Tokyo
Underground metropolitan area
Discharge
Channel
22 | Shizuoka Use of satellite image Completion Collaboration at KCCP
Prefecture analysis for land subsidence
monitoring

3.3.7. Activities related to Output 2

Activity 2-1. Set up working groups consisting of AEP and related organizations to identify issues and
implement pilot projects

JICA Consultant Team visited relevant organizations expected to be involved in disaster prevention,
accompanied by AEP, and conducted interviews. Then it was selected candidate organizations for the
Disaster Prevention Working Group (WG). The candidate organizations are listed in Table 3.3.7-1. A
request letter from AEP was sent to these candidate organizations. The organizations that responded to the
call and regularly joined as core members of WG are those highlighted in light blue in Table 3.3.7-1.

Table 3.3.7-1. Disaster Prevention Field: Candidate Organizations for the Working Group

| Organization Name |

44



Paraguayan Space Agency (AEP) National Emergency Secretary (SEN)
Ministry of Public Works and Communication

Vice-Ministry of Economy and Planning (MEF)

(MOPC)
. . . Ministry of Environment and Sustainable
National Institute of Statistics (INE) Development (MADES)
National Forestry Institute (INFONA) gﬁcﬁgr N T ey ey
National University of Asuncion (UNA) Catholic University (UCA)
National Institute for Rural and Land
Development (INDERT)

* The Technological Park (PTI) of Itaipu Hydroelectric Power Plant (ITAIPU) joined since July 2024.

Prior to implementing the WG activities, guidelines for the WG were created and a preliminary
explanation regarding their utilization was provided. During the WG meetings, explanations and
discussions primarily focused on the pilot project. The WG meetings conducted are as shown in Table 3.3.7-
2. below.

Table 3.3.7-2. WG Meeting for Disaster Prevention Field

Meeting (Pa?:gtflay) Place Summary of contents Achievement
WG Premeeting | March 6th, 2024 Online + Approval of WG guidelines + Formation of
- Formation of the WG the WG
Ist WG April 24th, 2024 CONACYT | - Purpose of WG meetings + Scope of pilot
Meeting - Introduction of satellite data project
utilization case approval
* Schedule for the Pilot Project
- Review of Interview Findings
and Discussion on Satellite Data
Usage
- Sharing and Approval of Pilot
Project Scope Proposal
2nd WG July 4th, 2024 Online - Data required for flood - Design of
Meeting simulation pilot project
+ Flood hazard map creation approval
workflow
- Utilization of flood hazard maps
3rd WG November 25th, Online - Sharing of pilot project progress - Progress
Meeting 2024 * Workshop schedule and sharing
presentation content
- Conversion of inundation maps to
Flood hazard maps
- Utilization of flood hazard maps

Activity 2-2. Identify issues where space-related technologies can be effectively applied in the field of
disaster risk reduction

To identify challenges where space-related technologies could be effectively applied, JICA Consultant
Team visited relevant organizations in the disaster prevention field during our first trip from November to
December 2023 and conducted interviews. The interviews focused on understanding the organizations,
operational activities, their knowledge of and experience utilizing earth observation satellite data, and the
potential for utilizing such data based on their work. The information gathered from each organization was
arranged, and the results regarding the anticipated content, role, and challenges for applying space-related
technologies are shown in Table 3.3.7-3.

Table 3.3.7-3. Results of the Interview Survey on the Application of Space-Related Technologies
in the Disaster Prevention Field
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Expected for Satellite

Institution Data Utilization Roles Challenges
Damage Information Request data collection and * Cooperation with AEP is
Collection distribution to International important.
Flood Early Warning Charter by sending staffto AEPat | ¢ Cooperation with AEP is
Forest Fire Monitoring the disaster strikes required for Extracting
Announce the damaged status damaged information.
Flood Alert * Documents for satellite data
SEN utilization when the disaster
has occurred that is
unprepared

* Windy and NASA’ hotspot are
available for flood early
warning system and forest fire
monitoring.

Flood Hazard/Risk Land territory management for * Knowledge and interpretation
mapping disaster mitigation are required for making flood
MEF % Applying to land Distributions of flood hazard/risk hazard/risk maps
. maps as the preliminary phase * Cooperation with AEP is
territory  managements -
also. required.
Flood Hazard/Risk Safety assessment for * Knowledge and interpretation
mapping infrastructure are required for making flood
* Applying to planning Public constructions with hazard/risk maps
consideration of disaster * Cooperation with AEP is
and safety assessment e .
MOPC before/after public mitigation required.
constructions.
Integration of Flood
Early Warning Systems
into Public Works
Updating Statistical Sharing statistical information No issues from the point of
Information Using with SEN when disaster has sharing statistical information.
Satellite Data occurred by SEN’s request
INE o o .
Providing statistical information
for developing flood hazard/risk
maps
Forest Fire Monitoring Monitoring forest fire and * Only NASA’s hotspot
Creation of Forest Fire providing information to SEN and information is available for
Risk Map other institutions forest fire monitoring
Early warning system by suing * No cooperation with
forest fire risk maps INFONA for monitoring
forest fire
MADES » Standard for forest fire
assessment, 5 institutions
have own

* Human resources especially
for patrolling are lack at the
national parks

Forest Fire Monitoring Monitoring forest fire and They have enough abilities to
Creation of Forest Fire providing information to SEN and | utilize satellite data for
Risk Map other institutions monitoring, and there are no
INFONA Early warni.ng system by suing issues about their technical
forest fire risk maps. aspect.

» Standard for forest fire
assessment, 5 institutions
have own

Flood Early Warning Providing meteorological * Standard is unprepared for
DMH information to SEN for flood early countermeasure at the flood
warning system. occurred
Forest Fire Monitoring Providing knowledge and No issues from the point of
Creation of Forest Fire interpretation about algorithm for providing knowledge and
UNA Risk Map forest fire analysis interpretation.

Providing knowledge and
interpretation from experts.
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Expected for Satellite

Institution Data Utilization Roles Challenges
* Flood Early Warning * Providing and developing low- No issues from the point of
price sensors for water levels and providing knowledge and
UCA flows interpretation.

* Providing information by sensors
* Providing knowledge and
interpretation from experts.

Based on information gathered during the hearing survey, the relevant agencies for flood disasters in the
disaster prevention sector were identified as SEN, MEF, MOPC, INE, DMH, and UCA. For forest fires, the
relevant agencies were SEN, MADES, INFONA, and UNA.

At the first Disaster Prevention Working Group meeting held in April 2024, based on the results of the
hearings, the WG discussed issues where the application of space-related technologies would be effective.
It was confirmed that the application of space-related technologies would be effective for the following
types of disasters and disaster management phases:

Disaster type: Floods
Disaster management phases: Emergency response phase, Preparedness phase
Issues: 1) the standard operation procedure for satellite data

utilizations on flood events was not established; and 2)
regional flood hazard maps were not released.

Challenge: 1) Standard Procedure Manual for Satellite Data Utilization
(Emergency Response Phase); 2) Flood Hazard Map
Creation (Preparedness Phase)

SEN and UCA identified the creation of hazard maps, usable in the preparedness phase for flood disasters,
as a task where the application of space-related technologies would be effective. INE identified the
development of a standard manual for utilizing satellite data during the emergency response phase as a task.

Activity 2-3. Determine scope for applying space-related technologies to the issues and design pilot projects

Based on the types of disasters and disaster management phases raised at the first Disaster Prevention
Working Group meeting held in April 2024, discussions were held, and the pilot project was defined as
creating flood hazard maps to be utilized in the preparedness phase for flood disasters. The target area was
designated as the Bafnado area in Asuncion.

A field survey was conducted for creation of flood hazard maps as the pilot project. The area highlighted
in blue color near the river in Fig. 3.3.7-1. is the Bafiado District, and both the Norte Area and Sur Area,
outlined in red, were surveyed. Fig. 3.3.7-2. shows the field survey in progress.
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Fig. 3.3.7-1. Field Survey Location

The Banado area in the target area is a region illegally filled with debris by residents on land that was
originally a wetland. It features a flat terrain with low elevation near a river. It adjoins wetlands, and a
highway crossing nearby acts as a barrier, blocking the escape route for accumulated water. Consequently,
this area experiences not only seasonal flooding during the rainy season but also frequent flash floods
triggered by sudden downpours. Many homes in this area are single-story structures. Residents report that
floods exceeding 2 meters have submerged homes up to the roof. Furthermore, the entire area is flat and
low-lying, making evacuation difficult during flooding.

e Noie

Fig. 3.3.7-2. Photo of Filed Survey (Left: Building of residence, Right: Wetland)

To create a flood hazard map, it is necessary to calculate inundation areas through flood inundation
analysis. For calculating inundation areas, simulations must be performed according to various flood
scenarios. Based on the resulting inundation areas, the map must be finalized by inputting various
information to create a flood hazard map suitable for use in that region. Selecting the appropriate software
for flood inundation analysis and preparing the necessary data for the analysis are also crucial. Regardless
of the specific software used, learning the fundamentals of hydrology and flood inundation analysis is
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essential.

Therefore, the pilot project was structured into five components: “Data Preparation,” “Training on Flood
Inundation Analysis Software,” “Flood Inundation Simulation and Creation of Flooded Area Maps,”
“Creation of Flood Hazard Maps,” and “Consultation on Utilization of Flood Hazard Maps.” Fig. 3.3.7-3.
shows the pilot project schedule, and Fig. 3.3.7-4. shows the implementation flow.
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Fig. 3.3.7-3. Pilot Project Schedule for Disaster Prevention Filed

Data Collection and Preparation

Inundation Map Map of areas expected to be flooded

Online Training for
IFAS and iRIC

Consideration of evacuation

methods and evacuation locations
I Discussion with SEN

Flood Hazard Map - Flood hazard mapping Discussion for
. utilization
Make known to resident | e

Discussion with SEN

Fig. 3.3.7-4. Pilot Project Flowchart for Disaster Prevention Field

Activity 2-4. Develop plan and procure equipment (hardware and software) for satellite imagery and data
collecting/processing

As a pilot project, this project formulated the necessary data for creating flood hazard maps and
considered purchasing satellite data. In the disaster prevention field, since satellite data observed during
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floods is accumulated at AEP through the International Charter, it was decided not to purchase data. The
data required for creating flood hazard maps is shown in Table 3.3.7-4.

Table 3.3.7-4. Data Requirement for Flood Inundation Analysis

Data Contents Remark
Rainfall Data - Observation station location - Itis desirable to have all data available from
Observation interval (daily, hourly) the start of observations
Observation period
Hydrological Data + Paraguay River water level and flow volume - Itis desirable to have all data available from
Observation interval (daily, hourly) the start of observations
Observation period
Water Level of - Observation interval (daily, hourly) - Itis desirable to have all data available from
Ypacarai Lake - Observation period the start of observations
Historical Flood + Period and rainfall at that time - It is also beneficial to have photographs and
Records + Photos during flooding, etc. videos, not just time periods
Newspaper articles, YouTube videos, etc.
DEM Data - DEM (Digital Elevation Model) - A Digital Terrain Model (DTM) is desirable
- Elevation accuracy is particularly important in
flat terrain
Land Use Data - Land cover/land use data derived from -
satellite data, etc.
Bridge Drawings + Design drawings for the two bridges spanning | - Drawings are useful for estimating water
the Paraguay River, etc. levels during river floods
Hydrological Data + Paraguay River water level and flow volume * As an international river, it is necessary to
for the Argentine - Observation interval (daily, hourly) verify water levels and flow volume in the
Side - Observation period lower reaches and conduct verification across
the entire Paraguay River basin

In the Bafiado area, the pilot project area, two types of flooding occur: river overflow flooding caused
by seasonal river inflows and internal flooding caused by flash floods such as sudden downpours. Therefore,
iRIC, which can simulate both river overflow and internal flooding, was selected as the software for the
pilot project. iRIC is a numerical simulation platform for hydraulic engineering, available for free use. It is
software capable of analyzing river flow and riverbed changes, with ongoing functional enhancements
including various numerical simulation models such as flood, runoff, tsunami, and debris flow models.

Activity 2-5. Train personnel in the use of tools, methods, and techniques for disaster risk reduction

The types of data required for iRIC to be utilized in flood inundation simulations were shared with AEP.
AEP took the lead in collecting this data with the cooperation of organizations participating in the Disaster
Prevention Working Group, thereby strengthening collaboration between AEP staff and related agencies.
Furthermore, insights were gained regarding the data necessary for flood inundation simulations,
particularly the importance of DEM data.

During the training in Japan, participants gained insights into Japanese flood control measures, river
administration, river management and information systems, Japanese weather forecasting and disaster
information dissemination, and Japan's approach to disaster response using satellite data. At the
International Centre for Water Hazard and Risk Management (ICHARM), an introduction to iRIC and the
RRI model (Rainfall-Runoff-Inundation model) developed by Japan, both to be used in the pilot project,
served as an entry point for the pilot project. Field visits to Japanese river management sites included the
Sumida River Super Levee and the Metropolitan Area Outer Floodway, providing hands-on experience with
Japanese flood control. At Gifu University, participants experienced flood inundation analysis using test
data from iRIC, which will be employed in the pilot project.

As part of the pilot project, the “Flood Inundation Analysis Software Training” conducted a total of 12
online training sessions from November 6 to December 13 (Japan time), focusing on the use of iRIC. The
online training covered available satellite data, DEMs, satellite rainfall data, general flood management,
and flow models. It also included hands-on training using iRIC to simulate flood inundation based on
collected data from Paraguay. The schedule and content of the online training sessions are shown in Table
3.3.7-5.
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Table 3.3.7-5. 1st Online Training

NO. Date Contents

1 November 6th, 2024 General Flood Management and Hydraulic Analysis, Required Information

2 November 7th, 2024 Utilizing Satellite Data and Introduction to Satellite Products for Hydraulic Analysis

3 November 8th, 2024 Introduction of GSMap, DEM (Merit, Fabdem, etc.), and review for the training
session

4 November 12th, 2024 Introduction of iRIC and Hands-On Training (Input Data and Parameter
Verification)

5 November 13th, 2024 Hands-On Training (Calculation Execution and Result Visualization)

6 November 14th, 2024 Introduction of other iRIC functions, and review for the training sessions

7 November 19th, 2024 Hands-On Training 1 (Using Actual Data from Paraguay)

8 November 20th, 2024 Hands-On Training 2 (Using Actual Data from Paraguay)

9 November 21st, 2024 Introduction to Hydrographs and Hands-On Training (Creating Hydrographs)

10 November 26th, 2024 Hands-On Training (Creating Flood Forecast Maps)

11 December 4th, 2024 Presentation of Calculation Results by Trainees, Discussion, and Overall Training
Review

12 December 13th, 2024 Online Q&A Session

To widely share insights with relevant organizations in the disaster prevention field, participants were
recruited by notifying not only AEP but also WG members. As a result, 38 individuals registered to
participate from AEP, DMH, INE, MOPC, UCA, and UNA. Of these, 15 attended all sessions, while 13
participated later by watching the videos. All online training sessions were recorded on video to allow
prospective participants who missed the live sessions to learn later. It is noted that viewing the online
training videos, combined with the distributed lecture materials and the manual described later, enables not
only repeated review for self-study but also serves as training for new staff joining AEP and other WG
member agencies. Indeed, after the online training concluded, 13 additional individuals participated by

watching the videos.

Certificates of training completion (see Fig. 3.3.7-5.) were issued to the 15 individuals who completed

all lectures.
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DEL PARAGUAY j IC

TRAINING CERTIFICATE

Granted to

Thanya Tamara Idoyaga Irala
For participating in

Training for simple hydraulic analysis for
disaster risk reduction by using satellite
products

Organised by the project
For Management of Space Programs Applied to the Socioeconomic Development
In the Republic of Paraguay, implemented by the Paraguayan Space Agency (AEP)
and JICA (Japan International Corporation Agency)
on 28th Oct to 3rd Dec 2024, with a total training hours with 11 hours

Period: 28" Oct to 3 Dec 2024
Training hour: 11 hours

President

JICA Project Team Leader Space Agency of Paraguay

Mr. Shinsaku Nakamura Mr. Osvaldo Almirén

Fig. 3.3.7-5. Certificate for Training
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Additional online training sessions on the RRI model, requested during the online training for flood
hazard map creation, were held from June 24 to August 25 (Japan time), totaling nine sessions. The RRI
model, developed by the ICHARM, which was also visited during the domestic training, is a model that
predicts, on a basin-wide scale, the phenomenon where rain falling within a watershed collects in rivers,
leading to flooding and overflow. Understanding the RRI model in addition to iRIC enables flood
simulations to be conducted even in river areas where river flow is not measured. The schedule and content
of the online training sessions are shown in Table 3.3.7-6. Ten participants attended the second online
training session. All participants completed all sessions, and certificates of completion were issued, as in
the first session.

Table 3.3.7-6. 2nd Online Training

NO. Date Contents
1 June 24th, 2025 Overview of Runoff and Flood Analysis, Introduction to Satellite Products Used in Runoff
and Flood Analysis
) June 26th, 2025 Analysis Methods Using Satellite Products and Ground Rainfall Data, How to install the
RRI Model
3 July Ist, 2025 Hands-On Training 1, 2:

Preparation Methods for Terrain Data and Rainfall Data, RRI Model Execution Method
July 3rd, 2025 Hands-on Training for the RRI Model 3:

Visualization of Calculation Results, Explanation of Challenges

July 22nd, 2025 Introduction to the RRI Model GUI and Practical Application in the Ypane River Basin
July 24th, 2025 Flood Analysis Near Alberdi Using the RRI Model GUI

July 29th, 2025 Explanation of Various Data Formats and Hydrological Parameters for the RRI Model
July 31st, 2025 Presentation of Challenges by Trainees and Exchange of Opinions

July 25th, 2025 Identification of Issues with the RRI Model GUI and Usage of GSMap

O |0 (I[N |n|

Following the first online training session, the participants learned about the information required for
flood hazard maps and their utilization by creating flood hazard maps based on flood inundation simulation
results and visiting WG members to discuss their practical application.

Activity 2-6. Implement pilot projects with Working Group and existing agreements with academia and
other governmental and non-governmental organizations

Data was collected through Working Group members to conduct flood inundation simulations for
creating flood hazard maps. The data collected with the cooperation of Working Group members is shown
in Table 3.3.7-7.

Table 3.3.7-7. List of Acquired Data

Data File Name Remark
Rainfall Data * ENG_AsuncionPort EXP214832 e Same location as water level and flow volume
nivel218 (Excel) meters
» Refer to the Precipitation tab; unit is [mm]
Hydrological Data * ENG_AsuncionPort EXP214832 » Water level [m]; flow volume [m?]
nivel218 (Excel) * 219 and 222 contain water level data only
o e 222 also lacks installation location information

EXP 214832 nivel219 (Excel)
EXP 214832 nivel222 (Excel)

Land Use Data * LandCover FCA UNA 2011 * Shape file
River Network Data * RiverNetwork PY INE2012 * Shape file
Basin Boundary Data * Lim Cuencas2013 * Shape file
DEM Data * DEM_PY ALOSPARSAR 12.5M * GeoTIFF file
* Created by JAXA using ALOS PALSAR
Bridge Drawings ¢ Adenda N3.ATLAS DE PLAN CAD * CAD file (DWG format)

Hydrological Data for Not available
the Argentine Side
Historical Flood Priority 1:30 and 31 December 2015, 1 | * Period when severe flooding occurred in the pilot
Records January 2016 target area

Priority 2: 28 and 29 May 2019

Priority 3: 19 November 2018
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Through online training, the participants learned to perform flood inundation simulations using iRIC and
successfully created flood inundation maps. These maps were generated for both riverine flooding and flash
flood inundation caused by torrential downpours.

Regarding flood hazard maps, this project introduced flood hazard maps developed by Japanese
municipalities, demonstrated what information is necessary for hazard maps beyond just flood inundation
areas, drafted a flood hazard map, consulted with SEN, the actual user, and created a flood hazard map
incorporating the information needed in Paraguay. The resulting flood hazard map is shown in Fig. 3.3.7-
6.

MAPA DE PELIGRO | [ 70 T Ny 3 = 4 MAPA DE PELIGRO
DE INUNDACION & 4 “ o DE INUNDACION
FLUVIAL

Fig. 3.3.7-6. Flood Hazard Map (Left: Norte Area, Right: Sur Area)

In addition to SEN, the WG members were also briefed on the flood hazard maps created, and discussions
were held regarding their utilization. Members, including SEN, expressed opinions on how they could be
used, such as for planning and preparation in the event of a flood and for disseminating statistical
information on damage.

For the pilot project, the training conducted and the process of creating flood hazard maps by adding
information to inundation areas were compiled and organized into a manual. This enables AEP staff and
WG members who did not participate this time to learn about creating flood hazard maps, thereby enhancing
staff capabilities. For details of the manual, refer to Annex 4.

Following the implementation of this pilot project, UNA students who newly learned flood inundation
analysis through the online training lecture materials and videos were able to create flood hazard maps for
other regions using this manual, thereby expanding the pilot project.

P’W\NU’;L‘ > x
METODOLOGICO DE
MANEJO DE DESASTRES

Fig. 3.3.7-7. Manual and Flood Hazard Map Dashboard
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Activity 2-7. Publish results of pilot projects locally and internationally

On February 19, 2025, during the third trip, a workshop was held in Paraguay to present the results of
the pilot project. The workshop included explanations of project activities, the formation of working groups,
discussions on identifying issues and utilizing satellite data, and the pilot project design. The project
presented what they learned through online training and introduced the flood hazard maps they created.

Coinciding with the workshop, the first edition of the pilot project manual was released, and attendees
were asked to provide feedback for review and improvement. This first edition manual reproduces the
content learned in the online training and is organized to enable flood inundation simulations using iRIC.
The official final edition was released at the final JCC meeting. Additionally, AEP plans to continue
reviewing and improving it as necessary. Furthermore, AEP published the results of this pilot project in the
Atlas released annually by GEOLab.

For the flood hazard maps created in the pilot project, AEP developed a web-based dashboard (Fig. 3.3.7-
7.) that can be accessed and viewed freely on computers and smartphones. This dashboard was made
publicly accessible via a QR code during the final JCC meeting.

| 4

Fig. 3.3.7-8. Photo of Disaster Prevention in the Workshop
3.3.8. Activities Related to Output 3

Activity 3-1. Establish a working group (WG) within AEP and related institutions to identify issues and
implement pilot projects.

In this project, a WG was officially established with nine core institutions, as indicated in blue in Table
3.3.8-1. During the implementation period, the WG was further expanded with the participation of the PTI
of ITAIPU Hydroelectric Power Plant and the Paraguayan Institute of Agricultural Technology (IPTA),
reflecting growing interest and collaboration.

Table 3.3.8-1. Candidate Institutions for the Agriculture and Livestock WG

Institutions
Paraguayan Space Agency (AEP) Ministry of Agriculture and Livestock (MAG)
Vice-Ministry of Economy and Planning (MEF) National Plant, Seed Quality and Health Service
(SENAVE)
National Institute of Rural and Land Development National Institute of Statistics (INE)
(INDERT)
Ministry of Environment and Sustainable Development | National Forestry Institute (INFONA)
(MADES)
Director of Meteorology and Hydrology (DMH) National University of Asuncion (UNA)
Catholic University (UCA)

Note: The PTI of ITAIPU Hydroelectric Power Plant and the Paraguayan Institute of Agricultural
Technology (IPTA) joined during the project period
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The WG convened regularly throughout the project, holding a total of four meetings, including a
preliminary session. Each meeting served as a platform for sharing information, discussing key issues, and
making decisions related to the pilot project. The agendas and outcomes of these meetings are summarized
in Table 3.3.8-2.

Table 3.3.8-2. Summary of WG Meetings
Date

Meeting (Local Time) Venue Summary Outcome
Pre-WG Meeting | March 6, 2024 Online Approval of WG guidelines | - WG  officially
Formation of the WG formed
1st WG Meeting April 24, 2024 Hybrid (On- Sharing of identified issues Scope approved

site & Online) Presentation and approval of

pilot project scope

2nd WG Meeting | July 4, 2024 Online Explanation of methodology Methodology
and data acquisition approved
Request for cooperation

3rd WG Meeting | November 25, 2024 | Online Sharing of monitoring results Feedback on

results

Prior to the official formation of the Working Group (WG), a series of interviews were conducted jointly
with AEP during the initial visit to Paraguay. These interviews targeted the institutions listed as WG
candidates in Table 3.3.8-1. and served as the foundation for a preparatory meeting held in March 2024.
During this meeting, the project team provided an overview of the WG guidelines to the candidate
institutions, which led to the formal establishment of the WG. Furthermore, as a result of AEP’s proactive
outreach and coordination efforts, the PTI of ITAIPU Hydroelectric Power Plant and the Paraguayan
Institute of Agricultural Technology (IPTA) also joined the WG, further strengthening its institutional base.

Activity 3-2. Identification of Issues Where Space-Related Technologies Are Effective in the Agriculture and
Livestock Sector.

In the agriculture and livestock sector, several issues were identified where the application of space-
related technologies is considered effective. These include the lack of established methods for wide area
monitoring of crop growth, difficulties in taking early action against climate change, the significant labor
required to assess growth conditions, and the limited information of domestic statistics and forecasts related
to crop types and yields.

To clarify these issues, the project team conducted interviews with relevant institutions during the initial
visit to Paraguay. Based on the information gathered, key themes such as satellite data utilization,
institutional roles, and existing challenges were systematically organized (see Table 3.3.8-3). These
discussions revealed strong expectations for the use of satellite image analysis. In addition, although AEP
possesses experience in basic vegetation analysis, a major challenge identified was the lack of sufficient
validation of analytical results through field-based surveys. This highlights the need for integrating remote
sensing with ground-truthing to ensure the reliability and applicability of satellite-derived insights.

Table 3.3.8-3. Summary of Interview Results from Ministries, Universities, and Institutions

Related to the Agriculture and Livestock Sector
Expectations for Satellite Data

Potential Satellite Data

agriculture by integrating UAV
and satellite data. Utilize data for
climate-resilient agriculture to
enhance food security.

targeted pesticide application

Institution Use in Agriculture and A Challenges
5 Applications
Livestock
Use satellite data to accurately Real-time monitoring of soil Collaboration with AEP is
assess agricultural damage for moisture essential
insurance compensation during Creation of variable Lack of personnel capable
MAG disasters. Promote smart fertilization maps for of integrating satellite and

UAYV data
Need for knowledge
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. Expecta.tlons f?r LG Potential Satellite Data
Institution Use in Agriculture and Applicati Challenges
K pplications
Livestock
Use satellite data for strategic Sharing  information on Need for  knowledge
MEF regional planning suitable cultivation areas sharing wit
based on climate change
Ensure the quality and safety of Guarantee traceability of Limited development of
agricultural products in Paraguay domestic agricultural field polygon data
SENAVE products Need for nationwide soil
Soil and water quality and water surveys using
surveys satellite data
INDERT | Organize spectral characteristics Crop information surveys Need to establish a satellite
of crops cultivated in Paraguay in analysis department and
collaboration with SENAVE train personnel
Need for  knowledge
sharing within WG
INE Build a national geospatial Updating  statistical ~data | No major issues in providing
information infrastructure using satellite data statistical information
MADES Detect illegal logging and illicit Early detection of Need for collaboration with
crop cultivation in protected areas deforestation GEOlab
Detection of illegal crop
cultivation
INFONA | Monitor land use changes and Early detection and reporting Need for collaboration with
interested in earlier detection of land use changes MADES and other
agriculture-related
institutions
DMH — Provide meteorological Need for  knowledge
information to warn of crop sharing within WG
failure and disaster damage
due to abnormal weather
UNA Conduct research on smart Application of satellite data Need for  knowledge
agriculture integrating UAV data to smart agriculture sharing within WG
UCA Conduct research on Early detection of land use Need for  knowledge
meteorology, land use changes, changes sharing within WG
and development of numerical Development and sharing of
analysis models numerical analysis
algorithms using satellite
data

Building on the strong expectations for satellite image analysis identified through interviews with
ministries, universities, and institutions in the agriculture and livestock sector, additional interviews were
conducted during the second visit, focusing on the most relevant stakeholders (see Table 3.3.8-4.). These
follow-up discussions confirmed that wide-range monitoring is a critical theme, contributing to both labor
reduction and improved risk management. Furthermore, it was recognized that with the development of
standardized manuals and procedures, the broader deployment of such technologies is not only feasible but

also scalable.

Table 3.3.8-4. Results of Additional Interviews

Institution

Issues and Expectations

MAG

resolution imagery.

The main targets are small- and medium-scale farmers. Monitoring crop health, soil moisture,
and yield prediction throughout the growing season is considered important. While satellite
images such as Landsat and MODIS are already in use, there is interest in utilizing higher-

SENAVE

With field offices nationwide, staff conduct on-site inspections about once a month to monitor
pests and diseases. Farmers report yields, and the data is managed via a portal, but currently
there is no data sharing with other ministries. They expressed interest in future collaboration.

INDERT

Conducts field surveys to understand farming conditions for land registry management and is
interested in reducing labor through satellite data utilization.

The results of the additional interviews indicate that space technologies are effective tools for addressing
practical challenges in the agriculture and livestock sector and suggest concrete directions for future
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technological implementation.

Activity 3-3. Defining the Scope for Applying Space-Related Technologies and Designing Experimental
Initiative

Drawing on the issues identified in Activity 3-2 —namely, the lack of established methods for wide-area
monitoring of crop growth, challenges in early response to climate change, the labor-intensive nature of
growth assessment, and limitations in the accuracy of domestic statistics and forecasts— a pilot project was
designed with a focus on developing a method for wide-area monitoring of soybean growth. This scope
was selected for its practical relevance to reducing labor costs and enhancing risk management in
agricultural operations.

Among the identified challenges, the need for large-scale crop monitoring emerged as a particularly
critical theme. Given the significance of soybean production in Paraguay, soybeans were selected as the
target crop. The proposed scope directly addresses operational needs and was regarded as highly practical
by participating institutions. In addition, this initiative contributes to the collection of fundamental data
necessary for analyzing planted area, which support the improvement of domestic agricultural statistics.
The scope was presented and formally approved during the first WG meeting held in person in April 2024.

In response to previously noted technical challenges—particularly the need for field validation—the
project design also incorporated elements aimed at strengthening the capacity to interpret analytical results.
Details of the pilot project design are provided in Table 3.3.8-5.

Table 3.3.8-5. Pilot Project Design Details

Item Description Remarks
Objective Verification of a wide-area monitoring —
method for soybean growth using satellite
imagery
Data Used Satellite imagery (Sentinel-2, PlanetScope, | Satellite data procurement is
GRUS) described in Activity 3-4.
Meteorological data Meteorological data provided by
DMH.
Target Area Collaborative fields in Caaguazu region Fields were selected based on
managed by SENAVE (see Fig. 3.3.8-1.) interviews with MAG and
SENAVE, considering criteria such
as: minimum size of 30m x 30m,
feasibility of measuring plant
height, and accessibility for day
trips from Asuncion.
Period D September 2024 — February 2025 D Pilot project implementation
@ February 2024 — July 2024 period
@ Post-operational phase
Methodology | Growth Analysis: NDVI and time-series analysis will be used —
to monitor crop growth and generate growth
maps. Monthly field surveys will be
conducted to link satellite data with ground
observations.
Field Surveys: Monthly surveys during the pilot period to —
measure soybean growth stage, plant height,
and pod count.
Monitoring Method | NDVI time-series analysis of soybean fields In addition to data validation,
Validation & Data over the past two cropping seasons and the multi-temporal image analysis will
Accumulation: post-operational phase to assess differences be used to accumulate insights, as
in growth patterns between rainy and dry growth speed is expected to vary
seasons. between seasons.
Crop Classification. | Using phenological data collected through —
growth analysis, methods for crop
classification will be explored and prototype
classification maps will be developed.

57




Implementation Structure Led by AEP, with data sharing and joint Field survey support by SENAVE;
implementation by WG members meteorological data provided by
DMH
Outputs Growth maps, analysis manuals —

In promoting the use of space-related technologies in the agriculture and livestock sector, it is essential
not only to establish analytical methods for specific issues but also to pursue broader utilization through
continuous data accumulation. From this perspective, the project included an attempt during the post-
operational phase to develop procedures for creating crop classification maps based on the information
gathered through growth monitoring.

This initiative was decided in consultation with AEP, based on feedback received from MAG during the
third visit, where they expressed interest in using satellite data to support national agricultural statistics
through improved understanding of cropping conditions.

PR X2

Esri, TomTom Garmin, FAD, NOAA, USGS
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Fig. 3.3.8-1. Location Map and Overview of the Target Area

Activity 3-4. Development of a Procurement Plan for Satellite Data and Data Processing/Collection
Equipment (Hardware and Software)

To support continued utilization, a satellite data procurement plan was developed. Based on discussions
with AEP, it was determined that procurement of related equipment (hardware and software) was not
necessary for this activity, and therefore no procurements were planned.

To ensure sustainable operations, the project adopted a policy of leveraging freely available satellite data
wherever possible. However, through discussions with AEP, it was mutually recognized that acquiring high
temporal resolution imagery is essential for effective monitoring. Based on this shared understanding, an
agreement was reached to procure satellite imagery that would contribute to long-term knowledge
accumulation.

Accordingly, a procurement plan was formulated in alignment with both the analytical timeline and the
crop growth calendar. The specifications and procurement details of the selected imagery are summarized
in Table 3.3.8-6.
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Table 3.3.8-6. Satellite Imagery Procurement Plan and Specifications

Item Specification
PlanetScope GRUS
Operating Agency | Planet Labs (USA) Axelspace (Japan)
Resolution (GSD) | Approx. 3.7 m Panchromatic: 2.5 m
Multispectral: 5.0 m
Imaging Daily Approx. once every two days (mid-latitude
Frequency regions)
Procurement Pilot project period, two previous Pilot project period
Period cropping seasons for analysis, and post-
operational phase
Procurement Scenes will be flexibly added or modified as needed, based on the crop calendar and
Policy analysis timeline

Activity 3-5. Capacity Building on Satellite Data Analysis and Utilization for Enhancing Agricultural
Productivity and Quality

Capacity building in satellite data analysis and utilization for the agriculture and livestock sector was
carried out in a phased approach, progressing from conceptual understanding to the development of
practical skills.

In the initial phase, participants visited relevant institutions in Japan as part of a training program
designed to build foundational knowledge of satellite data applications. The institutions visited are listed in
Activity 1.

Subsequent field-based training sessions were held in both Japan and Paraguay to promote hands-on
experience in data collection and analysis. These sessions aimed to strengthen participants’ ability to
interpret satellite data in relation to actual field conditions. Specifically, prior to field surveys, NDVI maps
were used to predict vegetation status in the target areas, and participants were guided through a process of
comparing satellite-derived data with on-site observations. This approach helped participants understand
how satellite data contributes to situational awareness and supports improved analytical accuracy.

For growth monitoring analysis, instructional materials were provided, including procedures for
generating automated growth maps using ArcGIS. Beyond tool usage, the training emphasized
understanding the underlying concepts and workflows, enabling participants to apply these skills in their
professional activities.

During the post-operational phase, online training sessions were conducted to support the continued use
of satellite data in the field. These sessions focused on applying insights gained from previous training and
fieldwork. Topics included:

Basic techniques for creating crop classification maps using data accumulated through the pilot
project, and

Fundamentals of satellite-based soil moisture analysis, in response to MAG’s expressed interest in
this area.

The training was delivered in four sessions using Google Earth Engine (GEE), with screen sharing and
interactive Q&A to enhance participant engagement and understanding. Details of the training content and
outcomes are presented in Table 3.3.8-7. A total of 24 participants took part in the training: 11 from AEP, 9
from MAG, and 4 from SENAVE.

Table 3.3.8-7. Overview of Online Training Sessions in the Agriculture and Livestock Sector

No. | Date (Local Time) Training Content Outcomes
1| July 15,2025 + Overview of satellite imagery - NDVI time-series
+Introduction to Google Earth Engine (GEE) data
Interpretation of growth monitoring results from the pilot project | + Map of cultivated
Importance of phenology in crop mapping areas (unclassified)

Basic techniques for crop mapping
Hands-on Preparation (1): NDVI time-series extraction (GEE)
Hands-on Preparation (2): Extraction of cultivated areas (GEE)

59



July 18, 2025

Review of supervised learning methods for crop classification
Hands-on (1): Feature extraction for crops (GEE)

Hands-on (2): Creation of training data (GEE)

Hands-on (3): Random forest model construction and accuracy
assessment (GEE)

Hands-on (4): Prediction of crop classification map (GEE)

Random forest
classification model
and accuracy
evaluation

Crop classification
map

July 29, 2025

Case studies of agriculture-related projects led by NASA and

Soil moisture map

JAXA

Technical fundamentals of soil moisture measurement (SMAP
satellite)

Hands-on: Acquisition of soil moisture data (GEE)

Exercise: Analysis of soil moisture data and crop classification | -+ Overlay map
maps combining crop
Group discussion among participants classification results
and soil moisture
data

4 | July 30,2025

Activity 3-6. Implementation of the Pilot Project Utilizing Existing Agreements with the WG, Academia,
and Governmental/Non-Governmental Organizations

By leveraging existing agreements, the pilot project and subsequent post-operational activities were
successfully implemented, yielding multiple outcomes through satellite-based monitoring and field surveys.

To support the pilot project, essential data for analysis and validation were first organized. Agricultural
management information—including cropping conditions and agricultural management records—was
collected with the cooperation of SENAVE, which maintains an agreement with AEP. Satellite imagery was
procured flexibly in accordance with the established procurement plan, tailored to the required timing and
geographic coverage.

Field polygon data were generated by AEP using the acquired imagery and served as foundational spatial
datasets for identifying target plots for analysis. Meteorological data were obtained through collaboration
with DMH, a participating WG institution, and were used to analyze factors influencing crop growth and
to cross-reference with satellite observations.

This comprehensive data preparation process helped establish a robust framework that enhanced
analytical accuracy and ensured the reliability of validation efforts.

Fig. 3.3.8-2. Example of Growth Maps Created by AEP
(Left: PlanetScope; Center: GRUS; and Right: Sentinel-2)

Satellite-based NDVI analysis was conducted to visualize the growth status of soybeans, resulting in the
creation of growth maps. A selection of these maps is shown in Fig. 3.3.8-2.

In parallel with the time-series analysis of satellite imagery, AEP—excluding training activities—
conducted five field surveys in collaboration with SENAVE on the following dates: October 7, November
4, and December 9, 2024; January 17 and February 13, 2025. These surveys focused on areas identified as
underperforming in the satellite analysis, where factors such as poor drainage were confirmed. In addition,
field-level data on crop growth stages were collected and compiled as baseline information. Scenes from
the field surveys are shown in Fig. 3.3.8-3.
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Fig. 3..8-. Senes from ield Sureys

An analysis using historical satellite data was conducted to assess the impact of seasonal and temperature
variations on crop growth, contributing to the accumulation of technical insights. During the post-
operational phase, the same fields were used to validate the monitoring methodology, confirming both the
reproducibility and practical applicability of the analytical approach.

In the online training sessions during the post-operational phase, participants carried out a trial to
generate crop classification maps for surrounding areas using phenological data on soybeans—such as peak
NDVI dates—accumulated during the project. A prototype of the resulting crop classification map is
presented in Fig. 3.3.8-4.

Although limited ground-truth data prevented full validation, the training successfully introduced core
analytical techniques and workflows for satellite image interpretation. This initiative laid a technical
foundation for future applications and provided participants with a valuable opportunity to deepen their
understanding of satellite data utilization. The effort also aimed to enhance future implementation potential,
contingent on the development of a more robust local data collection system.

Fig. 3.3.8-4. Prototype Crop Clasmﬁcatmn Map Predlcted Using Google Earth Engme (GEE)

The methods and procedures developed through these activities were compiled into a manual. An
overview of the manual is shown in Fig. 3.3.8-5., with full details provided in Annex 5.
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Fig. 3.3.8-5. Overview of the Satellite Data Utilization Manual for the Agriculture and Livestock
Sector

Activity 3-7. Dissemination of Pilot Project Results at Local and International Levels

The results of the pilot project were shared with relevant institutions through a local workshop and the
publication of a technical manual.

On February 19, 2025, a results-sharing workshop was held locally for stakeholders and technical experts.
The workshop presented key activities and outcomes of the pilot project, including the formation of WG,
satellite data analysis methodologies, and deliverables such as growth maps and the satellite data utilization
manual. Future directions for the application of satellite technologies in agriculture were also discussed
(see Fig. 3.3.8-6.).

The workshop generated strong interest in the use of high-resolution satellite imagery, with participants
noting that such technologies are “highly useful for local agricultural management.

Fig. 3.3.8-6. Scenes from the Workshop
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Chapter 4.

4.1.
4.1.1.

Results of the Project

Results of Outputs

Results of Output 1

The results of Output 1 are summarized by activities in Table 4.1.1-1.

Table 4.1.1-1. Results of Qutput 1

Activity

Activity details

Results

Activity 1-1

Evaluate AEP's existing satellite data analysis methods
and tools

Achieved

After understanding of Paraguayan capabilities in
small satellite developments and satellite data
utilizations, JICA Consultant Team and AEP Team
evaluated the status and abilities of small satellite
developments and satellite data utilizations in AEP.

Activity 1-2

Develop strategy for their enhancement based on an
evaluation of satellite development facilities available
at AEP's SPACELab

Achieved

Through the interview survey, JICA Consultant Team
and AEP Team explained the importance of field
surveys to deepen knowledge and consideration of the
satellite data analysis results, and they conducted field
survey before Pilot Projects and demonstrated
importance.

A policy (strengthening plan) for enhancing space
business cooperation between Japan and Paraguay was
formulated. Through discussions with AEP, a policy
for strengthening future operations was compiled.

Activity 1-3

Conduct six-month hands-on training, including
testing of the GuaraniSat-2 Engineering Model (EM),
at Kyutech from October 2024 to May 2025

Achieved

By participating in BIRDS-RPM (a small satellite
development program run by Kyutech in collaboration
with Rwanda, Paraguay, and the Maldives), the
attendee was able to deepen their knowledge of the
basic technologies involved in small satellite
development and operation, as well as the importance
of international collaboration in space development.
Furthermore, by the test of GuaraniSat-2 EM, AEP
Team was able to not only acquire the skills required
for operating a test environment but also progress one
stage in the development of GuaraniSat-2, which AEP
develops independently. AEP began to develop
GuaraniSat-2 FM, aiming for the launch in October
2026.

Activity 1-4

Conduct training on processing and application of
satellite data and other data

Achieved

By learning about specific examples of satellite data
utilizations in disaster managements and agriculture
by Japanese ministries and local governments, AEP
Team was able to deepen their knowledge of space
systems and satellite data utilizations as the national
institution. Through lectures at Gifu University and
Hokkaido University, AEP Team was able to improve
their satellite data analysis skills. In particular, the
flood simulation analysis technologies implemented at
Gifu University were applied into creating flood
hazard maps and used as basic data for cross-
ministerial studies of countermeasures in Paraguay.

Activity 1-5

Collaborate with AEP and Japanese government
organizations, universities, and private companies

Achieved

Discussions and workshops (business networking)
were held with Japanese government agencies,
universities, and private companies. It was expected
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space cooperation between Japan and Paraguay
through industry, academia, and government
promoted, leading to the creation of new space
businesses. In particular, the business networking held
in September 2025 led to the start of planning and
discussions for the development of GuaraniSat-3
among 3 parties: a Japanese company, a Paraguayan
company and AEP.

4.1.2. Results of Output 2

The results of Output 2 are summarized by activities in in Table 4.1.2-1.

Table 4.1.2-1. Results of OQutput 2

Activity Activity details Results
Establish working groups within AEP and related Achieved
agencies to identify challenges and implement pilot | The Working Group was formed in April 2024, and a
Activity 2-1 | projects. total of 4 times WG meetings (including preliminary

discussions) were held, the working group's setting
can be considered achieved.

Activity 2-2

Identify challenges in disaster prevention where
space-related technologies can be effectively
applied.

Achieved

The current status of disaster prevention agencies, the
application and role of space-related technologies,
and associated issues were systematically reviewed.
As a result, deficiencies in the satellite data utilization
standard operation procedure during the emergency
response phase of disaster management for flood
disasters and inadequacies in flood hazard maps
during the preparatory phase were identified as key
issues. This achievement can be considered
accomplished.

Activity 2-3

Determine the scope for applying space-related
technologies to these challenges and design
experimental initiatives.

Achieved

As the scope for applying space technology, it was
decided to create flood hazard maps for use in the
preparatory phase of flood disaster response. The
implementation flow and schedule for creating the
flood hazard maps were successfully established,
thereby achieving this objective.

Activity 2-4

Develop plans for purchasing satellite data and data
processing/collection equipment (hardware and
software).

Achieved

The activities can be considered successful, as the
data required for creating flood hazard maps was
identified and collected from WG members.

Activity 2-5

Conduct capacity building on satellite data analysis
and usage methods that contribute to disaster risk
prevention and mitigation.

Achieved

Through Japan-based training and online training, the
participants acquired the fundamental knowledge
necessary for creating flood hazard maps and learned
how to utilize flood inundation analysis software.
Furthermore, the online training sessions were
recorded on video, and together with the lecture
materials, were made publicly available; manuals
were also developed, making the outputs usable for
future human resource development.

Activity 2-6

Implement pilot projects utilizing existing
agreements with WGs, academia, and other
governmental and non-governmental organizations.

Achieved

Using flood inundation analysis software, the flood
inundation simulation was conducted to calculate the
inundation areas. Furthermore, based on the
calculated inundation areas, a draft flood hazard map
was created. Through discussions with SEN, the
necessary information for Paraguay was inputted, and
the creation of Paraguay's flood hazard map can be
considered an achievement.
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Activity 2-7

Publish the results of pilot projects locally and
internationally.

Achieved

This was achieved by holding workshops and
publicly releasing flood hazard maps and manuals
locally.

4.1.3.

Results of Output 3

The results of Output 3 are summarized by activities in Table 4.1.3-1.

Table 4.1.3-1. Results of OQutput 3

technologies to the identified issues and design
experimental approaches

Activity Activity details Results
Activity 3-1 | Establish a WG at AEP and related institutions to Achieved
identify issues and implement the pilot project The WG was formed in April 2024, and through a
total of four WG meetings (including preliminary
consultations), a coordination framework was
established among relevant institutions.
Activity 3-2 | Identify issues in the agriculture and livestock sector | Achieved
where space-related technologies can be effectively The current situation and challenges of relevant
applied institutions were reviewed, and potential
applications of space technologies, and key issues
were successfully identified.
Activity 3-3 | Define the scope of applying space-related Achieved

Based on the issues identified in Activity 3-2—such
as the lack of wide-area monitoring methods,
difficulty in early response to climate change,
labor-intensive growth assessment, and limitations
in statistical accuracy—the pilot project was
designed with a focus on establishing a method for
as wide-area monitoring of soybean growth.

Activity 3-4

Develop a procurement plan for satellite data and
equipment (hardware and software) for data
processing and collection

Achieved

Through information sharing with WG members,
the timing for satellite image procurement was
determined, and a procurement plan was developed
accordingly.

Activity 3-5

Conduct capacity building on satellite data analysis
and utilization methods to improve productivity and
quality in agriculture and livestock

Achieved

Through training on satellite data analysis,
participants acquired foundational skills in field
surveys, automated analysis, and crop
classification. As a result, AEP became capable of
independently creating and applying growth maps.

Activity 3-6

Implement the pilot project by leveraging existing
agreements with the WG, academia, and other
governmental and non-governmental organizations

Achieved

In collaboration with WG members, a soybean
growth map linked to field survey results was
created, and a prototype crop classification map
was developed using the collected data.

Activity 3-7

Disseminate the results of the pilot project locally and
internationally

Achieved

A workshop was held locally to present the growth
map and manual. The methods used in the project
were shared both within and outside the WG in a
format applicable to other regions.

4.2.

Issues and Ingenuities

Geographical constraints, time differences in 12-hour, and long-trip-intervals, about 10-month between
the 2nd and the 3rd Trips were huge issues for operating the Project between Japan and Paraguay. 4.2.1 to
4.2.3 show issues, ingenuities and precepts which JICA Consultant Team and AEP Team faced for the
operations of the Project.

65



4.2.1. Issues and Solutions in Output 1

Table 4.2.1-1. shows the challenges faced in implementing the activities for Output 1, as well as the
solutions.

Table 4.2.1-1. Challenges and Solutions in implementing activities for Output 1
Activity Challenges and Solutions

Activity 1-1 e Inorder to confirm the status of AEP's existing facilities and satellite data analysis methods and tools,
interview survey was conducted to not only with AEP but also with user ministries and agencies.
multifaceted assessments of the status of space systems and satellite data utilization in Paraguay was
conducted.

Activity 1-2 e By conducting specific interviews about AEP's organizational structure and outlook, which are
important in formulating medium- to long-term plans, the awareness of formulating plans with an eye
to the future were shared among the Project Team.

Activity 1-3 e  Enhancement of capacities for launching the Paraguayan flight models and continuing small satellite
developments by AEP independently were required, KCCP for Upstream was considered and prepared
for 6-month program as the 1% Batch and 2-month as the 2" including the engineering model test
which was developed by AEP for raising the level of satellite developments and operation capacities.

e 2" Batch of KCCP was a highly challenging program, because its purpose was to complete the
development of the GaraniSat-2 Engineering Model and conduct testing at Kyutech. Multiple online
preparation meetings were held to ensure smooth implementation of the training.

Activity 1-4 o  AEP requested that as many engineers as possible participate; however, due to the initially assumed
upper limit of the project budget, it was necessary to adjust the number of participants within this
limit. For the agriculture and livestock field study in particular, the amount of on-site verification
work that could be performed was limited depending on the time of visit to Japan, so we reached an
agreement with AEP in advance on the content of the field study. Regarding the number of participants
in the training, we reduced the initial two visits to Japan to one, allowing as many analysis engineers
as possible to come to Japan within budget.

Activity 1-5 e  Rather than a one-sided introduction from our Japanese organization, the Paraguayan side also

presented general information, current efforts in agriculture and livestock farming and disaster

prevention, as well as the challenges facing both themes and expectations for satellite use, leading to
effective discussions aimed at continuing cooperation between the two sides.

4.2.2. Issues and Solutions in Output 2

Table 4.2.2-1. shows the challenges faced in implementing the activities for Output 2, as well as the
solutions.

Table 4.2.2-1. Challenges and Solutions in implementing activities for Qutput 2
Activity Challenges and Solutions

Activity 2-1 e In the disaster prevention field, floods and forest fires are identified as disasters. Consequently,
depending on the disaster type, some organizations may not qualify as WG member institutions.
Therefore, guidelines for establishing the WG were created to ensure alignment on the content to be
discussed within the WG, as well as on activity plans and outcomes. Furthermore, regarding the types
of disasters to be covered, broad input was sought during WG meetings to ensure the focus would be
on disasters of high interest.

o After the WG was formed, there was a prolonged period without travel for on-site pilot project support
or workshop organization, making it difficult to hold face-to-face WG meetings. This challenge was
addressed by conducting WG meetings online during periods when the JICA consultant team was
absent.

Activity 2-2 e None
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Activity 2-3 e When defining the scope of the pilot project, it was necessary to encourage active involvement from
the WG members in the disaster prevention field. Therefore, discussions during WG meetings were
handled by AEP, allowing members to debate in their native languages and fostering the generation
of ideas from WG members.

Activity 2-4 e The data required for creating flood hazard maps encompasses not only satellite data but also various
types of data. Furthermore, to ensure the flood hazard maps accurately reflect local conditions in
Paraguay, locally measured data is essential. Since AEP's independent data collection efforts have
limitations, explanations of the data to be used were provided during WG meetings, and efforts were
made to collect data through WG members. Additionally, collecting data from WG members
strengthened collaboration between AEP and related organizations.

Activity 2-5 e Due to the 12-hour time difference between Japan and Paraguay, training sessions were conducted
during the morning hours in Japan and the evening hours in Paraguay, lasting approximately 1 to 2
hours per day.

e  Asdata processing by iRIC requires a considerable amount of time and might not be completed within
the training session, data simplification was performed. Additionally, computational processing for
each workflow step was conducted in advance, so that the processing results could be presented during
the training sessions.

e To allow for reviewing training or learning missed sessions later, online lectures were recorded as
videos and made available on a shared platform along with the lecture materials. This also enabled
training for new members.

Activity 2-6 e  To incorporate flood inundation simulation results into flood hazard maps, it was necessary to input

information required for on-site application in Paraguay. Therefore, while referring to examples from

Japan, the information needed for Paraguay was formulated through discussions with SEN, thereby

deepening mutual understanding. Additionally, to facilitate these discussions, a draft flood hazard map

was prepared for discussion purposes.

Activity 2-7 o Atthe workshop, the implementation details of the pilot project were shared, and by widely publishing
and sharing the flood hazard map creation manual, efforts were made to enable the collection of broad
feedback for improvement.

4.2.3. Issues and Solutions in Output 3

Table 4.2.3-1. shows the challenges faced in implementing the activities for Output 3, as well as the
solutions.

Table 4.2.3-1. Challenges and Solutions in implementing activities for Qutput 3
Activity Challenges and Solutions

Activity 3-1 e Some WG contact points were often in senior management positions, which made scheduling
meetings time-consuming. In particular, although MAG showed strong interest in the project, their
representative frequently traveled for work, making it difficult to arrange in-depth discussions. To
address this, technical-level participation was encouraged to facilitate more practical communication.

Activity 3-2 e  Among WG members, MAG and SENAVE were one of the primary user ministries in the agriculture
and livestock sector. In line with AEP’s intention to maintain balanced engagement, efforts were made
to strengthen relationships with both institutions through close consultations and needs assessments.
These identified needs were then used to enhance the content of the training in Activity 3-5.

Activity 3-3 e  Some tasks, such as acquiring meteorological data, were on the project’s critical path and posed
potential risks to progress. Since WG cooperation was essential for data acquisition, members were
asked to actively share information to prevent delays.

Activity 3-4 e Inagriculture, crop monitoring is highly sensitive to weather and farming activities, making the timing
of satellite image acquisition critical. Therefore, the image procurement plan was kept flexible and
adjusted based on local conditions. To strengthen field coordination, SENAVE was engaged to support
communication with farmers.

67



Activity 3-5 e This was the first WG focused on satellite utilization in agriculture. Despite the presence of satellite-
related departments and personnel in each ministry, there was limited shared understanding of roles
and collaboration. To address this, online training introduced international examples such as JASMAI
(by JAXA and MAFF) and NASA Harvest, highlighting the potential for sustainable frameworks in
satellite data use.

e There were challenges in coordinating with departments outside the one to which MAG’s contact
person belonged. To promote the continued operation of the WG, AEP actively reached out and
encouraged participation from technical staff in other departments during online training, fostering
broader organizational understanding and dissemination of satellite technologies.

Activity 3-6 e Due to the lack of travel during the pilot project and time zone differences, it was difficult to monitor
analysis progress in real time. Monthly meetings and email communication were used to maintain
regular updates and prevent delays. Given the large volume of satellite imagery, a tool for automated
crop classification map generation was proposed, and its workflow was shared with AEP to improve
efficiency.

e  The limited availability of ground data posed challenges to the accuracy of crop classification maps.
This issue was addressed by explaining the need for continued discussion and collaboration within
the WG to improve data quality.

Activity 3-7 e  Project results were presented at a workshop, where dialogue with participants helped demonstrate

the usefulness and applicability of the technology. The manual developed as part of the project was

made publicly accessible online.

4.3. Evaluation Results based on 6 Evaluation Criteria of DAC

The results of this project were evaluated by JICA Consultant Team and AEP members based on the
Organization for Economic Co-operation and Development/Development Assistance Committee (OECD-
DAC)'s six criteria for evaluating ODA, as follows:

B Relevance

The Project demonstrated the effectiveness of satellite data utilization in disaster management and
agriculture, high-priority sectors for solving social issues, and also building up technologies for developing
socioeconomics through small satellite developments in preparation for the future utilizations of data
acquired by Paraguay's own satellites. Those activities were appropriate as in line with Paraguay's National
Development Plan 2030, which aims to improve capacity in the space sector as a whole, as well as social,
economic, scientific, and technological capabilities, by strengthening the ability to utilize space-related
technologies and promoting decision-making based on geospatial information.

B Coherence

The Project was carried out as part of Japan's Country Assistance Policy for Paraguay (June 2021),
Priority Area 1: Sustainable Economic Development, and Development Objective 1-1: "Environmental
Development for Major Agriculture-livestock Products." In response to the significant impact of climate
change on agriculture-livestock industry in Paraguay, the pillar of the country's socioeconomics due to
natural disasters such as heatwaves, floods, droughts, and forest fires, this project expands the use of
satellite technology to promote efforts to mitigate and mitigate the impacts of climate change in agriculture-
livestock productions and disaster managements. The Project was expected to contribute to SDGs Goal 2
(Zero Hunger), Goal 11 (Sustainable Cities and Communities), and Goal 13 (Climate Action). Furthermore,
during former Prime Minister Kishida's visit to Paraguay in May 2024, the leaders of both countries
announced the Japan-Paraguay Space Cooperation Program, a Japanese industry-academia-government
collaboration aimed at utilizing Japan's space technology and industry to address agricultural production
challenges through the use of satellite data.

B Effectiveness

The Project Purpose was set as “The ability to utilize space-related technologies in Paraguay is
strengthened and geospatially informed decision-making is promoted”. Effectiveness of the Results were
shown by following Indicators of the Project Purpose.
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Indicator 1: Number of interagency projects in which AEP was involved

Four Projects including Pilot Projects conducted through the Project were operated. Two more Projects
with SENAVE for monitoring tomato fields and with INE and other institutions for developing Data
Infrastructure were begun derived from the Project.

Indicator 2: Number of value-added satellite data products in and beside pilot projects by GEOLab, AEP

Three value-added satellite data products were released in Pilot Project. Flood Hazard Maps and Hazard
Map Creation Method were released and utilized as a basic data for discussions about disaster managements.
Crop Monitoring Method by satellite data analysis and field survey was established, and wide area
monitoring for agricultural productions became possible. One value-added satellite data product as an
application for monitoring tomato field was released beside the Pilot Project.

Indicator 3: Number of Paraguayan staff have training programs in Japan and Paraguay

Total 10 trainees had training programs on upstream and downstream of space technologies in Japan
between August 2024 and May 2025. By participating in BIRDS-RPM (a small satellite development
program run by Kyutech in collaboration with Rwanda, Paraguay, and the Maldives), the attendee was able
to deepen their knowledge of the basic technologies involved in small satellite development and operation,
as well as the importance of international collaboration in space development. Furthermore, by the test of
GuaraniSat-2 EM, AEP Team was able to not only acquire the skills required for operating a test
environment but also progress one stage in the development of GuaraniSat-2, which AEP develops
independently. AEP began to develop GuaraniSat-2 FM, aiming for the launch in October 2026. By learning
about specific examples of satellite data utilizations in disaster managements and agriculture by Japanese
ministries and local governments, AEP Team was able to deepen their knowledge of space systems and
satellite data utilizations as the national institution. Through lectures at Gifu University and Hokkaido
University, AEP Team was able to improve their satellite data analysis skills. In particular, the flood
simulation analysis technologies implemented at Gifu University were applied into creating flood hazard
maps and used as basic data for cross-ministerial studies of countermeasures in Paraguay.

B Impact

As impacts on social systems: the overall goal of the project is to "improve Paraguay's overall space
capabilities and strengthen its social, economic, scientific, and technological capabilities." By strengthening
its own small satellite development capabilities, Paraguay has become a hub for small satellite development
in Latin America. As a result, Paraguay is expected to be able to lead the way in space technology
development in the region. Furthermore, INE and related organizations have begun exploring the
integration of social infrastructure data, including satellite data, at the national level. The Project has no
impact on human rights, gender, or the environment.

As impacts on people’s happiness: while regional flood hazard maps based on flood simulations were
not available, the flood hazard maps developed through the pilot project and the results of the Working
Group's activities would contribute to future flood prevention measures and local resident evacuation. The
Working Group of agriculture-livestock through Pilot Project launched a new project with MAG, SENAVE,
and related organizations, strengthening the use of satellite data in the agriculture-livestock sector.

B Efficiency

Huge time difference about 12-hour, long distance between Japan and Paraguay, JICA Consultant Team
and AEP Team were difficult to have activities in Asuncion often. Both JICA Consultant Team and AEP
Team had communications frequently, and they input all items on schedule. Both JICA Consultant Team
and AEP Team, moreover, utilized online systems for holding monthly meetings, other discussions and
online training programs effectively even though considerations of the time lags between Japan and
Paraguay. Table 4.3-1. shows the Outputs, their results and inputs from both Japanese and Paraguayan sides.

Table 4.3-1. Outputs, Results and Inputs
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Output Result Inputs from Japan Inputs from Paraguay
Output 1: Human resources | All KCCPs were e Experts o Staffing
and infrastructure for AEP conducted, and Space [ e Preparations for KCCPs e Preparations for KCCPs
upstream and downstream Strategic Plan was e Conductions of KCCPs e Attending KCCPs in Japan
will be strengthened. designed. e Preparations for Workshop e Preparations for Workshop

o Conductions of Workshops e Conductions of Workshops

Output 2: AEP and related WG discussed about e Experts o Staffing
agencies implement pilot issues and made o Finding issues e Arrangements of relevant
projects to improve capacity | floods hazard maps, o Preparations for ministries/agencies
for analyzing disaster risk, created, revised and establishments of WG e Preparations for
and preventing and released Manual e Proposing satellite data establishments of WG
responding to natural analysis methods Establishments of WG
disasters. e Technical transfers Operations of WG

Publishments of Results

Publishments of Results
Considerations and

operations of derived projects

Output 3: AEP and related WG discussed about o Experts o Staffing
agencies implement pilot issues and conducted | e Finding issues e Arrangements of relevant
projects to improve capacity | field survey for o Preparations for ministries/agencies

for management of
agriculture and livestock
information related to

monitoring soybean
growth, created,
revised and released

establishments of WG
Proposing satellite data

Preparations for
establishments of WG

e ) analysis methods e Establishments of WG
productivity and quality of Manual e Technical transfers e Operations of WG
products. e Publishments of Results e Publishments of Results

e Considerations and

operations of derived projects

B Sustainability
Policy and Institutional Aspects

Through the Project, JICA Consultant Team and AEP Team established WGs for satellite data utilizations
on disaster management and agriculture-livestock sectors. Project for tomato field monitoring with
SENAVE and MAG was derived from Pilot Project. Also, the consideration about data infrastructure for
integrating national level data was begun to be discussed among AEP, INE and other relevant agencies.
AEP has established a framework that enables it to contribute to future socioeconomic developments
through cooperation with relevant ministries and agencies.

Organization and Structure

Regarding the organizational structure, AEP would establish two technical departments: SPACELab
which would have responsibilities to upstream activities (small satellite developments and operations); and
GEOLab which would have responsibilities to downstream activities (satellite data utilizations). The ability
to analyze satellite data obtained through the operation of developed small satellites and to provide solutions
based on those analyses could serve as the foundation for sustainable space utilization, and remains both a
future objective and an ongoing challenge.

Technical

Through the Project, the AEP team acquired the capacity to develop small satellites, appropriately
analyze satellite data, and compile information—based on satellite data analysis and field survey results—
that contributes to addressing socioeconomic challenges, particularly in the agriculture-livestock and
disaster management sectors. As a result, the AEP team has become able to contribute to future economic
development through cooperation with relevant ministries and agencies.

Financial

Approaching to MEF for raising the annual budget would be important due to AEP budgets was limited
for conducting their space activities. cooperation with relevant stakeholders, especially academia/research
institutions and private sectors could be also important. Arrangement of sustainable financial structure
would lead to broaden the ranges of sustainable small satellite developments and operations and satellite
data utilizations, and it would contribute to improvements of space technologies for the enhancements of
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socioeconomics in Paraguay.

Environmental and Social Aspects

Techniques of small satellite developments and satellite data utilizations are available to be applied into
ecosystem managements in Paraguay where has received impacts of droughts and flood caused by climate
change. Space techniques would contribute to the sustainable developments from both socioeconomic
development and environmental management aspects.

Responding to Risks

Satellite data analysis techniques with the main pillar to utilize open-free GIS software and satellite data
were installed through the Project, the idea was designed to arrange the sustainable technical foundations
with low operation fees.

Operation and Maintenance

AEP Team establishes and works new projects under the cooperation with WG members. AEP is the
middle way to arrange the structure which enables to provide new satellite data applications contributing
to socioeconomic issues by operations of sustainable WGs.

4.4. Resultss for Indicators of Each Output

Table 4.4-1., Table 4.4-2., and Table 4.4-3. shows the results for indicators of Output 1, 2, and 3,
respectively.

Table 4.4-1. Results for Indicators of Output 1
Indicator Results
1-1 Number of trained persons Total 10 Trainees (7 males and 3 females)
considering gender balance | 7 trainees (4 males and 3 females) attended KCCP on Satellite Data Utilization
between August and September 2024; 1 trainee (1 male) attended KCCP on Small
Satellite Development including as a developer at BIRDS-RPM Project (Satellite
Development among Rwanda, Paraguay and Moldova) between October 2024 and
March 2025; and 2 trainees (2 males) attended KCCP on Small Satellite Development
(GuaraniSat-2 Engineering Model Testing) between April and May 2025.
1-2 | Number of seminars and 3 Times
workshops 2 workshops were held for introductions of results of Pilot Projects and Space Business
Networking on February 19, 2025, and September 12 respectively. Also, a workshop
among Japanese space business sector, Rwanda Space Agency and AEP as a part of
KCCP on Satellite Data Utilization at Tokyo on August 22, 2024.
1-3 Satisfaction of seminars and | Satisfied
workshops AEP Team achieved and shared the abilities to develop and operate space technologies
of upstream and downstream through workshops and seminars. They also developed
new collaborations for enhancing space business with Japanese space companies.
Attendees commented: new business creations were expected through accelerations of
space system developments through the business level cooperation.

Table 4.4-2. Results for Indicators of Output 2
Indicator Results
2-1 Number of trained persons 7 Trainees (4 males and 3 females)
considering gender balance | 7 trainees (4 males and 3 females) attended KCCP on Satellite Data Utilization
between August and September 2024; and total 38 trainees attended online training
programs for monitoring hydrological analysis with open-free software, iRIC and RRI
Model for analyzing satellite data between October 2024 and August2025.
2-2 | Number of seminars and 3 Times
workshops 2 workshops were held for introductions of results of Pilot Projects and Space Business
Networking on February 19, 2025, and September 12 respectively. Also, a workshop
among Japanese space business sector, Rwanda Space Agency and AEP as a part of
KCCP on Satellite Data Utilization at Tokyo on August 22, 2024.
2-3 Satisfaction of seminars and | Satisfied
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workshops

AEP Team achieved and shared their results of Pilot Projects on workshops. They also
developed new projects and cooperation with relevant ministries and agencies by
utilizing space technologies for contributing to solutions of socioeconomic issues in

Paraguay.
2-4 Number of PoC, Number of | PoC: 2
practical plans from e 1 of PoC: AEP Team applied their achieved methods to release flood hazard maps
activity, number of papers by satellite data analysis and discussions with SEN as PoC.
and reports related to e 1 of practical plan from the activity: AEP Team began projects with INE and other
activity agencies for developing Data Infrastructure; and
e 3 papers/reports related to activity were released: Results of Pilot Project were
compiled as hazard maps and the manual. The first and revised versions were
released in February 2025 and September 2025 respectively. Also, the results of
Pilot Project were introduced at Small Satellite Conference at Salt Lake City,
United Sates in August 2025.
Table 4.4-3. Results for Indicators of Output 3
Indicator Results
3-1 Number of trained persons 7 Trainees (4 males and 3 females)
considering gender balance 7 trainees (4 males and 3 females) attended KCCP on Satellite Data Utilization
between August and September 2024; and 24 trainees attended online training for
monitoring soybean growth by satellite data analysis.
3-2 | Number of seminars and 3 Times
workshops 2 workshops were held for introductions of results of Pilot Projects and Space
Business Networking on February 19, 2025, and September 12 respectively. Also,
a workshop among Japanese space business sector, Rwanda Space Agency and
AEP as a part of KCCP on Satellite Data Utilization at Tokyo on August 22, 2024.
3-3 Satisfaction of seminars and Satisfied
workshops AEP Team achieved and shared their results of Pilot Projects on workshops. The
result was described by participants as “highly beneficial for local agricultural
management.” They also developed new projects and cooperation with relevant
ministries and agencies by utilizing space technologies for contributing
socioeconomic issues in Paraguay.
34 Number of PoC, Number of Satisfied
practical plans from activity, PoC: 3

number of papers and reports
related to activity

e 1 of PoC: AEP Team applied an analyzed satellite data distribution application
provided by a Japanese company for monitoring crop growths as PoC.

e 3 of practical plans from the activity: AEP Team began projects with SENAVE
for monitoring tomato fields, with INE and other agencies for developing Data
Infrastructure and with a private company for developing satellite data
application as practical plans which were derived from the activity; and

e 2 of papers/reports related to activity were released: Results of Pilot Project
were compiled as the manual, and the first and revised versions were released
in February 2025 and September 2025 respectively. Also, the results of Pilot
Project were introduced at Small Satellite Conference at Salt Lake City, United
Sates in August 2025.
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Chapter 5.  Suggestions for Achievements of Overall Goal

5.1.  Prospects of Achievements of Overall Goal

Overall Goal of the Project was set as to “Contribute to the development of national skills in the space
sector and strengthen the country's social, economic, scientific and technological development”. JICA
Consultant Team and AEP Team evaluate its indicators for prospecting their achievements of Overall Goal.
Table 5.1-1. shows the results of the evaluations.

Table 5.1-1. Evaluations of Indicators for Overall Goal

# Indicator Evaluation
1 | Number of projects utilizing space Current Status (as of August 2025): 4 Projects
related technology in public and Future (3-year after the end of the Project): 6 Projects

private sector Derived projects for utilizing space technologies by public and private sectors

from the Project have been operated.

1. International cooperation for the developments GuaraniSat-2: testing at
Kyutech, the mission component provision by NASA/JPL, the component
provision from AEM (Mexican Space Agency) and the solar power system
provision from Italian company.

2. Tomato field monitoring project with SENAVE

3. Development of data infrastructure with INE and relevant agencies

4. Development of appllcatlon with Japanese company

WGs were established for aiming to utilize space technologies for contributing to

disaster management and agriculture-livestock. AEP Team set Action Plan to

develop applications and space technologies with WGs.

1. Agricultural Projects: 2

2. Disaster Management. Project: 1

3. Development Data Infrastructure Project: 1

4. Public-Private Project: 1

2 | Number of public data based on Current Status (as of August 2025): 48 Datasets

geospatial information Future (3-year after the end of the Project): 100 Datasets

AEP Team provides information of forest fires through monitoring with satellite

data. AEP Team distributes data over the internet and sends as letters to relevant

ministries and agencies.

By utilizing free Sentinel-2 data operated by ESA, target areas can be observed

approximately once every five days. When monitoring three crops per year,

assuming that approximately 40% of the data are affected by high cloud
coverage, around 100 datasets per year can be analyzed and distributed to
relevant ministries and agencies, as data with high cloud coverage are difficult to
analyze

3 | Number of users of data provided Current Status (as of August 2025): 50 Users

Future (3-year after the end of the Project): 300 Users

Accordingly, provided that continued efforts are made, there is a reasonable prospect for achieving the
Overall Goal.

5.2.  Results of Outputs and Activities for Achievements of Project Purpose

The Project Purpose of the Project was set as “The ability to utilize space-related technologies in
Paraguay is strengthened and geospatially informed decision-making is promoted”. JICA Consultant Team
and AEP Team evaluate its indicators for prospecting their achievements of Project Purpose. Table 5.2-1.
shows the results of the evaluations.
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Table 5.2-1. Results of Qutputs and Activities for Project Purpose

# Indicator Results
1 | Number of interagency projects in Current Status (as of August 2025): 4 Projects
which AEP was involved Derived projects for utilizing space technologies by public and private sectors

from the Project have been operated.
1. International cooperation for the developments GuaraniSat-2: testing at

provision from Italian company.
2. Tomato field monitoring project with SENAVE
3. Development of data infrastructure with INE and relevant agencies
4. Development of application with Japanese company

Kyutech, the mission component provision by NASA/JPL, the component
provision from AEM (Mexican Space Agency) and the solar power system

2 | Number of value-added satellite Value-added Satellite Data Products: 3 Products

data products in and beside pilot Other value-added Satellite Data Products: 2 Products
projects by GEOLab, AEP 3 Products were released through the Pilot Projects:

1.  Flood Hazard Maps
2. Manuals for Flood Simulations and Hazard Map Creation
3. Soybean Growth Monitoring
2 Products were released beside Pilot Projects:
1. Tomato Field Monitoring Project with SENAVE
2. Satellite data application development with Japanese company

3 | Number of Paraguayan staff have 4 Training Programs were provided through the Project. A staff from another
training programs in Japan and agency also attended KCCP for Downstream.
Paraguay 1. KCCP for Downstream

2. KCCP for Upstream, First Badge & Second Badge
3. Online Training Programs for Flood Simulations and Hazard Maps
4.  Online Training Programs for Soybean Growth Monitoring

Project Purpose was achieved: all indicators were filled with enough results through the Project.

5.3.  Suggestions to Paraguayan Side

Suggestions to Paraguayan side for small satellite developments and operations and satellite data

utilizations were compiled through the Project.

Small Satellite Developments and Operations

- To address the shortage of engineers with advanced expertise, it is necessary to increase the
frequency of the development and testing cycle for small satellites. Therefore, rather than rushing to
increase the size of satellites, it is necessary to stagger and overlap development projects for 1-12U
small satellites. This allows engineers in charge of each component to work on one small satellite
every 6 months - 1 year, rather than every two years. This will improve technology, transfer skills to
other engineers, and ultimately secure capable human resources. Furthermore, given the limitations
of funding an entire project with a national budget, it is important for Paraguay to actively participate
in small satellite projects in other countries and take on some of the components and testing to

achieve a high-frequency development cycle.

- Regarding the lack of testing and operation facilities for small satellites in Paraguay, the Japanese
government is currently considering developing such facilities within the framework of grant aid.
This will not only reduce the additional costs of overseas testing, but also encourage neighboring
countries, particularly in Latin America, to conduct small satellite testing in Paraguay, which could
encourage other countries to participate in international satellite development through barter and
potentially obtain funding for testing from other countries. However, even if the testing and operation
facilities are developed, it is necessary to consider the need to improve the ability to operate the

facilities and to conduct ongoing satellite testing to maintain operational capabilities.

- Unable to identify the optimal onboard sensors and satellite data for satellite data utilization in
Paraguay, the country is currently unable to develop satellites for its own use. It is expected that
activities to promote satellite data utilization in Paraguay, such as this JICA project, will identify
priority applications, which will in turn promote the development of small satellites equipped with
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sensors that will contribute to those applications. In doing so, it is important to consider the budget
constraints of the AEP and explore the possibility of joint international missions equipped with
payloads and subsystems from other countries. It is also expected that in the future, sharing of small
satellite constellations with other countries (participating in virtual constellations of identical
satellites by multiple countries) will also be considered.

- Satellite development cannot be completed in six months. It takes at least two years in typical
Kyutech program. This time, AEP carried out everything from mission design, design, procurement,
and development of BBM, but subsequent processes include improving the bus and
components/developing and testing the Flight Model (FM). Therefore, in order to acquire practical
skills in satellite development, it would be even better if the training included experiencing all of the
processes.

- When actual satellites are developed in collaboration with other countries, there are issues such as
the risk of delays in satellite components/payloads development in other countries and the issue of
paying import duties when transporting satellites across borders. When conducting this kind of
trainings, it is necessary to anticipate these issues in advance and set schedule margins in the planning
stage as well as cost margins in order to ensure smooth implementation.

Satellite Data Utilizations

- Because activities will continue with a limited AEP budget, collaboration with relevant stakeholders,
particularly academia/research institutions and the private sector, is necessary to lobby financial
authorities and secure an increase in the budget. It is important for AEP to take the lead in
strengthening collaboration with the domestic and international private sector, and for Paraguayan
academia/research institutions to participate in collaborative activities with the private sector, thereby
creating a virtuous cycle in which domestic private companies spin out and start-up companies are
created.

- As it is difficult to promote adaptation in all utilization themes due to resource constraints, it is
important to continue activities to promote the use of satellite data in agriculture and livestock and
disaster response, which were the focus of this training. Demonstrating good practices through actual
implementation will lead to increased budgets from financial authorities and the expansion of
adaptation themes. It is also necessary to link this to budgetary measures for the training of engineers
and human resource development for deployment.

- In continuing to promote the use of satellite data, obtaining various types of satellite data will be a
challenge. While open and free data will continue to be obtained and utilized, other commercial data
will also be required to achieve the goal. Therefore, it is important to acquire as much satellite data
as possible at the lowest possible cost while expanding international cooperation between space
agencies. Furthermore, for the time being, commercial data required for high-priority applications
will be purchased within the budget. At the same time, it will be necessary to advance research and
development of domestic small satellites and consider obtaining own data from domestic satellites
to use it for the high-priority applications.

- The training's goal was achieved, and participants expressed various expectations for future
implementation activities toward the practical application of space technology to Paraguay's
socioeconomic needs. It is also important for Paraguay, to establish a path for industry-government-
academia collaboration and roles in utilizing space technology, and to promote practical applications
that contribute to solving socioeconomic and societal challenges. Furthermore, rather than relying
solely on one side of the world, given Paraguay's geographic location and its proximity to South
America, where many countries are keen to develop and utilize small satellite data. That cooperation
will build a win-win relationship that benefits Japan as well, through near-real-time data acquisition
by each receiving station and the establishment of a regional base in South America (where Japanese
private companies can use Paraguay as a base to promote business ecosystems in South America).

Enhancements of Budget Allocations and Organizational Structure
- Approaching to MEF for raising the annual budget would be important due to AEP budgets was
limited for conducting their space activities. cooperation with relevant stakeholders, especially

75



academia/research institutions and private sectors could be also important. Arrangement of
sustainable financial structure would lead to broaden the ranges of sustainable small satellite
developments and operations and satellite data utilizations, and it would contribute to improvements
of space technologies for the enhancements of socioeconomics in Paraguay.

- Enhancements of technical capacities are required for expanding and continuing activities at AEP.
Developments and implementations of capacity development plans including career plan based on
the knowledge gained from training in Japan and Pilot Projects would lead to expanding the base of
space talents in Paraguay for future.

Interactions with Japanese space-related ministries, universities, and private companies

- Through two KCCP (upstream and downstream) and activities for Output 1, this project held
workshops in Tokyo and Asuncion. It also provided the opportunity for participants to learn about
Japanese space technology, space policy, and space business through university lectures. These
activities enabled AEP to advance application development with Japanese companies. This is a major
step and achievement in space development and utilization. JICA Consultant Team hopes to see the
development of space policy and space business involving Paraguayan private companies in the
future.

5.4. Recommendations for Satellite Data Utilizations on Disaster Managements

Through the activities of Output 2, the project promoted collaboration with relevant ministries and
agencies regarding the utilization of satellite data in disaster prevention and fostered human resource
development. Based on these efforts, recommendations were compiled for Paraguay concerning the
strengthening of collaboration with relevant ministries and agencies and the creation of flood hazard maps
implemented in the pilot project.

Strengthening Collaboration with Relevant Ministries and Agencies
This project established a Working Group (WG) involving ministries and agencies relevant to disaster

prevention. A pilot project was implemented to determine the most appropriate and most desired
applications of satellite data for these agencies. Through this pilot project, data necessary for flood
inundation simulations was collected with the cooperation of WG members, strengthening collaboration
with other ministries and agencies. Continuing WG activities is expected to further strengthen these
relationships and lead to the development of procedures documenting collaboration and utilization of
satellite data, not limited to flood hazard maps. Particularly, as cooperation regarding international charters
for satellite data collection during disasters is being implemented between SEN and AEP, there is a need
for procedures covering satellite data utilization during the disaster management phase, including
coordination and initial response systems when disasters occur.

Flood Hazard Map

In the flood hazard map creation conducted during the pilot project, the inundation areas obtained after
flood inundation simulations were used as a basis. Through discussions with SEN, necessary information
for the flood hazard map, such as evacuation shelter information and evacuation route information, was
incorporated into the creation process. Further discussions with SEN are also needed regarding the
scenarios used in the flood inundation simulations. Since different flood scenarios must be considered for
each region requiring a flood hazard map, it is hoped that, implementing on the workflow established in the
pilot project, collaboration with SEN will deepen, enabling the sequential development of flood hazard
maps for other regions. Furthermore, it is hoped that within the same region, flood hazard maps will be
developed for different scenarios, contributing to resident evacuation drills and disaster countermeasure
planning.

It is expected that personnel training will continue broadly, utilizing the lecture materials and videos from
the online training conducted in the pilot project, thereby establishing a system that does not rely on specific
staff members.
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5.5. Recommendations for Satellite Data Utilizations on Agriculture-livestock

Through the activities of Output 3, the project promoted collaboration with relevant ministries and
agencies regarding the utilization of satellite data in agriculture and livestock sector and fostered human
resource development. Based on these efforts, recommendations were compiled for Paraguay concerning
satellite utilization in agriculture sector.

Satellite Data Utilization in Agriculture Sector

The utilization of satellite data in the agriculture and livestock sector is significantly influenced by local
weather conditions and regional characteristics, making it challenging to produce clear and immediate
results. In particular, information related to crop growth and livestock management is subject to
considerable seasonal and annual variability. As such, observations conducted over a single year are often
insufficient to identify reliable trends. Therefore, satellite data applications should be approached from a
medium- to long-term perspective, grounded in continuous data collection and field-based analysis.

Given these characteristics, it is essential to clearly communicate to relevant ministries and counterpart
organizations in the target country that satellite data utilization is not intended to yield instant outcomes.
Rather, it is a process of gradually building reliable insights over time. When forming consensus with local
policymakers, it is effective to manage expectations by presenting case studies that demonstrate the long-
term benefits of satellite data, along with practical models for sustained application.

It was also observed that some institutions—such as MAG and other related agencies—collect data
independently. In such cases, there is a risk of data fragmentation, duplication, and inefficient use.
Strengthening collaboration among relevant institutions is therefore critical. The WG established under this
project provides a valuable framework for promoting inter-ministerial cooperation. Moving forward, the
WG should serve as a central platform for advancing open and collaborative data sharing and utilization. It
is important for stakeholders to recognize that satellite data utilization is not merely a technical task, but a
strategic tool for cross-sectoral information integration.

Efficient Project Execution

Furthermore, in the local context, formal documentation is often emphasized. When organizing WG
meetings or making requests to relevant institutions, it is necessary to prepare official documents such as
invitation letters and Terms of Reference (ToR). These documents are not mere formalities; they play a key
role in clarifying roles, responsibilities, and expectations among stakeholders. It is therefore advisable to
prepare templates in advance and establish a system for providing appropriate explanations when making
such requests.

Finally, regarding the procurement of satellite imagery, when data obtained by the Japanese side is to be
shared with overseas counterparts, it may be necessary to confirm usage permissions and distribution
restrictions. These confirmation processes can be time-consuming. Therefore, it is important to initiate
procedures related to satellite image procurement and distribution early in the project and coordinate closely
with relevant institutions.
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Chapter 6. Action Plan

As resFonse to the recommendations for achieving the Overall Goal referred in Chapter 5, AEP declared
Action Plan through discussions with JICA Consultant Team.

6.1. Enhancement of Organizational Structure

To improve Cooperation with Relevant Ministries and Agencies through Developing and Utilizing Space
Technologies by improving the frameworks, scopes and activities of Working Groups which were
established through the Project.

To become as a hub of space technologies and information about small satellite developments/ operations
and satellite data utilizations in Latin American and Caribbean countries.

To promote collaboration with a private sector of Paraguay and the other countries. To enhance space
technology’s capabilities of domestic companies as well as institutions/academia through the collaboration
with overseas companies.

6.2. Enhancement of Capacities on Small Satellite Developments/Operations and Satellite Data

Utilizations

To send Colleagues as international students for achieving master’s and doctor’s degrees of space system
developments and operations and satellite data utilizations to Japan and European countries.

To plan practical developments of GuaraniSat Series and operations including obtaining budgets and
domestic/international space development frameworks. Also, to achieve frequent cycle of satellite
development opportunities through the implementation of not only GuaraniSat Series Program but also
participation in other countries’ nano/micro satellite programs.

To work on domestic/international joint research projects by utilizing satellite data and providing
analyzed data and applications especially contributing disaster managements, agriculture-livestock and

others.

6.3. Drafts of Quantitative Indicators for Action Plan

Table 6.3-1. shows the quantitative indicators for Action Plan.

Table 6.3-1. Drafts of Quantitative Indicators for Action Plan

Agencies in

Data Infrastructure: 1

Disaster Management: 1

q a.n Value and Evaluation Date and
it Activity Current Status Target Value Acquisition Method
Enhancement of | Cooperation with | Number of Joint Research | Number of Joint Research | 3-year-later since the
Organizational Relevant projects: 3 projects: 6 End of the Project
Structure Ministries and Agriculture: 1 Agriculture: 2 Reports, Applications,

System Logs, etc.

Paraguay Gov-Private Data Infrastructure: 1
Collaboration: 1 Gov-Private
Collaboration: 2
International Number of Consultations | Number of Consultations | 3-year-later since the
Space Tech Hub for Small Satellite for Small Satellite End of the Project
in LAC Developments: 0 Developments: 2 Reports,

Space Agencies: 1
Academia: 1

Number of Data and
Technique Sharing of
Satellite Data Utilizations:
0

Number of Data and
Technique Sharing of
Satellite Data Utilizations:
2

Disaster Management: 2

3-year-later since the
End of the Project
Reports, MOU
Documents, etc.
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Collaboration
with a private
sector

Number of MOU or joint
project with private
companies

MOU: 2; Domestic 1;
International 1

Number of MOU or joint
project with private
companies

MOU: 4, Domestic 2;
International 2

3-year-later since the
End of the Project

Reports, MOU
Documents, etc.

Enhancement of
Small Satellite
Developments
and Operations
and Satellite
Data Utilizations

Degrees at
International
Universities

Number of Doctor’s and
Master’s Degrees for
Small Satellite
Developments and
Operations: 5

Doctor: 1

Masters: 4

Number of Doctor’s and
Master’s Degrees for
Small Satellite
Developments and
Operations: 7

Doctor: 1

Masters: 6

3-year-later since the
End of the Project
Careers

Number of Doctor’s and

Number of Doctor’s and

3-year-later since the

Master’s Degrees for Master’s Degrees for End of the Project
Satellite Data Utilizations: | Satellite Data Utilizations: | Careers
1 4
Doctor: 0 Doctor: 1
Masters: 1 Masters: 3
Master Plan of Number of Developed Number of Developed 3-year-later since the

GuaraniSat Series
Development and
Operation

and/or Developing

and/or Developing

Satellites: 2 Satellites: 3
Number of Operated Number of Operated
Satellites: 1 Satellites: 2
Achieved Number of Achieved Number of

Joint Satellite
Development Program
with Other Countries
Joint Program: 0

Joint Satellite
Development Program
with Other Countries
Joint Program: 3

Number of Scheduled
Satellite Including
Obtaining Budget: 0

Number of Scheduled
Satellite Including
Obtaining Budget: 1

End of the Project
Results of
Developments and
Operations, Master
Plan, etc.
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A7AS 1-1 (Annex 1-1): Results of the Project

List of Dispatch of the Experts

Name/Affiliation Shinsaku Nakamura/Japan Space Systems
In Charge Chief Expert/Survey and Analysis
Main Activities e  Conduct meetings
e  Evaluate satellite data analysis methods and tools at AEP
e  Make policies for the enhancements based on the evaluation results about AEP facilities
e  Provide training programs for satellite data analysis and applications
e Conduct Baseline and Endline Survey
e Compile Reports
Trips 1% Trip: November 19 — December 9, 2023
2" Trip: April 14 — April 29, 2024
3 Trip: February 19 — March 2, 2025
4™ Tri: August 30 — September 15, 2025
Name/Affiliation | Kei Sato/SASCO CORPORTION
In Charge Vice-chief/Satellite Data Utilizations for Disaster Management
Main Activities e  Conduct meetings
e  Conduct activities for Output 2
e Compile Reports
Trips 1% Trip: November 19 — December 9, 2023
2" Trip: April 5 — April 29, 2024
3 Trip: January 31 — February 24, 2025
4™ Trip: August 30 — September 16, 2025
Name/Affiliation Yoshinori Kobayashi/Japan Space Forum
In Charge Planning Satellite Data Utilizations
Main Activities e  Provide training programs on small satellite developments and operations
e  Provide a training program on satellite data utilizations
e Provide networking opportunities among AEP and Japanese ministries/agencies,
academia and private companies
Trips 1% Trip: November 24 — December 9, 2023
2" Trip: April 12 — April 29, 2024
3 Trip: -
4" Trip: September 2 — September 16, 2025
Name/Affiliation | Atsushi Kimura/PASCO CORPORATION
In Charge Satellite Data Utilizations for Agriculture-livestock A
Main Activities e  Conduct activities for Output 3
e Conduct and manage schedule for Pilot Project for Agriculture-livestock
Trips 1% Trip: November 19 — December 9, 2023
27 Trip: -
3 Trip: -
4" Trip: September 6 — September 17, 2025
Name/Affiliation | Akie Koga /PASCO CORPORATION
In Charge Satellite Data Utilizations for Agriculture-livestock B
Main Activities e  Conduct activities for Output 3
e Support smooth operation of Pilot Project for Agriculture-livestock
Trips 1% Trip: -
2" Trip: April 5 — April 19, 2024
3t Trip: February 5 — February 24, 2025
4" Trip: September 4 — September 17, 2025
List of Counterpart
Name/Affiliation | Osvaldo Almirén/President of AEP
In Charge Project Director
Name/Affiliation | Alejandro Roman/Director of GEOLab, AEP
In Charge Project Manager
Name/Affiliation | Adolfo Jara/Director of SPACELab, AEP
In Charge Capacity Building for Small Satellite Developments
Name/Affiliation | Anibal Mendoza/ SPACEPab, AEP
In Charge Technical Member for Small Satellite Developments and Operations
Name/Affiliation | Esteban Fretes/ SPACEPab, AEP
In Charge Technical Member for Small Satellite Developments and Operations
Name/Affiliation | Luis Miranda/ SPACEPab, AEP




In Charge Technical Member for Small Satellite Developments and Operations
7 Name/Affiliation | Javier / SPACEPab, AEP

In Charge Technical Member for Small Satellite Developments and Operations
8 Name/Affiliation | Thanya Idoyaga/Member of GEOLab, AEP

In Charge Technical Member for Satellite Data Utilizations
9 Name/Affiliation | Rodrigo / Member of GEOLab, AEP

In Charge Technical Member for Satellite Data Utilizations
10 | Name/Affiliation | Rebeca / Member of GEOLab, AEP

In Charge Technical Member for Satellite Data Utilizations
11 | Name/Affiliation | Veronica / Member of GEOLab, AEP

In Charge Technical Member for Satellite Data Utilizations
12 | Name/Affiliation | Junior Sosa/ Member of GEOLab, AEP

In Charge Technical Member for Satellite Data Utilizations




List of Training Programs

# Name Period # of Trainees Location
1 | KCCP (Downstream) August 19 — September 18, 7 Tokyo,
2024 (6 from AEP Shizuoka,
and 1 from Gifu,
SENAVE) Makinohara &
Hokkaido
2 | KCCP (Upstream) (1 Batch) October 4, 2024 — March 28, | 1 from AEP Kyutech
2025
3 | KCCP (Upstream) (2™ Batch) April 3 — May 30, 2025 2 from AEP Kyutech
4 | Online Training (Flood November 6 — December 13, 38 from Online
Simulation) (1% Batch) 2024 AEP, DMH,
INE, MOPC,
UNA, &
UCA
5 | Online Training (Flood June 24 — August 25, 2025 10 Online
Simulation) (1% Batch)
5 | Online Training (Crop July 15 — July 30, 2025 24 from Online
Monitoring) AEP, MAG
& SENAVE




#i%1-2 (Annex 1-2): Plan of Operation

Plan of Operation (PO)

21

Date: September 12, 2025

Project Title: Project for Management of Space Programs applied to the Socioeconomic Development Monitoring
Year FY 2023 FY 2024 FY 2025 .
Inputs Remarks Issue Solution
O II I1|0I DIV ONoImmv
Expert P
1. Short-term experts (Satellite development/ Plan
testing) Actual
2. Short-term experts (Data utilization Plan
planning) Actual
3. Short-term experts (Data utilization in Plan l
disaster risk reduction) Actual
4. Short-term experts (Data utilization in Plan '
agriculture and livestock sector) Actual
Equipment
: Plan l
Computing resource Actual ;
Satellite data :'a" NN
ctual
Training in Japan
Plan
Upstream
Actual
Plan
Downstream Actual
In-country/Third country Training
Plan
NA Actual




Activities Year 1st Year 2nd Year 3rd Year Responsible Organization . Issue &
o Achievements |~
Sub-Activities 1|o|m|w|i1]|o|m|w]|1|o|n|w]| Japan GOP ountermeasures
Output1: Human resources and infrastructure for AEP upstream and downstream will be strengthened.
Plan n n Baseline Survey
1-1: Conduct an evaluation of AEP's existing gzgvgna::anrz
technical methods and tools and make JICA AEP y
. . Actual operated and the
recommendations for future planning.
reports were
submitted.

Plan N | KCCP was

. designed and
1.-2. De\{elop enhancement plan based on a JICA AEP conducted in
diagnosis of GEOLab, AEP. Actual

between Aug and
Sept2024.
. L Plan m KCCP including
1-3: Provide 6-month hands-on training in GuaraniSat2 EM Test
satellite development, including testing EM of JICA AEP was designed and
Guaranisat-2 at Kyutech between October Actual conducted between
2024 and May 2025. September 2024 and
May 2025.

Plan n KCCP was designed
and conducted in
between Aug and

1-4. Provide training in satellite data and Sept 2024. Also,
: o JICA AEP ’ L
other processing and applications. Actual online trainig
programs for satellite
data analysis were
;| provided.
Plan E_] Workshop was held
1-5. Liaison between AEP and Japanese for developing space
govermental institutions, universities, and JICA AEP business network
. . Actual between Japan and
private companies. Paraguay in
September 2025.




Output2: AEP and related agencies implement pilot projects to improve capacity for analyzing disaster

risk,and preventing and responding to natural disasters.

2-1: Setup working groups consisting of AEP Plan H
: : ; P, = WG was established on
and related organizations to identify issues Actual JICA AEP April, 2024
and implement pilot projects.
Plan “ Tdentified the Tack of
e s flood hazard maps.
2-2: Identify issues where space-related Satellite-based DEMs
technologies can be effectively applied in the Actual JICA AEP and hydraulic modeling
. . . ctua
field of disaster risk reduction. were selected as the key
technologies to address
this issue.
2-3. Determine scope for applying space- Plan n dTh_e pilgttprOjectt.wan
related technologies to the issues and design JICA AEP o a0
. . Actual ood hazard map as
pilot projects. scope.
2-4. Develop plan and procure equipment Plan iRIC was selected to
(hardware and software) for satellite imagery JICA AEP creation of flood hazard
. . Actual map, and required data
and data collecting/processing. was collected.
2-5. Train personnel in the use of tools, Plan Online training was
methods, and techniques for disaster risk JICA AEP delivered, including
. q Actual agencies represented in
reduction. the WG.
2-6. Implement pilot projects with Working Plan The flood hazard map
Group and existing agreements with JICA AEP and manual were created
academia and other governmental and non- Actual and discussed within WG
governmental organizations. members for utilization.
. ) . Plan The pilot project result
2-7. Publish results of pilot projects locally was explained at
. . JICA AEP
and internationally. Actual workshop, and the

manual was published.




Output3: AEP and related agencies implement pilot projects to improve capacity for management of

agriculture and livestock information related to productivity and quality of products.
3-1: Set up working groups consisting of AEP Plan

WG was established on

and internationally. Actual

and related organizations to identify issues JICA AEP i
. . . Actual April, 2024.
and implement pilot projects.
Plan “ Identified that wide-range
3-2: [dentify issues where space-related mOT:Z;';g o 2;‘:“"
technologles can be effectively applied in the Actual JICA AEP contribute to both labor
agriculture and livestock sector. reduction and improved
risk management.
Plan n A pilot project was
. . designed with a focus on
3-3. Determine scope for applying space- developing & method for
related technologies to the issues and Actual JICA AEP wide-area monitoring of
Design pilot projects. soybean growth
combined with data
— i ol Pk
source data, the plan of
3-4. Develop plan and procure equipment procuring commercial
e satellite imagery that
(hardware and software) for satellite imagery JICA AEP )
i f Actual would contribute to long-
and data collecting/processing. term knowledge
accumulation was
n develoned
. . Plan Online training on
3-5. Train personne! in the use of tools, application of satlite
methods, and techniques to improve JICA AEP derived data was
productivity and quality in agriculture and Actual delivered, including
livestock sector. agencies represented in
the WG,
TTTE POt Project a
3.6 | | i iect ith Worki Plan 1 subsequent post-
-6. Imp emer.]t Pl ot projects wi ) orking operational activities
Group and existing agreements with were successfully
. JICA AEP ) I~
academia and other governmental and non- Actual implemented, yielding
governmental organizations. multiple outcomes
including growth
manitarina mang
Plan . The pilot project result
3-7. Publish results of pilot projects locall i
protproj y JICA AEP was explained at

workshop, and the
manual was published.




Duration / Phasing

Plan

Actual
. Year 1st Year 2nd Year 3rd Yea .
Monitoring Plan Remarks Issue Solution
OIM{IV|I|IOI DI I|0O|Il
Monitoring
. g : Plan 1 | Final JCC Meeting will be held
Joint Coordinating Committee Actual ? in September 2025.
.. e . Plan Monitoring Sheet will be
Submission of Monitoring Sheet Actual ; submitted in the late of March
e . .. Plan
Monitoring Mission from Japan Actual
. . Plan
Joint Monitoring Actual
. Plan
Post Monitoring Actual
Reports/Documents
. . Plan E Draft of PCR will be submitted
Project Completion Report Actual in June 2025.
Plan of Pilot Projects Plan :
Actual i
Development Plan of training and Infrastructure for Pilot Plan
Projects Actual
Public Relations
. . Plan
Operation of Project web page Actual
Plan

Actual




A7S 2 (Annex 2): List of Products

List of Products
# Product Submission Date Notice
1 | Inception Report (FEFSEHEIE) November 22, 2023 In Japanese
2 | Work Plan April 4, 2024 In English
Confirmation
delayed due to
fixing activities of
KCCP for
Upstream
3 | Progress Report (ver. 1) February 20, 2024 In English
4 | Progress Report (ver. 2) September 30, 2024 In English
5 | Progress Report (ver. 3) March 13, 2025 In English
6 | Project Completion Report September 26, 2025 In English
7 | MANUAL METEDOLGOGICO DE September 12, 2025 In Spanish
MANE]JO DE DESASTRES
(Methodological Manual of Disaster
Management)
8 | MANUAL METEDOLOGICO DE September 12, 2025 In Spanish
MONITOREO AGRICOLA
(Methodological Manual of
Agricultural Monitoring)
9 | Report of Baseline Survey March 29, 2024 In English
10 | EVALUATION REPORT (Report of June 30, 2025 In English

Endline Survey)




BI#E3-1 (Annex 3-1): PDM ver. 1.0

Project Title: Project for

of Space

Project Design Matrix (Draft)

rograms applied to the i ic D

Agency:

Space Agency

Target Group: Pesonnel of AEP and related institutions(AEP)
Period of Project: September 2023 - August 2025 (2 years;

Project Site: Asuncion

Ver. 1.0

Dated May 26, 2023

Narrative Summary

T Objectively Verifiable Indicators

Means of Verification

Important Assumption

Achievement

Remarks

Overall Goal (realises 3 years after project)

Contribute 1o the development of national
skills in the space sector and strengthen the
country's social, economic, scientific and
technological development

1.# of projects utilizing space related technology in
public and private sector

2. # of public data based on geospatial information
3.# of users of data provided

- Government Statistics
- Report from AEP and/or other
institutions

Mechanism of data provision for
governmental statistics or
decision-making process is well
established.

Project Purpose (realises at the end of the pi

roject)

The ability to utilize space-related

ies in Paraguay is strengthened and
informed d gis
promoted.

1.# of interagency projects in which AEP was
involved

2.# of value-added products based on satellite data
by AEP

Government Statistics, Project
Report

Outputs (Key of the project)

Output1: Human resources and infrastructure
for AEP upstream and downstream will be
strengthened.

Output2: AEP and related agencies implement|
pilot projects to improve capacity for analyzing
disaster risk,and preventing and responding

Outputd: AEP and related agencies implement|
pilot projects o improve capacity for
management of agriculture and livestock

1-1.# of trained persons considering gender
balance

1-2.# of seminars and workshops

1-3. satisfaction of seminars and workshops
Same as 1-1,1-2,1-3

# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Same as 1-1,1-2,1-3

# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Project Report

Project Report
Project Report
Project Report
Project Report

Project Report
Project Report

- Counterpart personnel is
continuously secured properly

- Other institutions, such as
govemment and universities
accept involvement of pilot
projets.

Activities

Inputs

Important Assumption

The Japanese Side

The Paraguay Side

1-1: Conductan evaluation of AEP's existing
technical methods and tools and make
recommendations for future planning

1-2: Develop enhancement plan based on a
diagnosis of the infrastructure available in the
AEP.

1-3: Provide training in satellite development
and operations.

1-4. Provide training i satellite data and other
processing and applications.

1-5. Liaison between AEP and Japanese
govermental insfitutions, universities, and
private companies.

~Short-term experts (Data utilization plannning,
Satellite development/testing, Data utilization in
disaster risk reduction/agriculture and livestock
sector)

~ Allocation of counterpart personel

- Coordination among ministries
and organizations

- Training for C in Japan

- Local cost for the activities

2-1: Set up working groups consising of AEP
and related organizations to identify issues
and implement pilot projects.

2-2: Identify issues where space-related
technologies can be effectively applied in the
field of disaster risk reduction

2-3. Determine scope for applying space-
related technologies to the issues and Design
pilot projects

2-4. Develop plan and procure equipments
(hardware and software) for satellite imagery
and data processing

2-5. Train personnel in the use of tools,
methods, and techniques for disaster risk
reduction.

2-6. Implement pilot projects with existing
agreements with academia and other
governmental and non-governmental

2-7. Publish results of pilot projects locally and
internationally.

3-1: Set up working groups consisting of AEP
and related organizations to identify issues
and implement pilot projects.

3-2: Identify issues where space-related
technologies can be effectively applied in the
agriculture and livestock sector.

3-3. Determine scope for applying space-
related technologies to the issues and Design
pilot projects

3-4. Develop plan and procure equipments
(hardware and software) for satellite imagery
and data processing

3-5. Train personnel in the use of tools,
methods, and techniques to improve
productivity and quality in agriculture and
livestock sector.

3-6. Implement pilot projects with existing
agreements with academia and other
governmental and non-governmental
organizations

3-7. Publish results of pilot projects locally and
internationally.

- between projects
with other development partners,
etc.

- Arrangements for providing
necessary data

- Office space for Japanese
professionals

- Local costs (maintenance costs
for existing equipment not covered
by JICA support, meeting
preparation costs, operating costs
required for the project, etc.)

Pre-Conditions




MiE3-2 (Annex 3-2): PDM ver. 1.5

Project Design Matrix (PDM)

Project Title: Project for
Agency:

of Space Prog
Space Agency

applied to the i ic D

Target Group: Pesonnel of AEP and related institutions(AEP)
Period of Project: October 2023 - September 2025 (2 years]

Project Site: Asuncion

Narrative Summary

Objectively Verifiable Indicators

Means of Verification

Important Assumption

Achievement

Remarks

Overall Goal (realises 3 years after project)

Contribute to the development of national
skills in the space sector and strengthen the
country's social, economic, scientific and
technological development

7_# of projects utilizing space related technology in
public and private sector

2. # of public data based on geospatial information
3.# of users of data provided

- Government Statistics
- Report from AEP and/or other
institutions

of data provision for
governmental statistics or
decision-making process is well
established.

Project Purpose (realises at the end of the project)

The ability to utilize space-related
technologies in Paraguay is strengthened and
jally informed deci King is

promoted.

1 H#of
involved
2. # of value-added satellite data products in and
beside pilot projects by GEOLab, AEP

3. # of Paraguayan staff have training programs in
Japan and Paraguay

projects in which AEP was

Government Statistics, Project
Report

Outputs (Key of the project)

Outputi: Human resources and infrastructure
for AEP upstream and downstream will be
strengthened

Output2: AEP and related agencies implement
pilot projects to improve capacity for analyzing
disaster risk,and preventing and responding
Output3: AEP and related agencies implement
pilot projects to improve capacity for
management of agriculture and livestock

1-1.# of trained persons considering gender
balance

1-2.# of seminars and workshops

1-3. satisfaction of seminars and workshops
Same as 1-1,1-2,1-3

# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Same as 1-1,1-2,1-3

# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Project Report

Project Report
Project Report
Project Report
Project Report

Project Report
Project Report

- Counterpart personnel is
continuously secured properly

- Other institutions, such as
govemment and universities
acceptinvolvement of pilot
projets.

Activities

Inputs

Important

The Japanese Side

The Paraguay Side

7-1: Conduct an evaluation of AEP'S existing
technical methods and tools and make
recommendations for future planning.

1-2: Develop enhancement plan based on a
diagnosis of GEOLab, AEP.

1-3: Provide hands-on training in satellite
development, especially testing EM of
Guaranisat-2 (Plan A: enhancing facility and
having tests at SPACELab, or Plan B: sending
2-staff and having tests at Kyutech).

1-4. Provide training in satellite data and other
processing and applications

1-5. Liaison between AEP and Japanese
govermental institutions, universities, and
private companies.

2-1: Set up working groups consisting of AEP
and related organizations to identify issues
and implement pilot projects.

2.

: Identify issues where space-related
jes can be effectively applied in the
field of disaster risk reduction.

2-3. Determine scope for applying space-
related technologies to the issues and design
pilot projects.

2-4. Develop plan and procure equipment
(hardware and software) for satellite imagery
and data collecting/processing.

2-5. Train personnel in the use of tools,
methods, and techniques for disaster risk
reduction.
2-6. Implement pilot projects with Working
Group and existing agreements with

and other and non-
governmental organizations.

2-7. Publish results of pilot projects locally and
internationally.

3-1: Set up working groups consisting of AEP
and related organizations to identify issues
and implement pilot projects.

3-2:dentify issues where space-related
technologies can be effectively applied in the
agriculture and livestock sector.

3-3. Determine scope for applying space-
related technologies to the issues and Design
pilot projects.

3-4. Develop plan and procure equipment
(hardware and software) for satellite imagery
and data collecting/processing.

3-5. Train personnel in the use oftools,
methods, and techniques to improve
productivity and quality in agriculture and
livestock sector.

3-6. Implement pilot projects with Working
Group and existing agreements with
academia and other governmental and non-
governmental organizations.

3-7. Publish results of pilot projects locally and
internationally.

—Short-term experts (Data utilization plannning,
Satellite developmentiesting, Data utilization in
disaster risk reduction/agriculture and livestock
sector)

- Training for Counterpart Personnel in Japan

- Local cost for the activities

~Allocation of counterpart personel

- Coordination among ministries
and organizations

- Arrangements between projects
with other development partners,
etc.

- Arrangements for providing
necessary data

- Office space for Japanese
professionals

- Local costs (maintenance costs
for existing equipment not covered
by JICA support, meeting
preparation costs, operating costs
required for the project, etc.)

Pre-Conditions
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Project Design Matrix (PDM)

Project Title: Project for
Agency:

of Space Prog
Space Agency

applied to the i ic D

Target Group: Pesonnel of AEP and related institutions(AEP)
Period of Project: October 2023 - September 2025 (2 years]

Project Site: Asuncion

Narrative Summary

Objectively Verifiable Indicators

Means of Verification

Important Assumption

Achievement

Remarks

Overall Goal (realises 3 years after project)

Contribute to the development of national
skills in the space sector and strengthen the
country's social, economic, scientific and
technological development

7_# of projects utilizing space related technology in
public and private sector

2. # of public data based on geospatial information
3.# of users of data provided

- Government Statistics
- Report from AEP and/or other
institutions

of data provision for
governmental statistics or
decision-making process is well
established.

Project Purpose (realises at the end of the project)

The ability to utilize space-related
technologies in Paraguay is strengthened and
jally informed deci King is

promoted.

1 H#of
involved
2. # of value-added satellite data products in and
beside pilot projects by GEOLab, AEP

3. # of Paraguayan staff have training programs in
Japan and Paraguay

projects in which AEP was

Government Statistics, Project
Report

Outputs (Key of the project)

Outputi: Human resources and infrastructure
for AEP upstream and downstream will be
strengthened

Output2: AEP and related agencies implement
pilot projects to improve capacity for analyzing
disaster risk,and preventing and responding
Output3: AEP and related agencies implement
pilot projects to improve capacity for
management of agriculture and livestock

1-1.# of trained persons considering gender
balance

1-2.# of seminars and workshops

1-3. satisfaction of seminars and workshops
Same as 1-1,1-2,1-3

# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Same as 1-1,1-2,1-3

# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Project Report

Project Report
Project Report
Project Report
Project Report

Project Report
Project Report

- Counterpart personnel is
continuously secured properly

- Other institutions, such as
govemment and universities
acceptinvolvement of pilot
projets.

Activities

Inputs

Important

The Japanese Side

The Paraguay Side

7-1: Conduct an evaluation of AEP'S existing
technical methods and tools and make
recommendations for future planning.

1-2: Develop enhancement plan based on a
diagnosis of GEOLab, AEP.

1-3: Provide 6-month hands-on training in
satellite development, including testing EM of
Guaranisat-2 at Kyutech between October
2024 and March 2025.

1-4. Provide training in satellite data and other
processing and applications.

1-5. Liaison between AEP and Japanese
govermental institutions, universities, and
private companies.

2-1: Set up working groups consisting of AEP.
and related organizations to identify issues
and implement pilot projects.

2-2: Identify issues where space-related
technologies can be effectively applied in the
field of disaster risk reduction

2-3. Determine scope for applying space-
related technologies to the issues and design
pilot projects.

2-4. Develop plan and procure equipment
(hardware and software) for satellite imagery
and data collecting/processing.

2-5. Train personnel in the use of tools,
methods, and techniques for disaster risk
reduction.

2-6. Implement pilot projects with Working
Group and existing agreements with
academia and other governmental and non-

2-7. Publish results of pilot projects locally and
internationally.

3-1: Setup working groups consisting of AEP
and related organizations to identify issues
and implement pilot projects.

3-2: Identify issues where space-related
technologies can be effectively applied in the
agriculture and livestock sector.

3-3. Determine scope for applying space-
related technologies to the issues and Design
pilot projects.

3-4. Develop plan and procure equipment
(hardware and software) for satellite imagery
and data collecting/processing.

3-5. Train personnel in the use of tools,
methods, and techniques to improve
productivity and quality in agriculture and
livestock sector.

3-6. Implement pilot projects with Working
Group and existing agreements with
academia and other governmental and non-
governmental organizations.

3-7. Publish results of pilot projects locally and

—Short-term experts (Data utilization plannning,
Satellite developmentiesting, Data utilization in
disaster risk reduction/agriculture and livestock
sector)

- Training for Counterpart Personnel in Japan

- Local cost for the activities

~Allocation of counterpart personel

- Coordination among ministries
and organizations

- Arrangements between projects
with other development partners,
etc.

- Arrangements for providing
necessary data

- Office space for Japanese
professionals

- Local costs (maintenance costs
for existing equipment not covered
by JICA support, meeting
preparation costs, operating costs
required for the project, etc.)

Pre-Conditions
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Project Ti

Project Design Matrix (PDM)

Project for of Space Programs applied to the

Agency: Space Agency

Target Group: Pesonnel of AEP and related institutions(AEP)
Period of Project: October 2023 - September 2025 (2 years)

Project Site: Asuncion

21

Dated: September 12, 2025

Narrative Summary Objectively Verifiable Indicators Means of Important Achievement Remarks
Overall Goal (realises 3 years after project) (Action Plan was Action Plan
Contribute to the development of national | 1.# of projects utilizing space related technology in |- Government Statistics of data provision for basedon |was
skills in the space sector and strengthen the  |public and private sector - Report from AEP and/or other  |governmental statistics or the results of the established
country's social, economic, scientific and 2.# of public data based on geospatial information  |institutions decision-making process is well [Project. atthe Final
technological development 3. # of users of data provided established. Jcc
Meeting.

Project Purpose (realises at the end of the pi

The abilty to utilize sp

technologies in Paraguay is strengthened and
informed decisi king

oject)

1. #of projects in which AEP was
involved

2.# of value-added satellite data products in and

Government Statistics, Project
Report

AEP Colleaguesand |None
JICA Consultant

achieved the Project
Purpose through all

promoted. beside pilot projects by GEOLab, AEP Outputs and Activities.
3.4 of Paraguayan staff have training programs in
Japan and Paraguay
Outputs (Key of the project) Output 1 None

Output1: Human resources and infrastructure
for AEP upstream and downstream will be
strengthened

Output2: AEP and related agencies implement|
pilot projects to improve capacity for analyzing
disaster risk.and preventing and responding
to natural disasters.

Output3: AEP and related agencies implement|
pilot projects to improve capacity for
management of agriculture and livestock

1-1.# of trained persons considering gender
balance

1-2.# of seminars and workshops

1-3. satisfaction of seminars and workshops

Same as 1-1,1-2,1-3

# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Same as 1-1,1-2,1-3
# of PoC, # of practical plans from activity, # of
papers and reports related to activity

Project Report

Project Report

Project Report

Project Report

Project Report

Project Report
Project Report

- Counterpart personnel is
continuously secured properly

- Other institutions, such as
governmentand universities
accept involvement of pilot
projets.

All KCCPs were
conducted, and Space
Strategic Plan was
designed

Output 2:

Created Flood Hazard
Map and released
Manual

Output 3:
Soybean growth
monitoring were
conducted with creation
of maps, and released
Manual

and implement pilot projects.

2-2: Identify issues where space-related
technologies can be effectively applied in the
field of disaster risk reduction.

2-3. Determine scope for applying space-
related technologies to the issues and design
pilot projects

2-4. Develop plan and procure equipment
(hardware and software) for satellite imagery
and data collecting/processing

2-5. Train personnel in the use of tools,
methods, and techniques for disaster risk
reduction.

2-6. Implement pilot projects with Working
Group and existing agreements with
academia and other governmental and non-
governmental organizations,

2-7. Publish results of pilot projects locally and!
internationally.

*Setup working groups consisting of AEP
and related organizations to identify issues
and implement pilot projects.

3-2: Identify issues where space-related
technologies can be effectively applied in the
agriculture and livestock sector.

3-3. Determine scope for applying space-
related technologies to the issues and Design
pilot projects

3-4. Develop plan and procure equipment
(hardware and software) for satellite imagery
and data collecting/processing

3-5. Train personnel in the use of tools,
methods, and techniques to improve
productivity and quality in agriculture and
livestock sector.

3-6. Implement pilot projects with Working
Group and existing agreements with
academia and other governmental and non-
governmental organizations.

3-7. Publish results of pilot projects locally and
internationally.

related to and quality
of products.
Act Tnputs Important
The Japanese Side The Paraguay Side
7-1: Conduct an evaluation of AEP's existing |- Short-term experts (Data utilization plannning, ~Allocation of counterpart personel
technical methods and tools and make Satellite development/testing, Data utilization in
recommendations for future planning disaster risk reduction/agriculture and livestock |- Coordination among ministries
1-2: Develop enhancement plan based ona  |*°°°" and Pre-Conditions
diagnosis of GEOLab, AEP. _ Training for Counterpart Personnel in Japan - Arrangements between projects
1-3: Provide 6-month hands-on training in with other development partners,
satellite development, including testing EM of |- Local cost for the activities etc.
Guaranisat-2 at Kyutech between October
2024 and May 2025. - Arangements for providing
necessary data
1-4. Provide training in satellite data and other
¥ ! - Office space for Japanese
processing and applications. rofessianale
1-5. Liaison between AEP and Japanese
govermental insfitutions, universities, and - Local costs (maintenance costs
private companies. for existing equipment not covered
2-1: Set up working groups consisting of AEP by JICA support, meeting
and related organizations to identify issues. preparation costs, operating costs -
required for the project, etc.)

Annex 3-4 (ver

2.1)
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1. INTRODUCCION

El “Proyecto de Gestion del Programa Espacial
Aplicado al Desarrollo Socioecondmico” fue una
iniciativa conjunta entre la Agencia Espacial del
Paraguay (AEP) y la Agencia de Cooperaciéon
Internacional de Japon (JICA). Su proposito
consistio en potenciar el uso de tecnologias
espaciales para fortalecer un desarrollo
socioeconémico sostenible en Paraguay. El
proyecto se orienté a la aplicacion de estas
capacidades en sectores estratégicos como la
agricultura y la gestion de desastres, con la
intencién de generar aportes técnicos vy

metodologicos de valor para el pais.

En este marco se ejecutd el “Proyecto Piloto de
Manejo de Desastres para el Bafado Norte vy
Banado Sur” en Asuncion, concebido como una
experiencia practica gque permitid demostrar la
utilidad de la informacion espacial y del modelado
hidraulico en la gestion del riesgo. Este piloto
buscd generar insumos técnicos que sirvieran de
apoyo a la planificacion territorial y a la toma de

decisiones frente a escenarios de inundacion.

La implementacién estuvo a cargo del Laboratorio
de Observacion de la Tierra y SIG - GEOlab de la
Agencia Espacial del Paraguay, que liderd un
proceso de cooperacidon interinstitucional con
organismos publicos, técnicos y académicos. Este
esquema de trabajo facilitd la articulacion de
capacidades y el desarrollo de metodologias
aplicadas al analisis del riesgo, integrando
informacion topografica, hidrolégica y registros

histéricos de caudales y precipitaciones.




Uno de los ejes centrales fue la capacitacion de
profesionales paraguayos, impartida por expertos
japoneses con amplia experiencia en modelado
hidraulico y gestion de datos espaciales. Estas
instancias de  formacién  fortalecieron las
competencias técnicas locales y favorecieron la
transferencia de conocimiento, asegurando que las
metodologias y procedimientos aplicados quedaran

instalados en el pais.

Entre los principales resultados se destacan la
conformacidn de una mesa de trabajo
interinstitucional como espacio de coordinacién, la
elaboracién de mapas de peligro para las zonas
estudiadas y la preparacion de un manual
metodoldégico que documenta de manera
sistematica los procedimientos utilizados. Este
ultimo constituye un instrumento clave, concebido
para preservar y difundir el conocimiento generado,
de modo que pueda ser replicado en otros
territorios y aprovechado por diferentes actores

nacionales.

El proyecto piloto dejé instalado un conjunto de
herramientas técnicas, capacidades profesionales y
documentacién metodoldgica que hoy conforman
un recurso estratégico para la gestion del riesgo en
Paraguay. Si bien no representa una solucién
inmediata a los problemas de inundacién, si
establece una base soélida sobre la cual se pueden
desarrollar nuevos analisis y acciones, asegurando
que la experiencia y el conocimiento adquiridos

permanezcan disponibles para su uso futuro.



2. ANTECEDENTES

El presente proyecto se desarrolla en el marco del Programa de Gestion Espacial Aplicado al
Desarrollo Socioecondmico (JICA-AEP), una iniciativa conjunta entre la Agencia Espacial del
Paraguay (AEP) y la Agencia de Cooperacion Internacional del Japon (JICA). Este programa
tiene como propdsito aplicar tecnologias espaciales y geoespaciales en beneficio del desarrollo
sostenible del pais, promoviendo la innovacién tecnoldgica y la creacion de capacidades
locales.

La alianza entre la AEP y JICA constituye un hito histérico, pues dio origen al primer programa
de cooperacion internacional en el sector espacial de América Latina, v al segundo a nivel
mundial liderado por JICA. Este hecho refleja la confianza depositada en Paraguay para

posicionarse como referente en la region, impulsando proyectos que integran el uso de datos

satelitales con la gestion territorial y el desarrollo socioeconéomico.
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La cooperacion se basa en tres ejes estrategicos:
« Convertir a Paraguay en un HUB regional en el desarrollo de nanosatélites y pruebas
ambientales.
» Ampliar el uso de datos satelitales en sectores como la agricultura y la gestion de desastres.
 Fortalecer capacidades nacionales, garantizando la transferencia de conocimientos técnicos

hacia instituciones locales.

Para llevar adelante estos ejes estratégicos, la AEP cred dos laboratorios gue constituyen las

lineas de desarrollo institucional:

©
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Paraguay al espacio

Enfocado en la ingenieria de sistemas
espaciales, con actividades orientadas al
disefio, desarrollo y pruebas de
nanosatélites. Su objetivo es posicionar a
Paraguay en el mapa regional de la

tecnologia satelital.

GEO*

Paraguay desde el espacio

Orientado a la observaciéon de la Tierra
y a la aplicacion de datos satelitales
para el monitoreo territorial. Constituye
la base técnica para proyectos de

aplicacion de tecnologia espacial.




Dentro del Programa de Gestion Espacial Aplicado al Desarrollo Socioeconémico JICA-AEP se
definieron dos proyectos pilotos:
1.Proyecto piloto para la Agricultura: Aplicacion de tecnologias satelitales para el monitoreo
del desarrollo fenoldgico de cultivos estratégicos, como la soja en Caaguazu, mediante el
analisis de indices NDVI historicos y actuales.
2.Proyecto piloto para el Manejo de Desastres: Implementacién de simulaciones hidraulicas y
generacion de mapas de peligro de inundacién en los Bafados Norte y Sur de Asuncion,
integrando metodologias de modelado fluvial y pluvial, asi como procesos de capacitacion
interinstitucional.
Ambos proyectos no solo produjeron resultados aplicables en sus areas especificas, sino que
también dejaron como legado manuales metodoldgicos replicables, consolidando asi la
capacidad nacional para dar continuidad a estas iniciativas.
Como parte del proyecto piloto para el manejo de desastres se elabord el presente manual,
concebido como un documento metodolégico de referencia. Asimismo, en este mismo marco
se conformd la mesa de trabajo interinstitucional, espacio para la coordinacion de datos, la
capacitacion técnica y la articulacion entre instituciones nacionales.
La mesa de trabajo interinstitucional se conformoé con la participacion de entidades publicas,
académicas y técnicas como se observa en la Figura 1, que aportaron informacion para la
construccion de los modelos y el disefio de estrategias de gestion del riesgo. Este espacio
permitio coordinar esfuerzos, compartir conocimientos y establecer una red de colaboracion

que trasciende el marco de este proyecto.

Figura 1. Conformacion de la mesa de trabajo interinstitucional.
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3. OBJETIVOS

GENERAL

Contribuir al desarrollo de habilidades
nacionales en el sector espacial y fortalecer el
desarrollo social, econdmico, cientifico vy

tecnoldgico del pais.

ESPECIFICOS

Establecer un Grupo de Trabajo
compuesto por la Agencia Espacial del
Paraguay e instituciones y
organizaciones relacionadas para
identificar problemas e implementar el
proyecto piloto de manejo de desastres
para las zonas de Bafado Norte vy

Bariado Sur en Asuncion.

Capacitar a los colaboradores de la
Agencia Espacial del Paraguay e
instituciones y organizaciones
relacionadas en el uso de datos
interinstitucionales, herramientas,
metodologias vy técnicas para la

reduccién del riesgo de desastres.

Simular  escenarios de inundacion
utilizando el software iRIC Nays2dFlood
para las zonas de Bafiado Norte vy

Banado Sur en Asuncion

Publicar los resultados de los proyectos

piloto a nivel local e internacional..
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4. CONCEPTOS

Riesgo: |la combinacion de la probabilidad de

gque se produzca un evento y sus
consecuencias sean negativas (United Nations
International Strategy for Disaster Reduction,

2009) .

Amenaza: se define como la probabilidad de
ocurrencia de un evento detonador o
desencadenante. Estos eventos detonadores
son tanto de origen natural, por ejemplo,
lluvias, tormentas, erupciones volcanicas o
sismos, como de origen antropico (Herzer et

al., 2002)

Peligro: Factor inherente al proceso que
puede generar interrupciones o provocar

dafos a personas o bienes (Raffino, 2021).

Vulnerabilidad: Es el factor interno de una

comunidad o sistema. Comprende las
caracteristicas de la sociedad de sufrir un
dafo o pérdida grave en caso que se concrete

una amenaza (Renda et al., 2017).

Desastres: entendidos en un sentido amplio
como procesos o eventos con resultados o
efectos de connotaciéon negativa que, sobre
cierto umbral econdémico-social y/o de
percepcion, afectan parte o la totalidad del
medio ambiente natural o del construido y su

funcionalidad (Ferrando, 2003).

Gestién de riesgo: es el enfoque y la practica
sistematica de gestionar la incertidumbre para
minimizar los dafos vy las pérdidas
potenciales. Abarca la evaluacion y el analisis
del riesgo, al igual qgue la ejecucién de
estrategias y de acciones especificas para
controlar, reducir y transferir el riesgo (United
Nations International Strategy for Disaster

Reduction, 2009).

Reduccién de Riesgos de Desastres: es la
practica de reducir el riesgo de desastres
mediante esfuerzos sistematicos dirigidos al
analisis y a la gestion de los factores causales
de los desastres, lo que incluye la reduccion
del grado de exposicion a las amenazas,la
disminucion de la vulnerabilidad de Ia
poblacién y la propiedad, una gestion sensata
de los suelos y del medio ambiente, y el
mejoramiento de l|la preparacion ante los
eventos adversos (United Nations
International Strategy for Disaster Reduction,

2009).

Zonificacion de Riesgo: es el un conjunto de

herramientas que permiten identificar vy
categorizar el riesgo latente de una unidad de
andlisis, en base a criterios que permitan
determinar y priorizar acciones para la

reduccidén del riesgo (Arana, 2014).
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Hietograma: es una representacion grafica, en
la cual se plasma la variacion o intensidad de
la precipitacion con respecto al tiempo y se
representa por medio de diagramas de barras

(Avila, 2022).

Hidrograma: un grafico de la descarga de
precipitacién en un cuerpo de agua trazado
cronoloégicamente contra el tiempo. Consiste
en el flujo de las tres fases del escurrimiento:
escurrimiento superficial, flujo intermedio vy

flujo base (Subramanya, 2013).

Inundaciones Fluviales: inundacion fluvial es

un fendmeno causado cuando el nivel del

agua de un rio aumenta, superando la cota de

coronacion de las bandas fluviales vy

desbordandose en las tierras circundantes,

conocidas como llanuras aluviales,

normalmente a causa de un exceso de lluvia o
de deshielo (Leandro et al. 2010 citado por
United Nations, s.f.).

Inundaciones Pluviales: es un fendmeno

causado por precipitaciones intensas que

supera la capacidad de drenaje y puede

ocasionar potenciales impactos sobre las
viviendas e infraestructuras urbanas, asi como
retenciones

de

dafos indirectos, como en

carreteras, interrupcion los servicios

basicos (agua, luz y gas) o pérdidas

econdmicas debido a alteraciones en el
comercio e industria (lhobe, 2022).

Teledeteccién: Chuvieco (2008), define la
teledeteccion como aquella técnica que
permite adquirir imagenes de la superficie

terrestre desde sensores aéreos o espaciales.

El término teledeteccién es una traduccién del
inglés “remote sensing”, y se refiere no solo a
la captacion de datos desde el aire o desde el
sino también a

espacio posterior

tratamiento (Ormeno, 2006; Chuvieco, 1995).

su

Sistema de Informacién Geografica (SIG): un
conjunto de meétodos, herramientas y datos
gue estan diseflados para actuar coordinada y

logicamente para capturar, almacenar,

analizar, transformar y presentar toda Ila

informacion geografica y de sus atributos con
el fin de satisfacer multiples propdsitos (Van

Humboldt, 2006).

Imagenes satelitales: son datos recogidos por

sensores en plataformas de satélites,

normalmente de la Tierra. Las imagenes de
satelite suelen constar de varias longitudes

ondas representadas de bandas.

(Environmental Systems Research Institute,

2025).

Mapa de Peligros: representan los peligros de

los fendmenos de especifico.

de

un lugar

Incorporan informacion tanto la
distribucion espacial del riesgo como de la
probabilidad de que ocurra ese riesgo en un

periodo de tiempo (Aliaga, 2016).

ArcGIS PRO: ArcGIS Pro es una aplicacion de

escritorio basada en ‘cintas’ que permite
almacenar multiples elementos, como mapas,
layouts, tablas, graficos y escenas, en un solo
proyecto y trabajar con ellos segun sea
necesario (Environmental Systems Research

Institute, 2022).
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Analisis Geoespacial: se refiere a aquellas
ramas de analisis de datos en los qgue la
referencia geografica de los objetos contiene
informacion importante. Requiere establecer
supuestos o sacar conclusiones sobre los
datos que describen las relaciones espaciales
o las interacciones espaciales entre casos

(Goodchild y Haining, 2005).

iRIC: el software de International River
Interface Cooperative es una plataforma
gratuita de simulacion numeérica que soporta
una amplia variedad de solucionadores
computacionales para problemas en ciencias

e ingenieria del agua (iRIC, s.f.).

Nays2DFlood: es un solucionador de flujos de
inundacion gque permite al usuario establecer
facilmente las condiciones de entrada de un
numero arbitrario de rios de entrada que
ingresan desde el extremo superior o los lados
de un complejo rio/llanura de inundacidon

(iRIC, s.f).
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5. MATERIALES Y METODOS

5.1. Diagnostico Inicial

El diagnodstico inicial constituyd el punto de partida del proyecto, orientado a evaluar las
condiciones institucionales, técnicas y sociales vinculadas a la gestion del riesgo de
inundaciones en Asuncion. Esta etapa permitioé identificar brechas de informacién, capacidades
técnicas disponibles y prioridades estratégicas, garantizando que las siguientes fases del

proyecto se basaran en un entendimiento compartido de la problematica.
5.1.1. Identificacion de necesidades institucionales

Se efectud un relevamiento institucional con el objetivo de conocer el grado de preparacion de
las entidades responsables de la gestion de riesgos y desastres. Entre los principales hallazgos

se destacan:

a) Disponibilidad de recursos tecnicos y humanos
« La Agencia Espacial del Paraguay (AEP), la Secretaria de Emergencia Nacional (SEN) vy
otras instituciones de la mesa de trabajo cuentan con equipos técnicos, aungue en numero
limitado.
« Se evidencio la necesidad de ampliar los recursos humanos disponibles para monitoreo y
modelacion de inundaciones, asi como de mejorar la dotacién de equipamiento informatico

para ejecutar simulaciones complejas.

b) Requerimiento de herramientas de analisis
« Las instituciones manifestaron limitaciones en el acceso y uso de modelos hidraulicos y de
sistemas de informacion geografica (SI1G).
» Se sefald la importancia de disponer de plataformas que integren datos hidroldgicos,
topograficos y de infraestructura, de modo a apoyar tanto la simulacién de escenarios

como la toma de decisiones en tiempo real durante emergencias.

c) Capacitacion y fortalecimiento institucional:
*» Los actores coincidieron en la necesidad de formacidn continua en el uso de software de
modelacién (como iRIC/Nays2DFlood) vy de andlisis espacial.
* Se resaltdo la importancia de desarrollar competencias en la interpretacion de resultados,
con el fin de gque la informacién técnica pueda transformarse en insumos practicos para

planes de gestion, politicas publicas y estrategias comunitarias de respuesta.
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d) Ausencia de una institucion lider en cartografia de peligros de inundacion:

« Uno de los hallazgos mas relevantes del diagndstico fue constatar que actualmente ninguna
institucion publica en Paraguay se encuentra especificamente encargada de producir mapas
oficiales de peligro de inundacion.

« Esta carencia representa una limitacion significativa para la gestion integral del riesgo, ya
qgue dificulta la disponibilidad de informacion homogénea, validada y accesible para la
planificacion urbana, la mitigacion de desastres y la proteccion de comunidades
vulnerables.

« Ante esta situacion, el proyecto cobra adun mayor relevancia al aportar metodologias

estandarizadas y resultados que pueden servir de referencia institucional.

5.1.2. Seleccién del area de estudio

La seleccion del area de estudio se realizd de manera participativa, en coordinacion con las
instituciones integrantes de la mesa de trabajo. A través de encuestas, reuniones y consultas

técnicas se definieron las zonas prioritarias donde implementar el proyecto piloto.

a) Criterios de seleccion:
o Alta exposicion a inundaciones recurrentes, tanto fluviales (por crecidas del rio
Paraguay) como pluviales (por lluvias intensas).
o Presencia de poblacion vulnerable asentada en zonas de riesgo, muchas veces en
condiciones de precariedad habitacional.
o Existencia de infraestructura critica (caminos, servicios publicos, centros de salud y

educativos) que puede verse seriamente afectada durante un evento de inundacion.

b) Areas seleccionadas:
o Se definieron como areas de intervencidn los sectores de Bafado Norte y Bafado Sur de
Asunciodn, gue cumplen con todos los criterios mencionados.
o Estas zonas fueron identificadas como altamente prioritarias, debido a la magnitud de
los impactos sociales y economicos que generan las inundaciones recurrentes y a la
necesidad de contar con informacion actualizada para apoyar procesos de reubicacion,

mitigacién y planificacion urbana.
De esta forma, la seleccion del area de estudio respondid no solo a criterios técnicos, sino

también a demandas expresas de las instituciones locales y de las comunidades directamente

afectadas.
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5.1.3. Ubicacién del area de estudio

Los sectores de Bafado Norte y Bafado Sur se encuentran en la margen izquierda del rio
Paraguay, en el distrito capital de Asuncion. Estas areas forman parte de una extensa planicie
aluvial caracterizada por baja altitud y elevada susceptibilidad a inundaciones. Historicamente,
han funcionado como zonas naturales de expansion del rio durante crecidas, acumulando agua
en eépocas de lluvias intensas.

La localizacion de los Bafiados dentro de la trama urbana les otorga una particular relevancia:
mientras que son areas de alto valor ecologico y regulador en el sistema hidrico de Asuncion,
también concentran una elevada densidad poblacional asentada en condiciones de
precariedad. Su posicion geografica, junto con la interaccion de cursos de agua menores como
arroyos urbanos, agrava la exposicion tanto a inundaciones fluviales como pluviales. La Figura

2 ilustra la ubicacion de los Banados Norte y Sur, delimitando el area de estudio dentro del

municipio de Asuncion.

Figura 2. Mapa de Ubicacion de los Banados Norte y Sur.

Mapa de Ubicacion de los Bafiados Norte y Sur

17100000

wn

Fuente: elaboracion propia (2024).
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5.1.4. Condiciones sociales y vulnerabilidad

Los Bafiados constituyen uno de los espacios urbanos con mayores niveles de vulnerabilidad
social del pais. Gran parte de la poblacion reside en viviendas de materiales precarios, muchas
veces en asentamientos informales, con limitado acceso a servicios basicos como agua potable,
alcantarillado sanitario, energia eléctrica y gestion adecuada de residuos.

Las inundaciones recurrentes afectan de manera sistematica a las familias, ocasionando la
pérdida de enseres, dafos en las viviendas y la necesidad de evacuaciones perioddicas. A nivel
econdmico, interrumpen medios de vida vinculados a la venta ambulante, la pesca artesanal y
otras actividades informales. En términos sociales, generan procesos de desplazamiento
temporario, fragmentacion comunitaria y presion adicional sobre albergues y servicios
publicos.

Otro factor clave es la presencia de infraestructura critica, entre ellas: caminos de acceso,
instituciones educativas, centros de salud y redes de servicios publicos. Estos elementos, al
guedar anegados durante cada evento de crecida, aumentan la magnitud de los impactos y

limitan las capacidades de respuesta.

5.1.5. Relevancia para el proyecto piloto

La eleccion de los Bafiados Norte y Sur como area de estudio no solo responde a criterios
técnicos de exposicion al riesgo, sino también a su alto valor simbdlico y representativo en la
problematica de inundaciones en Paraguay. Son sectores donde convergen factores fisicos,
sociales y econdmicos que reflejan de manera clara los desafios de la gestion del riesgo en
entornos urbanos riberefos.
En este contexto, la implementacion del proyecto piloto permitio:
* Aplicar modelos hidraulicos utilizando datos locales para simular escenarios de inundacién
fluvial y pluvial.
e Elaboracion de mapas de peligro de inundacion, con distintos niveles de profundidad y
categorias de peligro.
* Produccion de insumos cartograficos y metodoldgicos que puedan ser replicados en otras
areas del pais.
Cabe sefialar que el alcance del piloto no incluy¢ la validacion en campo de los resultados
obtenidos, debido a limitaciones de tiempo y recursos. Sin embargo, la metodologia aplicada
constituye un punto de partida solido para futuros estudios mas detallados y para la

construccion de capacidades institucionales en Paraguay.
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5.1.3. Recopilacién de datos iniciales

Para caracterizar las condiciones fisicas, hidrologicas y sociales del area de estudio, se
desarrollé un proceso de recopilacion y sistematizacién de informacion proveniente de diversas
fuentes. Este trabajo fue esencial para garantizar la calidad de los insumos utilizados en la
modelacién hidraulica y en el analisis geoespacial posterior.

La recopilacion incluyd datos topograficos, hidrologicos, de infraestructura y percepcion

comunitaria. Dichos insumos, presentados en la Tabla 1, constituyen la base técnica sobre la

cual se configuraron los escenarios de inundacion fluvial y pluvial.

Tabla 1. Fuentes de datos iniciales utilizados en el diagnéstico.

Fuente de
informacién

Modelo Digital
de Elevacion
(DEM)

Registros
hidrologicos

Infraestructura y
servicios basicos

Percepcion
comunitaria

Descripcion

Imagenes satelitales ALOS
PALSAR con resolucion
espacial de 12,5 m,
procesadas por el GEOLab.

Series historicas de nivel del
rio, caudal y precipitacion
diaria de la estacion Asuncion
ANNP.

Cartografia digital de
caminos, viviendas, servicios
publicos e infraestructura
critica en zonas de riesgo.

Talleres participativos y
entrevistas con lideres locales
para identificar experiencias y
necesidades frente a
inundaciones.

Fuente: elaboracion propia (2024).

Periodo / Afio

20M

1960 - 2024

2022

2024

Institucion que
facilité los datos

GEOlab

Direccion de
Meteorologia e
Hidrologia
(DMH)

Instituto
Nacional de
Estadistica (INE)
/ Humanitarian
OSM

Secretaria de
Emergencia
Nacional (SEN)

La informacion presentada en la Tabla 1 se constituye en la base técnica para el desarrollo de
las simulaciones y el analisis geoespacial. Cada conjunto de datos cumplié un rol especifico en

la construccion del modelo hidraulico que se detalla a continuacion:
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a) Modelo Digital de Elevacion (DEM):

o

El insumo fue generado a partir de imagenes ALOS PALSAR (sensor SAR de
JAXA/METD, distribuidas por ASF DAAC (Alaska Satellite Facility) y procesadas por el
GEOLab. Como resultado, se obtuvo un mosaico nacional con resolucion espacial de 12,5
metros, que cubre todo el territorio paraguayo como se observa en la Figura 3.

Este mosaico permite contar con una base homogénea y de alta resolucién, gque puede
ser utilizada en futuros estudios de riesgo y facilita la replicacion de la metodologia en
otras areas del pais.

Para el caso particular del proyecto piloto, se utilizé unicamente una porcion del
mosaico correspondiente al area de estudio, con el fin de reducir el tiempo de coémputo
del modelo y concentrar los analisis en la zona prioritaria. Esto garantizd que las
simulaciones de inundacion fluvial y pluvial reflejaran de manera adecuada las
condiciones topograficas locales.

El DEM permitio representar la morfologia del terreno, identificar depresiones, planicies
de inundacidon y pendientes, asi como definir patrones de flujo y zonas de acumulacion
potencial de agua. Estos resultados constituyeron la base para la modelacion hidraulica

y el analisis geoespacial posterior.

Figura 3. Mosaico del Modelo Digital de Elevacion (DEM) de Paraguay, generado por el GEOLab
a partir de ALOS PALSAR (resolucion espacial: 12,5 m).

Fuente: elaboracion propia (2024).
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b) Registros hidrologicos:

o Se utilizaron series historicas de nivel del rio, caudal y precipitacion diaria
correspondientes a la estacion meteorolégica Asuncion ANNP, abarcando el periodo
1960-2024.

o Esta base de datos permitio analizar el comportamiento historico de las inundaciones,
incluyendo la identificacion de maximos histéricos (ejemplo: creciente de 1983).

o Los valores fueron empleados como condiciones de entrada en las simulaciones,
posibilitando la construccion de escenarios fluviales y pluviales representativos de

situaciones criticas.

c) Infraestructura y servicios basicos:

o A partir de cartografia digital del Instituto Nacional de Estadistica (INE) y de la
plataforma Humanitarian OSM (2022), se incorpord informaciéon sobre caminos,
viviendas, centros de salud, escuelas y otras infraestructuras criticas.

o Estos datos permitieron identificar qué elementos de la infraestructura urbana y social
se encuentran mas expuestos a los diferentes niveles de inundacion.

o La superposicion de las capas de peligro con estas infraestructuras facilité la generacién

de mapas de impacto directo sobre la poblacion y los servicios basicos.

d) Percepcion comunitaria:
o Se realizaron talleres y entrevistas con lideres locales en el afio 2024, con el
acompafamiento de la Secretaria de Emergencia Nacional (SEN).
o Esta informacidén aporté una perspectiva cualitativa, permitiendo validar la experiencia
de las comunidades frente a eventos pasados de inundacion.
o La inclusion de este componente garantizé que el modelo no solo refleje datos fisicos e
hidrologicos, sino también las necesidades, prioridades y vulnerabilidades expresadas

por la poblacion afectada.
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5.2. Creacion de capacidades

Con el proposito de fortalecer las capacidades nacionales en la gestion del riesgo de
inundaciones, se desarrolld una capacitacion técnica dirigida al equipo del GEOlab y a
representantes de diversas instituciones que integran la mesa de trabajo interinstitucional.

La actividad fue coordinada por PASCO Japdn con el apoyo de CTl Engineering Co. Ltd,,
empresa japonesa de amplia experiencia en modelacion hidraulica. Se realizé en modalidad
virtual entre el 28 de octubre y el 19 de noviembre de 2024, en horario de 20:00 (Paraguay) y
08:00 (Japdn), con un total de 38 participantes.

Figura 4. Participantes de la capacitacion virtual sobre modelacion
hidrdulica con iRIC/Nays2DFlood

a) Participacion interinstitucional

La capacitacion se caracterizé por su enfoque interinstitucional, incorporando a entidades
gubernamentales, académicas y de la sociedad civil. De los 38 participantes, 15 asistieron en
modalidad sincronica v 13 en modalidad asincrénica, mientras gue el resto accedié mediante

materiales complementarios que gquedaron almacenados en la nube.

Tabla 2. Modalidad y niumero de participantes Figura 5. Participantes por institucion
en la capacitacion virtual (2024).

Modalidad Nur.m.aro de Porce.nta]e
participantes aproximado
Sincroénica 15 39%
77
Asincrénica 13 34% o
3 3 g
Otros 10 27% l i B
l 1
DMH INE MOPC AEP  Atode UCA UNA
Total 38 100% Pulmén
W inscriptos @ Sincronicos @ Asincronicos
Fuente: eleboracion propia (2024). Fuente: eleboracion propia (2024).
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b) Contenidos desarrollados
El programa de capacitacion se disefid con un enfoque progresivo, iniciando con conceptos
basicos de analisis hidraulico e integrando gradualmente el uso del software iRIC/Nays2D

Flood en condiciones reales de Paraguay, especialmente en los Bafados Norte y Sur. La

siguiente tabla sintetiza la cronologia de |la capacitacion:

Tabla 3. Cronograma y contenidos de la capacitacion virtual (2024).

Dia Fecha Japén Fecha Paraguay Contenidos principales

1 59 de octubre 58 de octubre Introduccion a la ge'an.Dn c.ie |f1u.nda<:|ones Y
fundamentos de analisis hidraulico
Uso de informacion satelital y DEM (SRTM,

2 30 de octubre 29 de octubre
ALOS PALSAR)

3 T T— 9045 GEHIBS Integramo.n de datos IC]ImatI(?OS (GSMaP,
ERADS) y cierre del primer modulo

4 6 de noviembre 5 de noviembre Ir.ntro?:htlcmon'al.software iRIC y primeros
ejercicios practicos (con datos de Paraguay)

5 Fdsnsvianbre Edsnsdaniire Ejecucion de simulaciones basicas en iRIC
(con datos de Paraguay)

6 8 de noviembre 7 de noviembre Fur.'|<:|or?1<,es corr.npl.ementanas ae IRICy
validacion preliminar de resultados

- 12 de noviembre 11 de noviembre Analllsn; de escenarios de inundacion fluvial
con iRIC

s 1% d rsvisinbEs | 12 g8 RevisRibTs Evaluacion .de medidas estructurales y efectos
sobre el flujo

9 8:45 sararEis | 18 g8 eviEsmEs Pres.er."ntamon de resultados por los equipos
participantes

20 de : Discusion de resultados, retroalimentacion y
10 . 19 de noviembre . L
noviembre cierre de la capacitacion

Fuente: eleboracion propia (2024).

c) Resultados de la capacitacion

Mas allad de la transferencia de conocimientos técnicos, el proceso constituyd un espacio comun

de aprendizaje que permitio articular a multiples instituciones en torno al analisis de
inundaciones. Este ejercicio reforzd la cooperacion interinstitucional y sentd bases para el

desarrollo de futuros proyectos de investigacion y gestion del riesgo en el pais.
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5.3. Software y modelo hidraulico utilizado

El estudio de inundaciones puede abordarse desde dos perspectivas complementarias:

« Analisis hidroldgico: busca estimar el escurrimiento generado por la precipitaciéon en una
cuenca, es decir, cuanta agua llega al cauce principal en funcién de la lluvia caida y de las
caracteristicas del terreno.

« Analisis hidraulico: se centra en codmo ese escurrimiento o caudal se propaga a través del rio
y las areas aledafas, describiendo la profundidad, velocidad y extension de la inundacion
sobre el terreno.

En este proyecto piloto se desarrollé uUnicamente el analisis hidraulico, debido a la
disponibilidad de datos hidrométricos (niveles y caudales del rio Paraguay registrados por la
DMH) y a las limitaciones de tiempo para incorporar un modelo hidrolégico completo. Sin
embargo, se considerd importante explicar ambas perspectivas porque en futuros estudios

podrian integrarse, logrando un enfoque mas completo.
5.3.1. iRIC y el modelo Nays2DFlood

El software principal utilizado fue iRIC (International River Interface Cooperative), una
plataforma gratuita que integra diferentes modelos hidraulicos y es ampliamente aplicada en
estudios internacionales. Dentro de este entorno se selecciond el modelo Nays2DFlood,
diseflado para simular inundaciones en dos dimensiones (2D).

Este modelo resuelve las ecuaciones de flujo en superficie libre mediante voliumenes finitos,
permitiendo analizar la propagacion del agua a partir de condiciones de entrada como
caudales y precipitaciones extremas. En el caso de los Bafados Norte y Sur, Nays2DFlood
posibilito:

» Representar la propagacion del agua sobre planicies de inundacion y areas urbanas.

» Incorporar datos locales de caudales histéricos, niveles de agua y topografia.

« Simular tanto la inundacion fluvial (crecida del rio Paraguay en 1983) como la pluvial (lluvia

extrema de 1997).

La pertinencia de este modelo radica en su capacidad de trabajar con informacion disponible
en Paraguay y en su gratuidad, lo que lo hace accesible para instituciones publicas y centros de

investigacion.

liC_RICSoftware  Navs2DFlood
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5.3.2. ArcGIS Pro como apoyo al modelado

El modelado hidraulico fue complementado con el uso de ArcGIS Pro, un software de analisis
geoespacial que permitio procesar e integrar los resultados en mapas de peligro de inundacion.
Su aplicacion facilito:

* La conversion de datos numéricos en productos cartograficos comprensibles.

+ La clasificacién de niveles de peligro en funcién de la profundidad del agua.

« |Laidentificacion de infraestructura critica y zonas residenciales expuestas.

« La comunicacion visual de resultados a instituciones y comunidades.
De este modo, iRIC/Nays2DFlood permitid realizar la simulacién hidraulica y ArcGIS Pro

transformo esas salidas en productos Utiles para la gestion del riesgo.

ArcGIS Pro

5.3.3. Comparacién con otros modelos

La seleccion de iRIC/Nays2DFlood se apoyd en un andlisis comparativo con otros modelos de

uso internacional (RRI, MIKE, HEC-RAS). La Tabla 4 muestra una sintesis de sus caracteristicas.

Tabla 4. Comparacion de modelos hidraulicos

item iRIC/Nays2DFloo RRI Serie MIKE HEC-RAS
P |
' Onda dinamica orids. 45 D.Ifl..fSJC.m / onda o
Metodo (shallow water TR dinamica Onda dinamica
. difusion ;
equations) seleccionable
: Integra Amplia variedad Muy difundido.
Modu'los I_D 3D. escorrentia e de modulos Modelos 1D
Permite simular : - ; ;
SN AYESE inundacion al (escorrentia, (rios) y 2D
Ventajas y mismo tiempo alcantarillado, (inundacion).
urbanas. Interfaz : : ; s
. sin necesidad de inundacion). Interfaz
amigable. caudales Compatible con amigable
Gratuito. P g T
observados. SIG. Gratuito.
Disponibilidad  Gratuito Gratuito Comercial Gratuito

Fuente: elaboracion propia (2025), adaptado de PASCO & CTI.
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Figura 6. Procedimiento para el desarrollo del modelo Nays2D_Flood en iRIC.

[ Instalacion de iRIC y Nays2D_Flood ]

Recopilacion de datos
topograficos e hidroldgicos.

( 45 . p Preparacion del hietograma
Prepa;acm;n del_hlgr?grama (precipitacién en funcidn del tiempo)
(c%udaden unimoré te t|§m|po) basados en los datos de
20005 Bt 05 QA0S 48./a precipitacion de 1997 (190.8 mm en
inundacion de 1983. un dia)
\ J .
' ™ o ™
Creacion del proyecto en iRIC Creacion del proyecto en iRIC
A . A vy
4 ™ F 3 Y
Importacion de los datos Importacion de los datos
topograficos (DEM 12.5m). topograficos (DEM 12.5m).

' N ' ™
Generacion de la malla de caélculo. Generacion de la malla de calculo.
' ™ 7 ™
Configuracion de los datos de Configuracion de los datos de
ingreso de flujo. ingreso de flujo.

L vy L A
' ™ i ™
Definicion de las condiciones de Definicion de las condiciones de
calculo. calculo.

L y A vy
4 l ™ 'a l ™~
Ejecucion de la simulacion Ejecucion de la simulacion
. v A v
Resultados de la simulacion Resultados de la simulacion

de inundacion fluvial. de inundacion pluvial.
Fuente: elaboracion propia (2025).
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5.4. Datos utilizados

La construccion del modelo hidraulico y el analisis geoespacial se basaron en la recopilacion e
integracion de informacion topografica e hidrologica. Estos datos fueron seleccionados porgue
permiten, respectivamente, representar el relieve de la zona de estudio y describir el
comportamiento histdrico del rio Paraguay y de las precipitaciones gue lo afectan. La correcta
integracion de ambos conjuntos de informacion constituye la base para realizar simulaciones

confiables en el entorno del software iRIC, mediante el modelo Nays2D_Flood.

5.4.1. Datos topograficos

a) Modelo Digital de Elevacion (DEM)
Se empled un Modelo Digital de Elevacion (DEM) con resolucion espacial de 12.5 metros,

generado a partir de imagenes del satélite ALOS PALSAR y procesado por el GEOLab.

b) Funciones del DEM en la simulacion hidraulica
El DEM desempefia un papel central en la simulacion porque:
= Representa la morfologia del terreno, incluyendo elevaciones, pendientes vy
depresiones.
= Determina la direccion del escurrimiento superficial y permite identificar las areas
con tendencia a acumular agua.
= Sirve de base para la generacion de la malla de calculo en el modelo Nays2D_Flood,
lo que posibilita aplicar las ecuaciones hidraulicas a nivel de celdas.
El DEM no es unicamente un mapa de alturas, sino el soporte geomeétrico que permite al

modelo reproducir el movimiento del agua sobre la superficie terrestre.

5.4.2. Datos hidroldgicos

a) Registros historicos
Los datos hidrologicos utilizados provienen de la Direccion de Hidrologia y Meteorologia
(DMH), a través de la estacion meteoroldgica Asuncion ANNP, con un periodo de cobertura
que abarca desde 1960 hasta 2024. Se incluyen tres variables fundamentales:

= Nivel diario del rio Paraguay, expresado en metros (m).

» Caudal diario, en metros cubicos por segundo (m?®/s).

= Precipitacion diaria, en milimetros (mm).
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b) Eventos extremos relevantes

Dentro de estas series historicas se identificaron valores criticos, que constituyen referencia
para la calibracién y validacion del modelo:
« Nivel maximo historico: 9.01 m (29 de mayo de 1983).

Figura 7. Nivel maximo histérico del Rio Paraguay.

L 9.01m 1983/5/29-30
2! o Fig- Water level at Asuncion ANNP (218)
. ] : | J
E ‘ | ! |I | I ; il 1 il N
£ 43 | - : | & A (I 1 AYTH - , |
g ! / | l | | ||'.|-III'I vy ! I | | h L | ll J |'|' | l.l I.‘ I i I \ ' i yil | |
] II‘||fu; i ) | - ! I‘!]J URIE i 1wl
= LA y I) I ' ’ Iy ATYL R
* o V \ | kl v
Fuente: CTI Engineering International (2024), a partir de registros de la Direccion de

Meteorologia e Hidrologia (DMH).
« Caudal maximo registrado: 11,704 m*/s (29 de mayo de 1983).

Figura 8. Caudal del Rio en Asuncion segun la Estacion ANNP.

T %;J: e P s Fig River Flow at Asuncion ANNP (218)
g o I |

[T

P hﬂ | j”\, W' M Jw"m M i) j\f L ‘wJu' J\' w\ fl L«W M\‘ W w

Fuente: CTI Engineering International (2024), a partir de registros de la Direccidon de
Meteorologia e Hidrologia (DMH).

* Precipitacion maxima diaria: 190.8 mm (22 de diciembre de 1997).

Figura 9. Precipitacion y nivel del agua sobre 5.5 m en el Puerto de Asuncién ANNP.

“® T Fig Precipitation and water level over 5.5m at the port of Asuncién ANNP (218)
350 9.01m 1983/5/29-30 () . 9
I 8

S — i
::: i ;\’ |1 1| ? L —
E 250 4 i & RRre | E
E ; | e i, P E
S 200 O =
= 190.8 mm/d 1997/12/22 g
5 150 | &
:c'f 100

Fuente: CTI Engineering International (2024), a partir de registros de la Direccidon de
Meteorologia e Hidrologia (DMH).
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« Nivel critico para el Puerto de Asuncion: 5.5 m, equivalente a un caudal de 5,092 m?®/s.
o Este umbral se supero en 22 ocasiones entre 1960 y 2019, evidenciando la recurrencia de
eventos de riesgo en la zona urbana de Asuncion.
Estos registros son fundamentales para establecer condiciones de frontera en las simulaciones,

asi como para analizar la severidad y frecuencia de las inundaciones historicas.

5.4.3. Integracién de los datos en el modelo

Una vez recopilados y organizados, los datos topograficos e hidrolégicos fueron incorporados

en el software iRIC, donde se configuré el modelo hidraulico Nays2D_Flood.

Este modelo permite reproducir dos tipos de escenarios de inundacion:

a) Inundacion fluvial (riverine flood):
o Utiliza como insumo principal el caudal y nivel del rio.
o Permite representar eventos de desbordamiento asociados a crecidas extraordinarias,

como la registrada en 1983.

b) Inundacion pluvial (inland flood):
o Se basa en eventos de precipitacion extrema, como la lluvia de diciembre de 1997.
o Analiza la acumulacion de agua sobre la superficie urbana en respuesta a lluvias

intensas, independientemente del desborde del rio.

La integracion de ambos enfoques dentro de un mismo sistema de simulacion posibilita un
analisis mas completo de los riesgos de inundacion. Por un lado, se consideran los efectos de
las crecidas del rio Paraguay; por otro, se incorporan los impactos de lluvias intensas que
afectan directamente a la ciudad. De esta manera, el modelo ofrece una herramienta robusta

para evaluar tanto eventos histéricos como escenarios hipotéticos de riesgo futuro.

5.5. Preparacion de los datos hidrolégicos

La preparacion de los datos hidroldgicos es un paso esencial para garantizar la confiabilidad de
las simulaciones hidraulicas realizadas con el modelo Nays2D Flood dentro del software iRIC.
En este proceso se definen los insumos principales que permiten reproducir tanto los eventos
de inundacion fluvial, vinculados al caudal del rio, como los eventos de inundacion pluvial,

asociados a precipitaciones extremas.
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5.5.1. Preparacion para la simulaciéon de inundacion fluvial (Riverine Flood Simulation)

a) Variable de entrada principal
El insumo clave para la simulacion de inundaciones fluviales es el caudal del rio Paraguay,
expresado como una serie temporal de descarga en m?®/s. Este dato permite modelar la

evolucion de las crecidas y evaluar el desbordamiento del cauce en situaciones criticas.

b) Métodos para obtener el caudal
Existen dos formas principales de disponer de esta informacion:
= Analisis de escorrentia: estimacion del caudal a partir de modelos hidrolégicos que
convierten la precipitacion en flujo de agua en el rio.
= Mediciones directas: registros observados de caudal en estaciones hidrométricas.
La eleccidn del método depende de la disponibilidad y calidad de los datos de precipitacion y

caudal, asi como de la escala de la cuenca hidrografica.

c) Analisis de escorrentia

i. Definicion

El analisis de escorrentia permite estimar el caudal en puntos especificos de la cuenca,
utilizando como insumo un hietograma de precipitacion (lluvia en funcidén del tiempo). A partir
de este insumo se genera un hidrograma (caudal en funcién del tiempo), que describe la forma

en que el agua de lluvia escurre y alcanza el cauce principal.

Figura 10. Conversidén de datos de precipitacién a caudal.

i Hyetograma g Hidrograma
=
E <}
E # =
&« E
(&
T (hr/day) T (hr/day)

Fuente: CTl Engineering International (2024).
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ii. Caso del Rio Paraguay

El Rio Paraguay, con una longitud de 2,621 km
y un drea de captacion de 365,592 km?,
constituye un sistema de gran escala. Por esta
razon, para aplicar un analisis de escorrentia

confiable es necesario:

= |ncorporar informacion de
precipitacion de toda la cuenca.

= Considerar la presencia de
estructuras hidraulicas (represas,

azudes) que alteran el flujo natural

del rio.

iii. Modelo RRI (Rainfall-Runoff-ilnundation)

Figura 11. Rio Paraguay en la Cuenca del
Rio de la Plata.

-

\

Rio Paraguay
Longitud: 2,621 km
Area de captacion:
365,592 km?

Para un analisis mas profundo se puede emplear el modelo RRI, que tiene la capacidad de

simular simultdaneamente la escorrentia generada por lluvias intensas y la inundacién por

desbordamiento. Este modelo integra:

Figura 12. Ejemplo de precipitacion.

What discharge?
(m3/s or MCM)

2 G ‘i‘i

Target Point m

Fuente: CTl Engineering International (2024).

= Escorrentia superficial (2D): cada celda

actua como un tanque gque acumula y
libera agua.

Flujo en cauce (1D): calcula el nivel del
agua dentro del rio.

Inundacioén superficial (2D): reproduce
la propagacion lateral del agua sobre la

superficie.

Dada la magnitud internacional del Rio Paraguay, se requieren datos de precipitacién no solo

en territorio paraguayo, sino también en areas adyacentes de Brasil. Esta necesidad representa

un desafio logistico y técnico. Por ello, en este estudio se optd por utilizar directamente los

datos observados en la estacion ANNP, evitando la complejidad de un analisis de escorrentia a

gran escala.

Fuente: CTIl Engineering International (2024).
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d) Hidrograma de referencia
Para el modelo se utilizé el hidrograma del evento de 1982-1983, que incluye un nivel critico de

5.5 m (5,092 m?/s).

Figura 13. Nivel del agua en Asuncion ANNP (1982-1983).

Fig Water level at Asuncion ANNP (1982 - 1983)

er Flow (mi/s

N

Riw

5.092m?¥s (5.5m)

Fuente: CTl Engineering International (2024), a partir de registros
de la Direccion de Meteorologia e Hidrologia (DMH).
e) Optimizacion y conversién temporal
Para mejorar la eficiencia del proceso de simulacién se aplicaron dos ajustes:
1.Optimizacion temporal: en lugar de simular toda la serie historica, se selecciond un periodo
representativo de un mes (15 de mayo - 14 de junio). Esto reduce el tiempo de coémputo sin
comprometer la precision.
2.Conversion de datos: los caudales diarios fueron transformados en caudales horarios
mediante interpolacion lineal, lo gue permitié incrementar la resolucion temporal y mejorar

la precision de las simulaciones.

Figura 14. Nivel del agua en Asuncion (15/05-14/06 de 1983).

Fig Water level at Asuncion ANNP (1983/5/15-6/14)
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Fuente: CTl Engineering International (2024), a partir de registros
de la Direccion de Meteorologia e Hidrologia (DMH).
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5.5.2. Preparacién para la simulacion de inundacion pluvial (Inland Flood Simulation)

a) Evento de referencia

El insumo principal para la simulacion pluvial es la precipitacion extrema registrada el 22 de
diciembre de 1997 en la estacion Asuncion ANNP, con un valor de 190.8 mm en un solo dia.
Este evento se considera representativo para analizar la capacidad de la ciudad de responder a

lluvias intensas y repentinas.

Figura 15. Modelo hietografico de Asuncion ANNP (22/12/1997).

Fig- Asucion ANNP model hyetograph (22 Dec 1997)

Hourly rainfall (mm)

gaeaanielT 1 Tz

Fuente: CTl Engineering International (2024).

b) Conversion de datos de precipitacion
Para transformar la precipitacion diaria en una distribucion horaria —mas adecuada para el
modelo hidraulico— se empled la formula de Mononobe, que permite estimar la intensidad de la

lluvia en intervalos horarios.

r=R- (53134/¢5)

Donde:
« rt = intensidad de precipitacion (mm/h).
« R = precipitacién diaria total (mm).

« T =tiempo (h).

Este procedimiento genera un hietograma horario gue sirve como condicién de entrada en el

modelo Nays2D_Flood para simular la inundacion pluvial.
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5.5.3. Calculo de la pendiente energética

El calculo de la pendiente energética es un paso necesario en la configuracion del modelo
hidraulico, ya que este parametro define el gradiente de energia disponible en la frontera de
entrada del rio. En modelos bidimensionales como Nays2D_Flood, la pendiente controla la
propagacion del flujo y garantiza que el comportamiento del nivel del agua sea coherente con
la dinamica real del cauce. Sin este valor, la simulacion podria generar resultados poco realistas

en términos de velocidad, niveles y extension de la inundacion.

a) Perfil longitudinal del tramo

Para determinar la pendiente, se trazé una polilinea a lo largo del eje del rio Paraguay utilizando
Google Earth, cubriendo el tramo que atraviesa los Bafiados Norte y Sur en Asuncion. El perfil
topografico obtenido permitio identificar la cota inicial y final del lecho, asi como la longitud

total del tramo considerado.

b) Calculo de |la pendiente
Del perfil longitudinal se obtuvo una diferencia de cotas de aproximadamente 3 metros en una

longitud de 24,8 km. Con estos valores se calculo la pendiente media del cauce:

g _ Az B 3
L 24.800

~ 0.00012 (=~ 1/8.270)

Este resultado se asumié como representativo de la pendiente energética, considerando que en
tramos sin influencia mareal relevante la pendiente del lecho se aproxima de forma adecuada al

gradiente de energia.

c) Implementacion en el modelo

El valor de S=0.00012 fue ingresado en el modelo Nays2D_ Flood, dentro de la opcion
Boundary Condition > Inflow > Slope value at inflow. Esto permitid reproducir el gradiente
longitudinal del rio en el tramo de Asuncion durante la simulacion, aportando estabilidad

numerica y consistencia hidrodinamica.

d) Consideraciones adicionales
El perfil longitudinal incluye variaciones locales producto de terraplenes, albardones vy
estructuras como el puente Héroces del Chaco. Para evitar que estas irregularidades

distorsionaran el calculo, se aplicé un suavizado mediante linea de tendencia.
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5.5.4 Representacion de obstaculos en el modelo

Para mejorar la precision de la simulacion hidraulica fue necesario incorporar obstaculos fisicos
que condicionan el flujo del agua en el area de estudio. Estos elementos fueron representados
mediante poligonos vectoriales, integrados al modelo en iRIC/Nays2DFlood como superficies
impermeables.
En este estudio se consideraron tres infraestructuras principales:

« Costanera Norte

« Costanera Sur

« Puente Héroes del Chaco
Estas obras actuan como barreras parciales o totales al desplazamiento del agua, modificando
tanto la direccion como la velocidad del flujo durante un evento de inundacion. Su inclusion en
el modelo permitic obtener una representacion mas realista de las condiciones hidraulicas en
los Bahados, especialmente en lo referente a la propagacion de aguas hacia areas urbanizadas

y al comportamiento de los flujos en zonas de conexion vial.

5.5.5. Definicion de rugosidad

La rugosidad del terreno es un parametro fundamental en la modelacion hidraulica, ya que
determina la resistencia que la superficie opone al movimiento del agua. Este valor influye
directamente en la velocidad de escurrimiento y en la acumulacion en distintas zonas del
modelo.

En este proyecto, se generd un poligono gue abarca el area urbana de Asuncion dentro del
dominio de simulacion. A dicho poligono se le asignd un coeficiente de rugosidad de 0,12,
correspondiente a la categoria “developed medium intensity”.

La asignacion de este valor se basd en los coeficientes de rugosidad de Manning propuestos
por el U.S. Army Corps of Engineers (USACE) en el manual HEC-RAS para modelaciones 2D,
que se presentan en la Tabla 5. Como puede observarse, la categoria developed medium
intensity cubre valores entre 0,10 y 0,15, por lo que el valor seleccionado (0,12) resulta
representativo de las condiciones de urbanizaciéon media que caracterizan a gran parte de
Asuncion.

La definicion de rugosidad permitio diferenciar el comportamiento hidraulico del area urbana
respecto a superficies naturales o de menor intervencion, contribuyendo a una simulaciéon mas

ajustada a las condiciones reales del territorio.
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Tabla 5. Coeficientes de rugosidad (Manning’s n) propuestos por el USACE-HEC-RAS para

calculos 2D

Categoria de superficie

Water surface (open
channel)

Developed, open space

Developed, low intensity

Developed, medium
intensity

Developed, high intensity

Agricultural

Forest

Wetlands / Marsh

Descripcion Coeficiente (n)

Superficie de agua sin
obstrucciones

0.030 - 0.040

Areas urbanizadas con
predominio de espacios 0.06 - 0.08
abiertos (parques, lotes)

Zonas residenciales de
baja densidad

0.08 - 0.10

Areas residenciales de
media densidad, con calles 0.10 - 0.15
y construcciones regulares

Areas urbanas de alta
densidad (centros urbanos, 0.12 - 0.18
comerciales)

Superficies agricolas

i . 0.04 - 0.08
(cultivos, pastizales)
Zonas boscosas o 0.16 - 0.20
arboladas
Humedales con vegetacion 0.20 - 0.30

densa

Fuente: U.S. Army Corps of Engineers (USACE). (2016). HEC-RAS River Analysis System:

2D Modeling User's Manual

California.

(Version 5.0). Hydrologic Engineering Center, Davis,
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5.6. Ejecucion de simulaciones

Con los insumos hidrologicos y topograficos definidos, se desarrollaron simulaciones numeéricas
utilizando el software iRIC con el modelo Nays2D_Flood, orientadas a evaluar escenarios de
inundacion en Asuncion bajo dos condiciones criticas: la inundacion fluvial y la inundacion
pluvial.

La configuracion de la malla de célculo fue comun a ambas simulaciones y se construyd a partir
del Modelo Digital de Elevacion (DEM) de 12,5 m. Los parametros principales de la grilla fueron:

« ni =300 (numero de celdas en direccion x)

nj = 300 (numero de celdas en direccion y)

di = 66.284 m (longitud total del dominio en direccion x)

dj = 50 m (resolucion en direccion y)

W =15.000 m (ancho aproximado de la grilla)

Es importante destacar que dj = 50 m corresponde a la resolucion final del modelo simulado, lo
que permitid representar adecuadamente la planicie de inundacion dentro de las limitaciones
de los datos disponibles. Estos parametros se mantuvieron iguales tanto para la simulacion

fluvial como para la pluvial, asegurando la comparabilidad entre resultados.

a) Inundacioén fluvial
La inundacion fluvial corresponde al desborde del rio Paraguay durante eventos de crecida.
Para este estudio se selecciond el evento histérico de 1983, considerado uno de los mas
significativos en el registro hidrolégico de Asuncion.
« Condiciones de entrada: hidrograma del evento de 1983, interpolado de registros diarios a
una serie horaria.
« Periodo simulado: del 15 de mayo al 14 de junio de 1983, abarcando la fase ascendente, el
pico y el descenso de la crecida.
¢ Objetivo: reproducir el comportamiento del desborde lateral del rio y delimitar las areas de

afectacion, principalmente en los Bafiados Norte y Sur.

Tabla 6 - Parametros de la simulacion fluvial.

Parametro Valor Fuente

ni, Nj 300 x 300 Elaboracion propia
di 66.284 m Elaboracion propia
dj (resolucion) 50 m Elaboracion propia
W 15.000 m Elaboracion propia
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Parametro Valor Fuente

Evento historico Crecida de 1983 Registros hidrologicos ANNP de DMH
Periodo simulado 15/05 - 14/06/1983  Registros historicos ANNP de DMH
Tiempo de computo 10 horas GEOlab - AEP

Fuente: Elaboracion propia a partir de registros hidrologicos historicos de DMH vy
procesamiento en GEOlab - AEP.

b) Inundacion pluvial

La inundacion pluvial resulta de precipitaciones intensas que exceden la capacidad de drenaje
urbano. Se simuld el evento del 22 de diciembre de 1997, cuando se registraron 190,8 mm de
[luvia en 24 horas en la estacidon Asuncion ANNP.

« Condiciones de entrada: serie horaria de precipitaciéon generada a partir del valor diario

mediante la férmula de Mononobe.
+ Periodo simulado: evento puntual de 24 horas correspondiente al 22/12/1997.
*» Objetivo: identificar zonas urbanas criticas de acumulacién y anegamiento en ausencia de

desbordes fluviales.

Tabla 7 - Parametros de la simulaciéon pluvial.

Parametro Valor Fuente

ni, Nj 300 x 300 Elaboracion propia
di 66.284 m Elaboracion propia
dj (resolucion) 50 m Elaboracion propia
wW 15.000 m Elaboracion propia

Precipitacion

Evento historico Registros historicos ANNP de DMH

de 190,8 mm
Fecha simulada 22/12/1997 Registros historicos ANNP de DMH
Tiempo de computo 2 horas GEOlab - AEP

Fuente: Elaboracion propia a partir de registros hidrologicos historicos de DMH y
procesamiento en GEOlab - AEP.
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c) Comparacion entre simulaciones
Las simulaciones fluvial y pluvial compartieron la misma configuracion de grilla y resolucion,

pero difirieron en insumos, duracion y complejidad computacional.

Tabla 8 - Comparacion entre simulacién fluvial y pluvial

Aspecto Fluvial Pluvial

Evento histérico Crecida de 1983 Lluvia de 190,8 mm en 1997
Duracion simulada 30 dias 24 horas

Resolucion del modelo (dj) 50 m 50 m

Tiempo de computo 10 horas 2 horas

Sectores urbanos con
insuficiencia de drenaje

Areas criticas Bafiados Norte y Sur

Fuente: elaboracion propia (2025).

c) Consideraciones finales

Las simulaciones realizadas permitieron representar de manera adecuada los procesos de
inundacion en la ciudad de Asuncion, tanto por desborde fluvial como por precipitaciones
extremas. Sin embargo, debe sefalarse que la resolucion espacial del modelo (dj = 50 m)
estuvo condicionada por la disponibilidad de datos abiertos del DEM.

Si bien esta resolucion permitid obtener resultados consistentes a escala general, puede ser
insuficiente para capturar detalles microtopograficos relevantes en areas urbanas. Por ello, se
recomienda que en futuros estudios se gestionen insumos de mayor resolucién espacial (por
ejemplo, levantamientos LIDAR o fotogrametria aérea). Replicar la presente metodologia con
datos de mayor detalle permitira reducir la incertidumbre en los resultados y fortalecer el

soporte técnico para la planificacion territorial y la gestion de riesgos en Asuncion.
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6. RESULTADOS

6.1. Resultados del analisis de inundacion

A partir de las simulaciones realizadas en el software iRIC/Nays2D_Flood y del procesamiento

geoespacial en ArcGIS Pro, se obtuvieron mapas de peligro de inundacion gue representan la

distribucion espacial de las profundidades de agua bajo escenarios fluviales y pluviales.

Estos mapas constituyen un insumo para la gestion del riesgo en Asuncién, ya que permiten

identificar las zonas mas expuestas a diferentes niveles de inundacion y visualiza el grado de

peligro para la poblacion y la infraestructura. Como destaca la CEPAL (2022), “los mapas de

peligro constituyen la base fundamental para la planificacion de la gestion del riesgo de

inundaciones”.

Ademas, los productos generados cumplen una doble funcion:

« Técnica, al ofrecer informacion para los tomadores de decisiones en materia de
planificacion urbana y mitigacion del riesgo.

« Comunicacional, al facilitar la comprension del fendmeno de inundaciéon en las comunidades
afectadas, promoviendo una cultura de prevencion.

Este enfoque metodolégico ha sido aplicado en experiencias internacionales donde se

reconoce que los mapas de peligro de inundacion no solo describen la amenaza fisica, sino que

también son herramientas practicas para orientar politicas publicas y proyectos de

infraestructura (Banco Mundial, 2021).
6.1.1. Interpretacién de la paleta de colores por nivel de peligro

Los mapas de peligro generados en este estudio emplean una paleta de colores estandarizada

que clasifica los rangos de profundidad del agua en cinco categorias de peligro, desde bajo

hasta extremo. Esta simbologia se disefid con el objetivo de facilitar tanto la lectura técnica

como la comprension comunitaria de los resultados, asegurando que los productos puedan

servir como insumo en distintos niveles de decision.

La clasificacion adoptada en este proyecto constituye una elaboracion propia del equipo

técnico, desarrollada a partir de la revision de experiencias internacionales. Se tomoé como

referencia:

* Mapas de peligro de inundacion desarrollado en Japdén, que introduce categorias
diferenciadas para la comunicacion del riesgo en areas urbanas facilitado por los

consultores de PASCO.
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A partir de estas fuentes, se construyé una clasificacion ajustada a la realidad de Asuncion, en
la que se buscd equilibrar criterios técnicos de modelacion hidraulica con la necesidad de

transmitir los resultados de manera clara a instituciones y comunidades. En este proyecto

piloto, se utilizé la siguiente clasificacion de profundidades:

Tabla 9. Interpretacion de la paleta de colores por nivel de peligro de inundacion

Profundidad Categoria
Color g. Descripcion Efectos tipicos
del agua de peligro
. . Dificulta la movilidad, afecta caminos y
Peligro Anegamiento i
<05m ; . genera impactos moderados en
bajo s superficiales
infraestructura.
Peli | dacid Afecta viviendas d iso, icios basi
Verde 05-3m e |gro nundacion ‘ec a w\.nen as' e‘un piso, servicios basicos
medio moderada e instalaciones publicas.
Supera la altura de viviendas de un piso,
Amarill 3-Em Peligro Inundacion ocasiona dafos significativos en
o alto severa infraestructura y amenaza la seguridad de la
poblacion.
. o Cubre totalmente edificaciones bajas vy
Peligro Inundacion : S ;i
5-10m . medianas; hace inviable la permanencia de
muy alto critica .
poblacion.
Beligio iRaSEIsEs Asociada a,cauces principales o deprem‘ones
Celeste >10m i s marcadas; dreas no aptas para asentamientos
extremo maxima

Fuente: elaboracion propia (2025)

La combinacién de esta simbologia
con referencias visuales, como se
aprecia en la Figura 16, permite
comprender graficamente la
relacion entre el nivel del agua, la
infraestructura (particularmente las
viviendas) y la escala humana. Esta
forma de presentacion es
fundamental para garantizar que la
informacion sea comprensible no
solo sino

para especialistas,

también para las comunidades
linea con las

la CEPAL

expuestas, en
recomendaciones de

(2022).

humanos.

Figura 16. Escala visual de peligro de inundacion segun
la altura del agua.

Fuente: elaboracion propia (2025)



6.1.2. Inundacioén fluvial - Escenario 1983

a) Bahado sur

» Resultados de la simulacion.
El mapa de peligro de inundacion fluvial para el Banado Sur, correspondiente a la Figura 17,
reproduce el comportamiento del evento histérico de 1983, mostrando un gradiente claro de
profundidades:

o En la franja riberefa, inmediata al cauce principal del rio Paraguay, las profundidades
alcanzan entre 5 y 10 m, lo que corresponde a condiciones de inundacion critica. Estas
areas coinciden con depresiones naturales y zonas mas bajas donde |la energia del flujo
se concentra. En sectores puntuales, asociados a depresiones marcadas, se observan
areas con valores cercanos o superiores a los 10 m, lo que las hace incompatibles con
cualquier tipo de uso urbano.

o En las zonas intermedias, entre el borde riberefio y los barrios de mayor consolidacion,
se extiende una franja con profundidades de 3 a 5 m, categoria gque se considera de
inundacion severa. La magnitud de estas areas refleja la exposicion de asentamientos
precarios localizados en planicies de inundacion.

o Hacia la transicion con la periferia urbana consolidada, los valores predominantes se
reducen a entre 0,5 y 3 m. Estas profundidades, aunque moderadas, son suficientes para
comprometer viviendas de un piso, caminos de acceso y servicios basicos.

o Finalmente, en los sectores mas elevados aparecen anegamientos superficiales (<0,5 m),
gue si bien no representan un riesgo estructural alto, dificultan la movilidad y la

accesibilidad, lo cual en situaciones de emergencia retrasa la respuesta humanitaria.

* [nfraestructura potencialmente afectada.

Al superponer los resultados de la simulacion con datos de Humanitarian OSM (actualizado a
agosto de 2024) y Cartografia Digital 2022, se identificé que 10.594 infraestructuras
actualmente existentes quedarian bajo condiciones de inundacion si un evento de magnitud
similar al de 1983 volviera a repetirse. Esto incluye 10 escuelas y 9 instalaciones criticas (centros
de salud, iglesias y servicios publicos). Es importante subrayar que estos datos no representan
la situacion de 1983, sino una estimacion de los danos que se producirian en la actualidad ante

un escenario comparable.

b) Banado Norte

» Resultados de la simulacion.

El mapa de peligro de inundacion fluvial para el Bafiado Norte, correspondiente a laFigura 18,
reproduce el comportamiento de un evento de magnitud similar al de 1983, mostrando un
gradiente de profundidades que abarca desde anegamientos superficiales hasta niveles

criticos:

41



o En la planicie central del bafiado, se concentran valores de 0,5 a 3 m, que corresponden
a condiciones de inundacion moderada. Estos niveles afectan directamente a viviendas,
caminos principales y servicios basicos.

o En sectores puntuales, asociados a depresiones naturales y zonas de baja pendiente, se
observan profundidades de 3 a 5 m, clasificadas como inundacion severa localizada, con
riesgo significativo para la poblacion vy la infraestructura alli asentada.

o En las areas proximas al cauce y zonas bajas mas profundas, se identifican superficies
relevantes con profundidades de 5 a 10 m, lo gue corresponde a condiciones de
inundacion critica. En puntos muy especificos, los valores alcanzan mas de 10 m,
evidenciando la incompatibilidad de estas areas con cualquier uso urbano bajo
escenarios de crecida.

o Finalmente, en los bordes de mayor cota se registran anegamientos superficiales (<0,5
m), gque si bien no implican dafios estructurales de gran magnitud, dificultan la movilidad

y el acceso a servicios esenciales durante emergencias.

e [nfraestructura potencialmente afectada.
Si un evento con caracteristicas similares al de 1983 volviera a ocurrir en la actualidad, la
superposicion de la simulacion con los datos de Humanitarian OSM (actualizado a agosto de
2024) y la Cartografia Digital 2022 permite estimar que 702 infraestructuras existentes
quedarian afectadas. Entre ellas se encuentran 1 escuela y 5 instalaciones criticas, que incluyen
centros de salud, servicios basicos y equipamientos comunitarios.
La distribucién por rangos de profundidad es la siguiente:
o 517 infraestructuras bajo <0,5 m, principalmente afectadas por anegamientos vy
problemas de accesibilidad.
o 180 infraestructuras en zonas de 0,5 a 3 m, con impactos mas severos sobre viviendas y
equipamientos.
o 5 infraestructuras en areas de 3 a 5 m, con riesgo de dafos estructurales.
o El resto se encuentra distribuido en las categorias de 5-10 m y >10 m, gue aungue
representan superficies menos extensas en comparaciéon con otros sectores, concentran

el mayor nivel de peligro.
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6.1.3. Inundacioén pluvial - Escenario 1997

a) Bahado sur

» Resultados de la simulacion.

El mapa de peligro de inundacion pluvial para el Banado Sur, correspondiente a la Figura 19,

basado en la precipitacion maxima del 22 de diciembre de 1997 (190,8 mm/dia), muestra un

gradiente claro de profundidades:

o

La categoria mas extensa corresponde a profundidades de 0,5 a 3 m, lo que representa
un nivel de peligro medio. Estas condiciones son suficientes para comprometer
viviendas de un piso, caminos y servicios basicos.

En depresiones localizadas, los valores alcanzan entre 3 y 5 m, considerados de peligro
alto, con afectacion critica para asentamientos precarios.

De manera puntual se observan areas con profundidades de 5 a 10 m, que corresponden
a peligro muy alto. Estas acumulaciones se concentran en zonas bajas donde el drenaje
natural es limitado, generando un escenario critico para la poblacion residente.
Finalmente, en sectores periféricos y mas elevados se registran anegamientos <0,5 m,
gue aungue de menor gravedad estructural, restringen la movilidad y la accesibilidad en
contextos de emergencia.

No se identifican superficies con profundidades superiores a 10 m, lo que marca una

diferencia con los escenarios fluviales extremos como el de 1983.

« [nfraestructura potencialmente afectada.

La superposicion de los resultados de la simulacion con los datos de Humanitarian OSM

(agosto 2024) y Cartografia Digital 2022 indica que 4.463 infraestructuras actuales quedarian

expuestas bajo un evento pluvial similar al de 1997. Entre ellas se incluyen 3 escuelas y diversas

instalaciones comunitarias. Estos datos no corresponden a la situacion de 1997, sino gque

representan los dafos potenciales que se producirian hoy si un episodio de igual magnitud

volviera a repetirse.

b) Banado Norte

« Resultados de la simulacion.

El mapa de peligro de inundacion pluvial para el Bafiado Norte, correspondiente a la Figura 20,

refleja un patron similar al del Sur, con un predominio del rango 0,5-3 m:

o

o

La mayor superficie corresponde a profundidades de 0,5 a 3 m, nivel de peligro medio
gue afecta directamente a los asentamientos y a la infraestructura vial.
En sectores de depresion natural se identifican zonas con valores de 3 a 5 m, clasificadas

como peligro alto.
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o De manera puntual se registran areas con profundidades de 5 a 10 m, consideradas de
peligro muy alto, aungue de extension reducida.

o En los bordes de transicion urbana predominan acumulaciones <0,5 m, que generan
anegamientos menores pero persistentes.

o Al igual que en el Bafado Sur, no se observaron superficies en la categoria de >10 m.

« [nfraestructura potencialmente afectada.
Al contrastar la simulacion con los datos de Humanitarian OSM (2024) y Cartografia Digital
2022, se estimo que 701 infraestructuras quedarian bajo condiciones de inundacién, incluidas 2
escuelas. Esta cifra debe interpretarse como un escenario hipotético de afectacion actual v no

como un registro historico del evento de 1997.
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Figura 16: Mapa de peligro de inundacion fluvial - Bafado Sur.

Miewl y Cound
Mg i
Escrrasin Hase

O BHan

MAPA DE PELIGRO
DE INUN
FLUVIAL

hidraulica basada
en el Escenario de 1983

Zona: Bafiado Norte

"Prayecto de Gestidn de Programa
Esparinl Aplicade ol Desarralio
Bai dnsica™

[ infraestructura
% Centros de salud
vk Iglesias
& Escuelas

—fias

—Vias principales
—— Hidrogratia

Fuente: elaboracion propia (2025)

Figura 17: Mapa de peligro de inundacion fluvial - Bafado Norte.
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Figura 18: Mapa de peligro de inundacion pluvial - Banado Sur.
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Figura 19: Mapa de peligro de inundacion pluvial - Bafiado Norte.
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7. CONCLUSION

El proyecto piloto de manejo de desastres demostré que la cooperacion interinstitucional es la
base para fortalecer la gestion del riesgo de inundaciones en Paraguay. A traveés de un esfuerzo
colectivo se lograron productos concretos que hoy constituyen aportes valiosos para el pals:
los mapas de peligro de inundacion en los Bafados Norte y Sur, la capacitacion de la mesa de
trabajo interinstitucional y la elaboracion de un manual metodolégico gue asegura la
replicabilidad de la experiencia en otras zonas del territorio nacional.

La capacitacion impartida, acompafada por el apoyo técnico de expertos japoneses vy la
coordinacion con JICA, no solo permitié transferir herramientas y metodologias, sino que
también fomentd nuevas dinamicas de cooperacion entre instituciones locales. Este proceso
instalé capacidades y promovio una forma distinta de trabajar, en la que el conocimiento
técnico y la experiencia internacional se combinaron con el saber local para dar respuestas mas
integrales.

El manual metodoldgico representa uno de los logros mas relevantes, ya que trasciende el caso
puntual de los Banados y abre la posibilidad de aplicar la metodologia en diferentes contextos
del pais. Este documento, junto con los productos cartograficos, constituye una referencia
practica para la planificacion, la gestion territorial y la reduccion del riesgo de desastres.

El proyecto también mostro el valor de utilizar datos alternativos provenientes de multiples
fuentes, como imagenes satelitales, registros hidrolégicos, cartografia digital y datos abiertos.
Esta integracion permitid superar limitaciones de informacion y demostré que, incluso en
contextos de restricciones, es posible generar resultados sélidos y de alto impacto para la
gestion del riesgo.

No obstante, el piloto también sefialé oportunidades de mejora que orientan el trabajo futuro.
Es necesario avanzar hacia el uso de modelos digitales de elevacion de mayor resolucion,
incorporar procesos de validacion en campo y establecer mecanismos permanentes de
actualizacion de datos hidroldgicos y topograficos. Asimismo, fortalecer las plataformas de
acceso publico e interaccion digital permitira acercar esta informacion no solo a instituciones
técnicas, sino también a comunidades y autoridades locales.

Gracias a este apoyo y al compromiso de las instituciones nacionales, el proyecto piloto no se
limité a un ejercicio académico, sino que sento las bases de una practica replicable y sostenible
en el tiempo. En conjunto, el piloto mostré que la suma de cooperacion internacional, trabajo
interinstitucional y compromiso local puede transformar limitaciones en oportunidades y abrir

el camino hacia una gestion mas resiliente del riesgo de inundaciones en Paraguay.
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8. ANEXOS

8.1. Procedimiento de desarrollo del modelo por iRIC Nays2D_Flood.

En esta seccidn se presenta un paso a paso de los procedimientos necesarios para la
construccion y ejecucion de un modelo de simulacion de inundaciones, utilizando el software
iRIC con el modelo Nays2D Flood en conjunto con el software SIG ArcGIS Pro. Este
procedimiento integra tanto la simulacién hidraulica como el analisis espacial, garantizando la

coherencia entre los insumos, el proceso de modelado y los productos finales.

1.Instalacion del software iRIC y ArcGIS Pro en un equipo gue cumpla con los requisitos
minimos de hardware y sistema operativo.

2.Procesamiento y analisis de datos espaciales en ArcGIS Pro, incluyendo la preparacion de la
cartografia base, la correccion y el recorte del Modelo Digital de Elevacion (DEM), y la
generacion de capas tematicas necesarias para el modelo hidraulico.

3.Definicidn dela grilla de estudio en iRIC e importacion de los datos topograficos.

4.Configuracion de la grilla en Nays2D_Flood, incorporando el caudal de entrada y salida,
junto con parametros hidraulicos y del terreno.

5.Ejecucion de la simulacion en iRIC, generando los resultados hidraulicos que representan la
distribucion espacial de la inundacidén en el area de estudio.

6.Procesamiento de resultados en ArcGIS Pro, donde los datos obtenidos en iRIC se
transforman en mapas de profundidad de la inundacion, permitiendo su analisis espacial y la
representacion cartografica de las zonas afectadas.

7.Validacion del modelo, comparando los mapas generados con registros de campo o

estudios previos, con el fin de evaluar la precision vy la fiabilidad de las simulaciones.

Es importante sefialar que todas las figuras incluidas en esta seccién fueron generadas en el
flujo de trabajo combinado entre iRIC y ArcGIS Pro, lo que asegura la coherencia entre los

procedimientos descritos y los resultados graficos presentados.
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8.1.1. Instalacién del Software iRIC y Nays2D_Flood

8.1.1.1. Requerimientos del sistema:

Para garantizar un rendimiento optimo al utilizar el software iRIC, se recomiendan los
siguientes requisitos del sistema:

o Sistema Operativo: Windows 10 o superior.

o Procesador: CPU de 64 bits con al menos 4 nlcleos.

o Memoria RAM: 8 GB o mas.

o Espacio en Disco Duro: Al menos 2 GB de espacio libre para la instalacién, ademas de
espacio adicional para almacenar proyectos y datos de simulacién.

o Tarjeta Grafica: Compatible con OpenGL 2.0 o superior.

o Resolucion de Pantalla: Minimo de 1280x1024 pixeles.

o Conexion a Internet: Requerida para la descarga del software y actualizaciones.

8.1.1.2. Descarga del programa:

o Para acceder a la pagina web de iRIC, visita el siguiente enlace:

https://i-ric.org/en/about/.

o En la esquina superior derecha, se hace clic en "Sign Up" para crear una nueva cuenta de
usuario.

Rjﬁ‘ WBIG  About IIC  MNews  Events  Sobvers  Forum  (RChot  Videos

e

o Se completa el formulario con los datos, se aceptan los términos y condiciones, y una
vez registrado, se procede con el siguiente paso.

Register

Emall
Organisaticon
Password

Confirm Password

Passwords must be 7 or more characters long and contain both alphabet(s)
and numbser(s).

| 1111

| agree to the Terms and Conditions

—> I

49




o Una vez registrado, se inicia sesion con la cuenta creada para acceder a las opciones de
descarga.

Registration complete, You may now log in

Username or Email Address

—) J0OO000@ M0 .com

Password

Remember Me

o Para descargar el software, se selecciona la ultima versidén disponible de iRIC en la
pagina oficial.

Download

IRIC Versiond.X (e —_

@ IRIC w4 installer Gabit RIC vé is now in the public. 28th, June, 2023
@ IRIC v4 User's Manual RIC v3 User's Manual
@ solver Developer's Manual for IRIC vd Sobver Developer’s Mangal for RIC v

o Antes de continuar con la descarga, se debe leer y aceptar los términos de uso de iRIC.
Una vez aceptados, se podra proceder a seleccionar la ultima version disponible para la
descarga.
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iRIC Terms of Use
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8.1.1.3. Instalacién del software iRIC

o Una vez ejecutado el archivo iRIC_Installer_v4, seleccionar “Next” para continuar con la

instalacion.

iRIC Software v4 Setup

Setup - iRIC Software v4

Welcome to the iRIC Software v4 Setup Wizard.

Settings

Mext

Quit

o Seleccionar la carpeta destino donde desee instalar el software. Si no se requiere

cambios de la ubicacidén predeterminada, continuar haciendo clic en "Next”.

<« iRIC Software v4 Setup

Installation Folder

Please specify the folder where iRIC Software v4 will be installed.

MNext

Browse...

Cancel
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o Sin realizar ninguna modificacion, clic en "Next" para continuar con el proceso de
instalacion.

<« iRIC Software v4 Setup

Select Components

Please select the components you want to install.

v [_] Miniconda 3 Miniconda 3-py312_24.4.0
(] Miniconda 3
(] iriclib for Miniconda 3

> @ RICGUI

> @ Grid Importer plugins

@ Standard Colormaps
> @ Grid Exporter plugins
5 M Grid Gensrators

Select All Deselect All

Cancel

o Aceptar los términos de la licencia seleccionando la opcion correspondiente y luego clic
en "Next" para continuar.

. = iRIC Software v4 Setup

License Agreement

Please read the following license agreement, You must accept the terms contained in this
agreement before continuing with the installation.

MIT License
Copyright (c) 2021 iRIC Organization

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and assodated documentation files (the "Software”), to deal
in the Software without restriction, induding without limitation the rights

to use modify, merge, publish, distribute, sublicense, and/or sell

© 1 accept the license.
() 1do not accept the license.

Next Cancel
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o Clic en "Next” para continuar con la instalacion.

< iRIC Software v4 Setup

Start Menu shortcuts

Select the Start Menu in which you would like to create the program's shortouts. You can also
enter a name to create a new folder,

IRIC v4

Accessibility
Accessories
Administrative Tools
Maintenance
Startup
System Tools

| Windows PowerShell

Concel

o Clic en “Install” para iniciar la instalacion.

< iRIC Software v4 Setup

Ready to Install

Setup is now ready to begin installing iRIC Software v4 on your computer. Installation will use
714,96 MiB of disk space.

Cancel
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o Aguardamos que se complete la instalacion.

iRIC Software v4 Setup

Installing iRIC Software v4

I 2%
Downloading archive ‘0.0, 3LICENSE. 7z.shal’ for component: Standard Colormaps
(0.00 bytes/sec) - unknown time remaining.

Show Details

Insta Cancel
o Clic en “Finish” para terminar el proceso.
iRIC Software v4 Setup
Completing the iRIC Software v4 Wizard
Click Finish to exit the IRIC Software v4 Wizard.
Finish
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8.1.2. Creacion del Proyecto eniRIC
8.1.2.1. Crear proyecto

o |niciar con iRIC.

IRIC v (release)

o Crear un nuevo proyecto: Al abrir el programa iRIC, aparecera una ventana emergente
que ofrece dos opciones: crear un nuevo proyecto seleccionando "Create New Project”
o abrir un proyecto previamente trabajado eligiendo "Open Project File".

li iRIC Start Page ? X

e iRIC

@

Welcome to iRIC!
I I IRIC can simulate rivers from Colorado River to the Nile.
Start Simulation Project ‘ Support
| Create New Project... | l Open Project File...
Recent Solvers: Recent Projects:
[ Gose |

o Se abrird una ventana emergente llamada "Select Solver”, la cual permite seleccionar el
meétodo o algoritmo adecuado para resolver problemas especificos en el software, ya
sea de analisis numeérico, optimizacion o simulacion.

o En el mismo seleccionamos la opcion “Nays2D Flood v5.0 64 bit”, ya que es una
herramienta especializada para la simulacion bidimensional (2D) de inundaciones. Este
emplea principalmente para modelar la propagacion del agua en areas urbanas y rurales,
teniendo en cuenta variables clave como la topografia, las precipitaciones, los caudales
y las caracteristicas del terreno.

o Su funcién principal es predecir como se comportan las aguas durante un evento de
inundacion, lo cual es crucial para la planificacion urbana y la mitigacion de desastres.
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i Select Solver ? X

When you create a new project, you have to select the solver to use for calculation. Please select a solver, and press "OK" button.

EvaTRiP Pro Basic Inf
RIiTER Xsec .
Fomi_flow3_v2023_2_iric4 Name  Nays2D Flood vS.0 64 bit
Mflow_02 iRIC4 verl.1 Version  5.0.240119
Culvert Analysis Program Copyright  Yasuyuld Shimizu
FaSTMECH Release  2024/01/19
CERIID Homepage hitto:/A
Morpho2DH v2.1
DHABSIM 1.2 Description  License
Mays2d+
River2D 1.0
SRM
GELATO

iRIC.4x 1.0 64bit

NaysMini iRIC4.0

Nays2Dv vertical 20 model
nays3Dv 3D Density Flow Solver
NaysDw2(Simple 2D Driftwood Ti
NaysCUBE v4.43.79

Mays1Dp v.1.00.8 64bit vd

Elimo

Slope-Area Computation Prograt

——

o La nueva area de trabajo en iRIC se muestra con una interfaz organizada en varias
secciones clave:
= Barra de herramientas superior: Contiene opciones de importacion, configuracion de
datos geograficos, generacion de mallas y simulaciones.
» Ventana de preprocesamiento (Pre-processing Window): Permite administrar los
datos geogréficos, las condiciones de grilla, la malla y las imagenes de fondo.
» Area principal de trabajo: Espacio donde se visualizaran las simulaciones y analisis.
» Panel de estado inferior: Muestra informacién de escala, angulo y coordenadas.
o A partir de este entorno, se pueden cargar y configurar los datos necesarios para la
simulacién de inundaciones.

s B vk L T uryall T A8 0 ] =T X
File gt A Sevedation L View  Ciptian  bely
CHERS ~~0nE%HZ aa pll /BLAGLE - 0 F
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o Herramientas principales del menu a ser utilizadas:

- A |
H@ES ~ ~ @ iz % % @C D@ [t e O &
°°°®\_ﬁ,=®| ' mmml 1‘ & B B 8cosy O Hogontal © vertcal 8 Transporent o} o %
5] 6

1- Guardar.

2- Ejecutar Simulacion.

3- Ventana de Preprocesador Focus.

4- Abrir nueva ventana de Post-Procesamiento 2D.
5- Play para visualizar simulacion.

6- Temporizador de simulacion.

8.1.3. Importacion de los datos topograficos

8.1.3.1. Descarga de datos para simulacién de inundacion:

o Para la obtencion de los datos que se utilizaran, es descargado del siguiente enlace:
https://drive.google.com/drive/folders/15wO8vHjFoM-VzUOIISENyp1ETPS506tvt?
usp=sharing.

o Se descargan todos los archivos de la carpeta, y se importan los datos del
“DEM_PY_Training01”, al que se le debe especificar el sistema de coordenadas de
“EPSG:32721: WGS 84 zone 215”. Dependiendo de la capacidad de la computadora y
del tamano del DEM, puede tardar algunos momentos en importar los datos.

8.1.3.2. Importar datos:
= Desde el panel de control, se selecciona el elemento “Import”, entre las opciones se
elige “Geographic data” y luego “Elevation”.

li¢. Untitled - iRIC v4 4.1.0.6956 [Nays2D Flood v5.0 64 bit]

File | Import | Geographic Data Grid Measured Values Calculation Condition  Simulation  Calculation Result  View

Geographic Data | | Elevation.. | .
Geographic Data (Elevation from web) » Obstacle...
T Hydraulic Data 4 Krain...
& Grid Creating Condition... Bomber... E’ﬁ
. Grid... Roughness condition...
! Calculation Condition... Areal fraction that buildings occupy(max=0.95)...
Calculation Result... Reference Information...

Measured Values...
Background Image...

Visualization/Graph Settings...
T B8 7 Roughness condition

[ ] Avasl Erardine that besilols

Este proceso permite cargar el Modelo Digital de Elevacion (DEM), que servira como referencia
para representar con precision la topografia del terreno. Esto es fundamental para definir las
condiciones iniciales y de contorno en las simulaciones, asegurando resultados mas realistas y
precisos.
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o Se selecciona el archivo DEM_PY_ TrainingOltif, una vez abierto se pulsa OK a la
ventana emergente que aparecera.

li. Select file to import X
T <« DataForHomework-20241128T10... » DataForHomework & Buscar en DataForHomework 0O
Organizar Nueva carpeta =+ [ 0
> @ OneDrive - Persi Nombre Fecha de modificacion Tipo Tamafio

v hace mucho tiempo

_.\. P 0 .
@ Escitorio 2 %] DEM_PY_Training02 28/11/2024 07:44 Archivo TIF 206.142 KB
[8] DEM_PY _Training02_25m 28/11/2024 07:44 Archivo TIF 51,557 KB
& Descargas # _
(8] DEM_PY_Training02_50m 28/11/2024 07-44 Archive TIF 12,892 KB
 Documentos # =
I!;'g DEM_PY_Training01 | 28/11/2024 07:44 Archivo TIF 83.635KB
B imigenes  # [8) DEM_PY_Training01_25m 28/11/2024 07:44 Archivo TIF 20.923 KB
O Musica » 8] DEM_PY_Training01_50m 28/11/2024 07:44 Archivo TIF 5.236 KB
3 videos & %) DEM_PY_Training01_100m 28/11/2024 07:44 Archivo TIF 1,308 KB
Capturas de | # (5] DEM_PY_Training02_100m 28/11/2024 07:44 Archivo TIF 3.229KB
Q- PY_dummy_Hydro_3118m3s_24hr 28/11/2024 07:44 Archivo de valores... 1KB
Escaneos
Nombre: | DEM_PY_Training02 | Allimportable files (“.tpo *.csv
4 - -
" Information X

To import the geographic data, specify coordinate system for the project first.

OK

59




o Se especifica el sistema de coordenadas a “EPSG:32721: WGS 84 zone 215",

fi. Select Coordinate System ? X

Search: 21s

{Not Specified)

EPSG:5357: MARGEN / UTM zone 215

EPSG:5382: SIRGAS-ROU98 / UTM zone 215
EPSG:5531: SAD69(96) / UTM zone 215

EPSG:5536: Corrego Alegre 1961 / UTM zone 215
EPSG:22521: Corrego Alegre 1970-72 / UTM zone 215
EPSG:24881: PSADS6 / UTM zone 215

EP5G:29181: SAD69 / UTM zone 215 (deprecated)
EPSG:29191: SADSY / UTM zone 215

EPSG:29221; Sapper Hill 1943 / UTM zone 215
EP5G:31981: SIRGAS 2000 / UTM zone 215
EPSG:31996: SIRGAS 1995 / UTM zone 215
EPSG:32321: WGS 72 / UTM zone 215

EPS5G:32521: WGS 72BE / UTM zone 215
[EPSG:32721: WGS 847 UTM zone 215 |

o Dependiendo de la capacidad de la computadora y del tamano del DEM, puede tardar
algunos momentos en importar los datos. El mismo se visualizara de la siguiente manera:

Urtied I +4 10,0958 [Naapal) Floced +5.0 64 8] = 0 x

e impedt Comgupha Sats S Semlaton. € Viaw g Mg
HEBS ~~Q L %EFZ0a bl /BLALE-L0 06

T 45 B S O 0w
£ ..__._...,.., ,

T

60




o Primero, se activa el mapa base de “OpenStreetMap” o en su defecto “Google Maps”,
ya que servird como referencia para definir con precisidon los puntos de "Upstream" y

"Downstream” en la simulacion.

B Ursstied - 300 w6 41288400 [Nepa2D Fioed 3.0 6 bt - [Pre-procesumg Wendes |
F Fie impot GesgraphecDats Gnd  Mesnred Velom  Ciltulston Condtion  Gmubsbon  Colnuton el View

HERS «~ ~ Q I'.lx
T L B Goewc

Cpten
“WihH QA pB B4 LE

g W ven

vy

B e

7 Eraghnem condtan
7 At Practen it Sustbog
Raterence =dprnatior.

Gnd Crestmg Congitian - - C—
Bewrdar, Condeen Lemng
G [ D]

Mlastared Vabses
Background magn

Bach greund images Drterned |
11 Googe Mugs

O 17 Google ftremts

17 Googhe Setetiag

11 Googie Satalite Hybed o
T [% Googhe heasi -
1% Goc

| Cvatame o Mesron
7 Lege

[Scsie 1 7 117240

I
% o &
—— /
/ ArToyos ¥
e Fateros
\-Ih.l'u)ﬂ j
F 4 ﬁ_.'_/
+ { " 3 Embosrida
: Limpio
ano Rogue
Alonso
: {UQUQ Akos Tobhat
Atyrd
Aregu n Bernarding
-
SanlLarenzo.
; o Elevation
X 22 J-|..;|.|- 26;3’.?3‘
Nemby S, 21000
Juldn Augusio .
Salekemr . 9
f Gosaramibare g E
Villeta T
i~ [Saeiiiians [Ca0dinee [V omimesser

8.1.4. Creacion de cuadricula de calculo

8.1.4.1. Creacidén de Grilla

« Desde el panel de control, se selecciona el
elemento “Grid”, que hace referencia a las
cuadriculas de calculo. Se elige “Select
algorithm to Create Grid” para seleccionar
el algoritmo adecuado para crear una malla
o cuadricula.

o Se abrira una ventana emergente para
seleccionar el tipo de algoritmo para la
creacién de las cuadriculas, el cual se
elegirad “Create grid from polygonal line
and width” que permitira establecer el

“Upstream/Downstream” para la
simulacién.
[W- Select Grid Creating Algosihm T =
gorithe! Description:
fi Frat, ppase defire polvgonal ine, by mouse cidang. The

i ine o used T center bne of e grd. Ther, you

Creste grid from cross-section data
define e wadth, dvison number of grd n [ drecbon and 1

Creste geid by dending rectangulas region

Creste grind by dnhing rectangules iegeon (Longdud
Creste compound chanmel grid

Creste grid shape sehang Poisson equation
General purpose gnd generstion toal

wibape gnd geneiates for NS

d arc grid generator

2d aec grid generator (Compound Chamnel)

Gnd Generator for NaysIDv

Gnd Generater for NaysiDv

Mhultsfunctson Gal Geravates

Sample Strasght and Meandering Channel Crestor
U-shape channel generstor

61




o Aparecera una ventana emergente con instrucciones sobre como definir la linea central
de la malla como una linea poligonal, utilizando clics del mouse. Para finalizar la
definicion, se debe hacer doble clic o presionar la tecla Enter. Se hace clic en “OK" para
continuar.

¥ Information ? X

Please define grid center line. Grid center line can be defined as polygonal line by
mouse-clicking. Finish definining by double dicking, or pressing return key.

[_] Do not show this message again.

o Es importante mencionar que el area de trabajo puede ampliarse maximizando la
ventana de Pre-procesamiento, lo que facilita una mejor visualizacion y manipulacion de

los datos. -E

o Para definir el punto de inicio, se indica con un solo clic en la ubicacion correspondiente
al (1) "Upstream”. Luego, para establecer el (2) "Downstream”, realiza un doble clic en el
punto final. Si se desea alejar o acercar el maps se debe presionar Control mientras se
mueve la rueda del mouse. Esta seleccidon se realiza para sefalar el inicio y final del flujo
de agua que se desea simular con el software.

Yx ""f "".-\ @ G) ’. ..rm /:D .lu! O 0

Limpio

| : = _ - o i
AR = 3
Clorndafs 13
ANEL - - ¢ il fr . “
€5 b Bavation
py b - i : - 2&!_‘.:]
21000

B 15200
9400

. 3600

{ LG
Ll O]

¥ [ €% (Mot Spaciind)
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o Una vez establecido los puntos, se desplegara la ventana emergente de “Grid Creation”
para establecer los valores de ancho y largo de las cuadriculas, donde:

= nl (Numero de Celdas Longitudinales): introduce el nimero deseado de celdas en la
direccién longitudinal. Un mayor numero de celdas aumentara la precisién pero
también el tiempo de calculo.

= nJ (Numero de Celdas Transversales): introduce el nimero deseado de celdas en la
direccion transversal.

= d| (Distancia Longitudinal de la Celda): especifica la longitud de cada celda en la
direccion longitudinal.

= dJ (Distancia Transversal de la Celda): especifica el ancho de cada celda en la
direccion transversal.

= W: es el ancho de las celdas en la direccion transversal (eje J).

/* Grid Creation ? b'4

n

n | ho = dr [17m43: m
nJg | 10 :| dy I; m
W | 10,000 [+ m
Cancelar Apicar

o Para la practica, se analizan las distintas resoluciones de creacion de la malla, las cuales
pueden ajustarse segun las necesidades del operador. En cada caso, se observa que, a
medida que se incrementa la resolucion de la cuadricula, también aumenta la cantidad
de celdas dentro del area definida.

8.1.4.2. Configuracién de datos para simulaciones de inundaciones por cuenca y precipitaciéon

o En esta seccion, se presentaran tres ejemplos de resolucion de grilla para simulaciones
de inundaciones considerando diferentes configuraciones. Cada caso mostrara como
varia la precision del modelo segun la densidad de la grilla establecida por el operador.
A medida que se incrementa la resolucién, el numero de celdas dentro del area de
estudio aumenta, permitiendo una mayor precision en la representacion del flujo de
agua vy la topografia del terreno.
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o Casol

= Configuracion de la grilla y valor de ancho vy largo de las cuadriculas.

* Grid Creation ? X

n
nr | 10 [ dr [171431 m
ng | 10 | dy. | 1000 m
W | 100004000 3| m

Cancelar Aplicar

= “Si” para la asighacion de atributos.

L4

o Do you want to map geographic data to grid attributes now?

Si No

= Se observan la resolucion de la grilla que varia segun la configuracion del operador.

[ l.__lmplo
y
\‘:j o
2 riano Roque
,}'hl José Falcon |onm
l..’ .,
) +
7 o ol
o «I'|

Hevation
— 268100

21000
B 15200
9400

San Lorenzo
o Cap ata

. Nermnby It4
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o Caso?2

de la grilla y los valor de ancho y largo de las cuadriculas.

Configuracion

* Grid Creation

nr
nJ:

| m

-
-

10000,000

Cancelar Aplicar

Create Grid

de atributos.

ignacion

“Si” para la as

Do you want to map geographic data to grid attributes now?

No

S

del operador.

iguracion

la conf

la segun

Se observan la resolucion de la grilla que vari

PITroLs

Mariano Roque

José Falcon
PY0R |
Lo

Hevartion
— 268100

210,00
B 15200

2400
3600

i ]

Cap a

yon [oreni

San Lorenzo

Villa Elisa

It
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o Caso 3

» Configuracién de la grilla y los valor de ancho y largo de las cuadriculas.

* Grid Creation ? X

My
nr | 100 2| dr [ m
nJ: ‘ 50 (% ] dy: |200 m

W | 10000,000 (3] m

[cemsa] [ oo | [ ok

= “Si” para la asignacion de atributos.

o Do you want to map geographic data to grid attributes now?

Si No

= Se observan la resolucién de la grilla que varia segun la configuracién del ocperador.

Limpio

Bevation
e 268.00

21000
‘ 152.00

9400

3600

Ca‘p ata
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o Caso 4

= Configuracion de la grilla y establecemos los valor de ancho y largo de las
cuadriculas.

p * Grid Creation

n | 200 2] dr [ss.3362 m
ng | 100| /2] dy [0 m

W: [ 10000,000 3| m

Create Grid Cancelar Aplicar

= “Si"” para la asignacion de atributos.

o Do you want to map geographic data to grid attributes now?

Si No

= Se observan la resolucién de la grilla que varia segun la configuracién del operador.

£=
& Limpio
= 3 /
n >
v > : B
Ef arianc Roque
osé Falcon - )
] ] areslonso
i)
< .
& Pros .
Y allu
- Luque A
%3 A
Cloring.
Bavetion
268,00
21000
3 S3nkorenzo X B 15200
Cap ata .9493
. Villa Elisa 3600
N £
e Nernby It
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8.1.5. El Hidrograma

Representa la variacion temporal del caudal o nivel del agua, se obtiene a partir de mediciones
de campo o mediante modelos hidrologicos de escorrentia. En el caso del Rio Paraguay, su
extensa cuenca fluvial hace que el calculo de la escorrentia en puntos especificos sea un
desafio, debido a la complejidad de los procesos hidrolégicos que intervienen en su dinamica.

En este entrenamiento, se emplea un hidrograma modelo elaborado por el equipo de

CTI Engineering International, con el objetivo de facilitar el aprendizaje.

8.1.5.1. Obtencién de los datos
o Para la obtencién de los datos que se utilizaran se obtienen en el siguiente link:
https://drive.google.com/drive/folders/15wO8vHjFoM-VzUOIISFNypl1ETP506tvt?
usp=sharing
o El archivo debe estar en formato CSV.

8.1.5.2. Iniciar configuracién del Caudal
Para la simulacion se utilizara la grilla del Caso 4.

o Para incorporar los datos de entrada en el modelo, dirijase al panel de contenido del
area de trabajo. Luego, se selecciona la opcién “Boundary Condition Setting” con el clic
derecho o secundario y selecciona “Add Inflow” para afadir el caudal de entrada a la
simulacion.

* File Import GeographicData Grid Measured Values Cal

HEES -~ ~ @ txx Yx
ik 3

Object Browser x
P & [ ) Geographic Data .
n v &4 Elevation

%) " Raster Datal

%] Obstacle
E! KLramn
%] Bomber
Roughness condition
(%) Areal fraction that buildings ...
7] Reference Information
B4 [ Grid Creating Condition

T Boundary Condifion Satine

v A0 Gid(11x11=1 Add Infiow |]
B [ Grid shape Add BoxCubvert

O MNode attribu Add Gate
[0 5 Cell attribute Add Pump
) Boundary Cc
%] Measured Values
B4 v Background Ima
~ Background Images (Internet)
]
Geogle Maps

Delete Selected..
Delete All...

-l

Google Strests

Google Satellite
Google Satellite Hybnid
Geogle Roads

sy

s

™

O00000

Geogle Terrain
W Open Street Map

[ [ Axes

Distance Measures

[ tege
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o Una vez creado "New Inflow", este aparecera en la tabla de contenidos. Para definirlo,
nos dirigimos al area de trabajo y selecciona, mediante clics, los vértices que delimitaran
el area de ingreso del flujo del rio. Para finalizar el trazado, se realiza un doble clic.

Es importante que la mitad del trazado quede dentro de los cuadros de la malla y la otra mitad
fuera, asegurando una correcta representacién del flujo. Luego de definir el drea, aparecera una
ventana emergente donde se configuran las condiciones de limite “Boundary Condition”, tal
como se muestra en la siguiente imagen:

Boundary Condition

Infion AT
G A

Name: Hydro_Solo_Caso- % W%}?
Setting 7 :f/g.‘f@':/f?//ﬁ//

7
Sy
B
A
i
o 4,// e

Fra
I

2, ’,-,-/ %,
//J%/;%

/ ff/’/;'f
Drscharge bme senes 7 %

coo: [

Tl
i
i zﬁy%%%
T
A
i ),
A
A
Wy

///,? %,,{ T,

e Al ites

o En la ventana emergente se le asigna el nhombre, en este caso se le asigné el nombre
Hydro_Solo_Caso4, es solo ya que no se le agregd obstaculos. Seguidamente,
cambiamos el valor del item "Slope value at inflow" a 0.0012, luego nos dirigimos a el
Boton de “Edit”.

Es importante aclarar que el valor de "Slope value at inflow" de 0.0012, fue proveido por el

equipo de CTI Engineering International luego que fuera estimado la pendiente del lecho del
rio.

o A la siguiente ventana emergente le damos “Aceptar”.

* Information ? X

o You can copy and paste the values, with shortcut "Ctrl + C* and "Ctrl + V*

[] Do not show this message again.
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o Seguidamente, se abrira otra ventana "Discharge Time Series"”, donde se deben ingresar
los valores de caudal en funcidén del tiempo. Para ello, se pueden agregar datos
manualmente con el botén "Add", pero en este caso se importa un archivo con valores
predefinidos mediante "Import”, los datos se pueden limpiar la lista con "Clear”. En el
grafico de la derecha, se visualizara la serie temporal del caudal una vez que se hayan
ingresado los datos. Finalmente, se confirma la configuracién presionando "Aceptar".

* Drscharge time senes ? x
Time Discharge{mi/s) 1.000 9
800 <
o -
2
IE 600 4
£ 4
L]
o .
5 J
G 400
Fal 4
200 4
u -
AL 0 VT A S A R 200, |
0 400 600 800 1.000
Add emove Time
o | | o e

o Se selecciona el archivo con extension .csv, utilizando los datos previamente
descargados y proporcionados por la JICA “PY_model_Hydro_May1983”.

i Choose a text file X
+ » Esteequipo » Descargas » DatsForHomework v B o & taFork ework D

Organizar « Nueva carpeta - = ™ o

quiich_L4 o

Veranada ] _— =

d d d

B8 Este equipo m i m ey i
& Descargas

B Decurneiios PY_dumery_Hydr PY_model_Hydro PY_model_Hyeto
0_3118m3s_24hr _May1383 Dect597
B Escritorio

= Imigenes
D Musica
3 Objetos 30
B videos
o Disco local (C:)
¥ Red s
Nombre: | PY_model_Hydro_May1583 | Tt files (".csv *.t) e

Abtit Cancelar
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o Se muestra la siguiente visualizacion. Para continuar, clic en "Aceptar” lleva a la ventana
anterior y finaliza la configuracion con el boton “OK*.

/7 Discharge time series ? X
Time Discharge 12.000 __
1 1 9707 1
i (2 9721 J
11.500
3 |3 9735 4l
4 4 9748 - -
‘?‘ -
5 5 9762 lg 11.000
6 6 9776 E 1
T |7 9790 B i
g 8 9803 "E-” 10.500 —.
o ;
9 9 9817
10 10 9831 =
10.000 —
nn 9844 1
12 1 9858 41
13 13 9872 v 9.500 -
< > UL REEAA ANEY ARAT BELAE RALERD RIS MEARS
i i 0 100 200 300 400 500 600 700 @800
Add Remove Time
Bt | [ Concsr

8.1.5.3. Condiciones de Calculo

o En el Menu de herramientas acceder a “Calculation Condition”.

* File Import Geographic Data Grid Mea‘.ured‘;'eluul CelculahonCondmonI Simulstion  Calculation Result  View Option  Help
HEES ~~ QL %A% QA pB /BLGLm-=2a 06
tii e

o En la siguiente ventana, se modifica segun lo indicado en las imagenes a continuacion:

B Caleulation Condition ? %
Groups
| Tme unitof dscharge/mater surfoce fie [pos 41

:::I Water Surface | Boundary Conditions for j=1 Outfow 5

Others Boundary Conditions for j=n) Outflow v
\Water surface at downstream Free outflow ot
Constant value (m)
Stage at downstréam time series Ediit
Rainfal without e
Rainfall time series(mm/h) Edit
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i Calculation Condition 7 X

Groups
Inflow/Qutflow Boundary Conditio... Quttput time interval (sec) 600
Initial Water Surface c o time $18p (560) l > I
Others Start time of cutput (sec) L )
Start time of bomber (sec) a
Renscializar Aceptar Cancelar
I Calculation Condition ? '
Groups
Inflew/Outflow Boundary Conditions Finite differential methed of advection terms
I;‘ dtial Waster Surface Maamum rumber of iterations of water surface caladaton 0=
ime
]| Relaxation coefficent for water surface caladaton 0.8
Mremum wiater depth 0.01

A for eddy viscosity coeffioent (lfu™h x A +B) 1
B for eddy viscosty coefficent (kSuh x A +8) 0

Number of threads for paralle computation (Only muls core PC) 1=

Trundation of bulkdngs Disabled
Model parameter for flow resstance by buldngs 0.333
How to caloulate gamma gam_x=gam_y=1-scrt{1-gam_v)

e |

Se modificd la unidad de tiempo de descarga de segundos a horas. Se definié un paso de
tiempo (time step) de simulacion de 2 segundos.

En la seccidon "Finite Differential Method of Advection Terms", donde el modelo emplea un
esquema de diferencias finitas para aproximar los términos de adveccion en las ecuaciones
diferenciales del flujo, se selecciond el "Upwind Scheme” (esquema a favor del viento o de flujo
ascendente). Este meétodo numeérico mejora la estabilidad de la simulacion al considerar la
direccion del flujo en el calculo de los valores de cada punto de la malla. Su uso es
especialmente util para evitar oscilaciones no fisicas y es ampliamente empleado en modelos
hidrodinamicos y de transporte de contaminantes.

Se recomienda utilizar una resolucion mas alta para obtener resultados mas detallados, aunque
esto puede aumentar el tiempo de calculo.

El resto de la configuracion se mantiene en su estado predeterminado.
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8.1.5.4. Correr la simulacion

o Nos dirigimos a la barra de herramientas principal a damos clic en “Run” ..

o
Fie  lrgont  Cesgraphe Dats Gt Massaed Valonr  Calculaton Condten  Semuditen L oo Bauat C

HEES -~ Q = %4 % QAN *Bhbhm- o0 8
tii @

Urtstledt - 3C 8 L1280 [NapalD Floed +3.0 & ] - [Pre-precevung Wandow|

o Continuamos con “SI"” y luego “Aceptar”.

/* Warning

X

Boundary Condition Setting "Hydro_solo_Caso1" is not mapped after it is edited
- last time. Do you want to execute mapping now?

Si I No I Cancelar

¥ Informatien X

o Mapping geographic data, boundary condition finished successfully.

Aceptar
o En la barra de herramientas clic en “Run".
|
o “Aceptar” para continuar.
M Warning ? X

Please make sure:

* If calculation result already exists, it will be deleted.
* The project will be saved.

Are you sure it is OK?

Aceptar Cancelar

o “Aceptar para continuar” con la primera opcién para guardar el proyecto.

li. Select How to Save Project 7 »

Please select how to save project from the followings:
(®) Save as File (*.ipro)

l:::l Save as Project

Aceptar Cancelar
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o Se se asigna un nombre al proyecto y el directorio donde sera guardado.

W SaveiRIC project file %

T+ » Esteequipo » Descargas » DataForHomework v

Organizar v Nueva carpeta E v (2]
Veranada (o>

Bl Este equipo
& Descargas
%| Decumentos
B Escritonio
= Imagenes
J" Musica
J Objetos 3D
‘ Videos

ie Disco local (C:)
v

Nomblzl Hyeto_Solo_Caso| i
Tipo: |iRIC project file (“.ipro) =

~ Ocultar carpetas Cancelar

o Una vez finalizado el calculo de las condiciones, confirmar l|la configuracion
seleccionando “OK”.

.,) "’T .-'\ *) ( ’. v-r“,’-‘n-. O

i

0. 0.9
2. L
2. 0.
0. 0.
9. 0.
0. 0.
o, 0.
9. o,
. Q.
o, o
0. 0.0
0. 0.
. 0.
@ 2.0
e, 0.0
0.0000 0.
00000 0.
2.0000 0.
2.0000 o.
0.0000 0.
00000 O,
0.0000 0.
00000 2.
S.0000 0. -
LN 2.
@, 0000 0.0
00000 0.
0.0000 0.0
2,000 L
2.000 0.
00000 Oy
0.0000 0.
00900 0.
P.0000 0.0
9.0000 0.
©.0000 0.
0.0000 o
L0000 0.
0.0 0.
S.0000 o
2.0009 0.0
T.0000 0.0
00800 0.
00000 0.
0.0000 0.
BN Q.
@.0000 0.
©.0000 Q.
&.0000 LB
D000 9.
2.0000 0.0
e,
min.
|

ale: Angle S ) 4 PR e Y
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o En barra de herramientas principal clic en la primera opcién de visualizacién en 2D.

HEES -~ ~ O

i @O pB. .-m,adrao-ﬁl.'—‘-.:""“ O 6

o Activar nuevamente el mapa base
“Open Street Map” en Background
Images (Internet) vy la capa “Depth
(Max)” en iRICZone > Calculation
Result, ambas ubicadas en la tabla
de contenidos.

h Hydro_Solo_Casol.ipro - iRIC w4 4.1,0.6956 [Nays2
'u File Import Draw Measured Data Calculal
HEES -~ ~ Q]
QQOQQQWCJ
Object Browser
: & v 8 Nays2D Flood v5.0 64 bit Grids
| > O Geographic Data
r v 8 iRICZone
% > O Input Gnd
v 8 Calculation Result
(- " Grid shape
v 8 Scalar
E [ Oeptn(via] |
] Depth
J:J L] Y Elevation
(O [ waterSurfaceElev...
(O [ Velocity (magnit...
0O [ .C
0O [ velocity(ms-1) (...
> B Graph
v 8 Arrows
O [ velocity(ms-1)
v 8 Streamlines
0O [ velocity(ms-1)
v 8 Particles (auto)
O [ velocity(ms-1)
8 ) Label
[~] Measured Values
e Background Images
v @ ' Background Images (Intemet)
(1 [ Google Maps
O _\ Goaogle Streets
(1 [ Google Satellite
Ol Gaagle Satellite Hybrid
Ol Gacgle Reoads
(1 [ Google Terrain
I! r'T Open Street Map I
8 ) Title
@[ Time
[ ] : Axes
[ -] Distance Measures
L: Logo

o Realizar las configuraciones finales para

la visualizacion,

a traves de

“Depth

(MAX)” haciendo clic derecho, Property.

ag e mpe

(14 M )

B'J
| IRy

w

»

HJoeee

objtﬁ Browser
A

il Hydro_Solo_Casol.ipro - iRIC vd 4.1.0.6956 [Nays2

Measured Data

H0¢®m~O

QS®Q

Nays2D Flood v3.0 64 bit Grids
Geographic Data
iRICZone

O Input Grid

@ | Calculation Result
@ [ Grid shape

v @ Scalar

o L) Depth(M
) [ Depth
O [ Etevation
= ] [ WaterSus
oD Velocity{
O [ .c
I

1
Show Attribute Browser

Move up

Move down

Delete...

P'w

] Velocity(
> Guph m_

- . Arrows
5B Velocity(ms-1)
L | Streamlines
) _'\ Velocity(ms-1)
L | Particles (auto)
C) [ velocity(ms-1)
8 [ Label
Measured Values
Background Images
Background Images (Internet)
[ \ Google Maps
\_ Google Streets
“ Google Satellite
) Google Satellite Hybrid
\ Google Roads
b Google Terrsin
" Open Street Map

| Title
\ Time
| Axes

Distance Measures

Lege
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o Seguidamente,

configuraciones:
Desmarcar“Automatic” en Value Range.
Modificar el valor “Min” en Value Range a 0.02.
Desmarcar “Fill Lower Area”.
Ingresar a “Switch to Discrete Mode”.

se abre una ventana emergente

donde se realiza

las siguientes

',. Scalar Setting (Depth{Max])
Color Range
Relationship between vakies and colirs: Value Range Color Bar Sattng
pmmw‘ achust based on value range B Vet
) Setup Manually Max: 10.83950268 Owecton:
| | () Herizontal © Vertedl
Colors Tiske
Value Color Add Tite = Depth(Max)
1 10.83550168 - Remove rentseingt  Century Gothic 14 pt  set.
2 8.134626261 r—— oty
3 5429750841 - B b et e
o e Change fum, Colors Number of labels: 0 Aute -
- b - rentseng  Century Gothic 14 pt
Color
Tithe: -
|
7 = ¥ =
18 Oraw bocder
Size and Positon
Pesition Distarce fromeght 000 2
_5' 2 O gtance fombottom 10,00 3 %
= o Omwss
Width: 300 =
Heght: 200 : P
Bar Width Abgrment
i lower ares [ £ woper area Jaute 30 3 px J Left © Center () Right
Impeet.., Export
Crawe contour Ines  Line width: : px O Use values of colormap () Specify division number
O Fant O Ponts PontSze: & & [ Transparent ' 0 %
o | Cancd

En la ventana emergente de “Switch to Discrete Mode”, se realiza las siguientes

modificaciones:

* Ajustar “Value decimal places” a 2.
» Asignar el valor 10 en “Number of colors”.
« Confirmar los cambios presionando OK y luego nuevamente OK.
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Fa Switch to Discrete Mode Dialog ? X
Min value Max value Color

1 976 10,84 -

2 868 976 IIIII

3 759 8,68

4 651 7,59

5 543 6,51 -

6 435 543 -

7 1327 4,35

g 218 327 -

g 11 218

10 0,02 11

Value Rangs Options

Max: 10.83950168 | value decimal places: 2 :

Min:  0.02 Log scale: [[] Enabled
| Number of colors: [l <

Conce

La simulacion se visualiza de la siguiente manera:
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Esta imagen muestra la superposicion de un modelo de simulacién de inundacién sobre una
parte de Asuncion y el rio Paraguay. La malla representa diferentes profundidades de agua
mediante una escala de colores, donde el rojo oscuro indica las mayores profundidades (hasta
10.84 m), seguido por tonos naranja y amarillo para niveles intermedios (6-9 m). Las zonas en
verde y azul corresponden a areas con menor acumulacién de agua (menos de 3 m), mientras
que los tonos morado y celeste sugieren areas sin inundacion o con escasa acumulacion. Se
observa que la mayor concentracion de agua se encuentra en la zona central del modelo, lo
gue indica posibles areas bajas y propensas a inundaciones. La simulacion sigue el cauce del rio
Paraguay, lo que sugiere gque representa un evento de crecida del rio en esta region.

= Para visualizar el curso de la inundacion en la simulacion, primero se accede a la
barra de herramientas de operaciones, luego se ajusta el temporizador a 0 v,

finalmente clic en "Play” para iniciar la simulacion.

HEES -~ ~Q Iulx YA % QA pB "BLGLm=2 O 6

':" Oml T & I Bl 8®cioexr O Hozontal © verscal (8 Transparent | 0 5%

= De esta manera, se puede observar la evolucion de la inundacion a lo largo del

tiempo en la simulacion.

Aok, ' F- st (=] S Aot [a] g
inmaciaia . & Inmaciiladie . gy inmacidada &
s 3 il ! ; N

./'

T Fempndo
=) de la Mora

Femanda

. Femando z \-\\-‘j\
s de la Mora S de la Mora RS

San Ramon

9 e 4 | R
/./A&u Faicen c //_ P i grica o é%uhlcnn
_\? /Eo’ Asuncion R,_\
- Wl 2 /'. ; y s Gn 0/. E " ?’_} 7 S
T o, vl f g v Islm_m-._/"gr;| // !
v, st 5 |k k"
- T A

' Fémando
" de la Mora

Fémando 0 Femando
de la Mora . WY de la Mora
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= Segun los resultados y las comparaciones obtenidas, se deben realizar ajustes en las
condiciones de entrada, la malla o el modelo para mejorar la precision de la
simulacion, si es necesario.

= Para representar la simulacién en un mapa, se exporta en formato Shape (.shp) y se
descarga el archivo correspondiente.

i Hydro_Solo_Casod.ipro - iRIC w4 4.1.0.6956 [Nays2D Flood v5.0 64 bit] - [Post-processing (2D): 2]
R Import  Draw  Measured Data  Calculstion Condition  Simulation  Ammation  Calculation Result  View  Option  Help
©  NewProject... CtrieN ZX ® 06 > . | rzn ,zl 'm v
Open... Ctl+0 :
{H save Ctrls$ T4 (&
Save As File(*.ipro)...
Save As Project... (2
r B Propeny.. Espinilla
3 (3 Reload CGNS file..
W seve Snapshot... Club Paraguayo °
[ Copy Snapshot to Clipboard CtrisC de Tiro Practico N4
s Continuous Snapshot / Movie / Google Earth Export...
- IrnEort ¥ =
I -~ Bport ’I Geographic Data r
Grid Creating Condition... SanR|
Recent Projects g
Gnd.. Puente a"Cha
Show iRIC Start Page... Calculation Condition... #¥ Nana
Exit Solver Console Log... h ; _
-1 T AW T Calculation Result... .&se Falcon
O [ velecity(ms-1) | Contour Figure as ESRI Shapefiles... |
v @ I Streamlines Particles...
wml .
U Velocity(ms-1) Google Earth KMZ for street view
va p:mdﬁ \mitn) {¢) Visualzation/Graph Settings...
| | Velocity{ms-1)
8 [ Label Clorinda
. Measured Values {86 ] i

= Se define la carpeta de destino y el nombre al archivo, dejando el resto de los datos
con los valores predeterminados. Luego, en la carpeta de descarga, se selecciona el
ultimo archivo .shp para proceder con el procesamiento del mapa en ArcGlS.

li”. Export contour figure to ESRIS... 7 X
Output folder: 1104400Z-001\DataForHomework
Prefix: Result_1

Time

a All timesteps

Start: 1 * |Dsec

End: 63 - |[37200sec

Skip rate :

Cancel
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8.1.6. El Hietograma

Representa la variacion temporal de la intensidad de la precipitacion en una determinada area
y periodo de tiempo. Se obtiene a partir de datos de estaciones pluviométricas o modelos
hidrolégicos que simulan la distribucién de la lluvia. En el caso del rio Paraguay, el analisis del
hietograma es fundamental para comprender los eventos de precipitacién que contribuyen a la
escorrentia y, en consecuencia, a la dinamica de caudales del rio. Dada la variabilidad climatica
y la extension de su cuenca, la estimacion precisa de la lluvia es un reto clave en la
modelizacion hidrologica.

En este entrenamiento, se emplea un hietograma modelo elaborado por el equipo de CTl y
consultores de JICA, con el objetivo de facilitar el aprendizaje y la familiarizacion con

Nays2D_Flood.

8.1.6.1. Obtencidn de datos
Para la obtencion de los datos que se utilizardn se obtienen en el siguiente link:

https://drive.google.com/drive/folders/15wO8vHjFoM-VzUOIISFNyp1ETP506tvt?
usp=drive_link. El archivo debe estar en formato CSV.

o Para la simulacion se utilizara la grilla del Caso 4 nuevamente. Iniciando con un proyecto
nuevo.

8.1.6.2. Configuracién del Caudal

Para incorporar los datos de entrada en el modelo, dirigete al panel de contenido del area de
trabajo. Luego, selecciona la opcion “Boundary Condition Setting” con el clic derecho o
secundario y selecciona “Add Inflow” para afadir el caudal de entrada a la simulacion.

File Import Geogrephic Data Gnd Measured Values  Cal

HEES -~ ~ Q v %

T4d7 B
Object Browser x
. & v A B0 Geographic Data
a' v 4 Flevation

EA | Raster Datal

%) Obstacle

M Xrain

B4 B9 Bomber

%] Roughness condtion

B4 B0 Areal fraction that buildings ...

B4 ' Reference Information

EA [ Grid Creating Condition
E! [0 Boundary ConditianSattina 1
v Gid(MxN=1 Add Inflow

%) Y Geid shape Add BoxCulvert

O Nede attribu Add Gate

[ B Celt attribute Add Pump

M Boundary Cc
Measured Values 5 Delete Selected..
Background ima " Delete All..

— —————
Background images (Internet)

»
Google Maps
Google Streets
Google Sateliite
Google Satellite Hybnd

Google Roads

s

’

’

’

Google Terrain
h| Open Street Map
Axes

Distance Measures
Lego
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o Una vez creado "New Inflow"”, este aparecera en la tabla de contenidos. Para definirlo,
en el area de trabajo selecciona mediante clics, los vértices que delimitaran el area de
ingreso del flujo del rio. Para finalizar el trazado se utiliza un doble clic. Es importante
que la mitad del trazado quede dentro de los cuadros de la malla y la otra mitad fuera,
asegurando una correcta representacion del flujo. Luego de definir el area, aparecera
una ventana emergente donde se configuran las condiciones de limite “Boundary
Condition”, tal como se muestra en la siguiente imagen:

* Boundary Condition

Type: Inflow
Name: Hyeto_obstaculo_Caso4
Setting
Discharge time series

Slope value at inflow 0.0012
Color: -

8 Transparent '

Line Width: 7 +
& show name G

/ / /) ’f/
’/,z;:?'w My 7

” A
%, Y 49’
i 7 ,;/”4;;%

W, //
7
iy ‘%@ %

//fﬂ'../l,

o En la ventana emergente se le asigna un nombre, en este caso se le asignd el nombre
Hyeto_obstaculo_Caso4, obstaculo hace referencia a que la simulacion tiene obstaculos.
Seguidamente, cambiamos el valor del item "Slope value at inflow"” a 0.0012, luego se
ingresa en el Boton de “Edit”.

o A l|a siguiente ventana emergente le damos “Aceptar”.

* Information ? X

o You can copy and paste the values, with shortcut "Ctrl + C"and "Ctrl +V*

[] Do not show this message again.
Aceptar
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o Seguidamente, se abrira otra ventana "Discharge Time Series"”, donde se deben ingresar
los valores de caudal en funcion del tiempo. Para ello, se pueden agregar datos
manualmente con el botéon "Add"”, pero en este caso se importa un archivo con valores
predefinidos mediante "Import”, los datos se pueden limpiar la lista con "Clear"”. En el
grafico de la derecha, se visualizara la serie temporal del caudal una vez que se hayan
ingresado los datos. Finalmente, se confirma la configuracion presionando "Aceptar”.

* Discharge time senes ? X
Time Discharge(mi/s) 1.000
800 <
. -
) 4
IE 600
E 4
§
'5 <4
200 4
0 .-
r T T T T T T T T =l
0 200 400 600 800 1.000
Add emave Time
oot | o =

o Se selecciona el archivo con extension .csv, utilizando los datos previamente descargados
y proporcionados por la JICA “PY_dummy_Hydro_3118m3a24hr”.

. Choose a text file X
T DataForHomework-20241128710... » DataForHomework , ar en DatoForHomewark 0
Ovganizar Nueva carpeta m ¥ C. 0
@ OneDrive - Pers hace mucho tiempo
@l Escritono +* n n n
+ Descarges  # ( ( i
. Documentos # PY_dummy_Hydr | PY_model Hydre PY_model_Hyeto
0_3118m3s_24hr _Mayl583 _Dec1957

P8 Imigenes  #

@) Misica *
u Videos ¢
Escaneos
DataForHomew
Nombre: | PY_dummy_Hydro_3118m3s_24hr | Tet files (“.csv *.tut)
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o Se muestra la siguiente visualizaciéon. Para continuar, clic en "Aceptar” que lleva a la
ventana anterior y se finaliza la configuracion con el botdn “OK?”.

? 0 =
Time Discharge(m3/s) 5.000 -
1 1 EARE:] 3
4.500
2 12 3118 1
3 3 e _.4.000 -
4 318 2 1
4 ™ J
5 s — £ 3500
7] 1
o 3
6 6 3118 = -
3.000
T 7 3118 1
Ia) 2
8 8 3118 2.500
9 9 s
2.000
10 10 3118
1mMn e 1.500 —
B e o
a2 3 Ana g 0 5 10 15 20 25
add Remove Time
Import Export Clear Cancel

o Dentro de la barra de contenido, se le agrega los obstaculos, cabe mencionar que esto
también puede ser agregado al hidrograma.
o Para agregar el obstaculo, clic derecho a Obstacle>Add>Polygon.

i Untitled - iRIC v4 4.1.0.6956 [Nays2D Flood v5.0 64 bit] - [Pre-processing Window]
* File Import GeographicData Grid Measured Values Calculation Condition  Simuls
HEBRS -~ QL XW&¥% @Q )
1‘ J, Bl ®coeser O oo © vertical
Object Browser x
. & ve Geographic Data _Ceran
v Elevat .
A . S i Com Indig \
— Kenkukek =
E B0 Obstacle | o B
-] Xrain = Import »
] Bomber = Import Elevation from web
-] Roughness cI Add » I Polygons,..
] Areal fractior Lines...
-] Reference Inf i A
L
@ [ Gid Creating Co §  Delete Selected. /fg////;f////
+ 8 Boundary Condit B Delete All. 4 ;;@W
] " Hyeto_obsta: g "j

v @ Gid(101x201= B Property... 5 % 7
R
@ [ Grid shape /j""%ff///.’j/}?(’;f’?/
> O Mode attributes f 7 f/ /f"?r?////}
(] /f/// //{/ & f& J.?"///)
W) Cell attributes //{/f/—‘// f{/ %/‘
@ " Boundary Condition .’-/,»-, ///

a Measured Values
-] Background Images

+ 8 Background images (Internet)
b

| Google Maps

\f Google Streets
[ " Geogle Satellite

[ Geogle Satellite Hybrid
[ " Google Roads

\f Google Terrain

0 Open Street Map
B ) Axes

-] Distance Measures

o

y

| b Logo
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o Se abrira la siguiente ventana emergente, “Ok” para continuar.

¥ Information ? X
Please define polygon by mouse-dicking. Finish definining by double dicking, or
pressing return key.

(") Do not show this message again.

[ o ]

o Para mejorar la visualizacion de la zona, se desactiva la grilla del drea de simulacién
desde el panel de contenido, lo que permite un trazado mas preciso. Para comenzar el
dibujo, se hace clic en el punto de inicio del obstaculo y se continda definiendo los

vértices con cada clic. Es importante mencionar que se pueden crear tantos puntos
como sea necesario para definir el obstaculo con precisién. Se finaliza con un doble clic
en el punto de término. A continuacidn, aparece una ventana emergente donde se
selecciona la opcion "Obstacle” y se confirma con "OK". En este caso, se esta
diagramando una seccidn del Puente Héroes del Chaco, que se encuentra sobre tierra en
ambos extremos del rio.
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o Se edita el nombre de los obstaculos para una mejor organizacion del proyecto,
haciendo clic derecho sobre el mismo y luego seleccionando "Edit Name".

l—ﬂmmmm

# Fle impont Dats  Grid ot

'y Caloulation Result  View  Option  Melp

“HEBEBES ~~Q l::.h“. "xzvzx QQ PE B

1T 47 B 8ces Owwu 0w
bject Browser *
.*& ~ @ ' Geographic Data
- ~ @ W Deation
8 [ Rastes Dutat
~ @ I Obstacle

1] Puentel Add New Polvgen_.
B ™ i
@ 7 Somber
@ " Roughness condi Copy-.
B 0 Asesl fraction the
@ D Scderenceinlomn ©  EPOL
8 [ Geid Cremting Condt 4 1000
~ @ 0 Bounduy Condition & pucve down
8 [ byeto_obatacule
v @ 10 Gid (10122012 203 B Delete.
0 [ Grid shape A
» O B0 Node stributes e =
3 ) B0 Cell stmribustes
» @ 10 Boundary Conditaon
B 7 Mesnwed Values
B Backgreond brages
~ B 7 Background images (Intermet)
@ [ Google Maps
1 [ Google Steeets
0 [ Google Sateiine
() [ Google Satetiae Hybod
O [ Google Roads
1) Geogle Terrain
O [ Open Street Map
8 A
B 7 Datarse Mesiuses

o

o De la misma manera, se genera el obstaculo correspondiente a la Avenida Costanera,
definiendo sus vértices con clics sucesivos desde el punto de inicio hasta el final. Se
pueden agregar tantos puntos como sea necesario para asegurar un trazado preciso.
Una vez finalizado, se confirma la seleccion siguiendo el mismo procedimiento utilizado
para el Puente Héroes del Chaco.

B Untitlesd . UC wd 4108055 [Nays2D Flood w50 O bit] - [Pee processeg Winsios]

hwnnsem-dui; %22 QO PE SEEGRE e (6

T 4 F B 8ckir Orowsd 0ot

~ B Ged (151 2 201 = 20301)
O[3 Grid shupe
¥ )10 Node sttributes
» B Cell mtvibutes
> @ 1 Boundary Conditen
B Mestored Vadoes
@ 7 Background images
~ @ ' Background images (intemet)
B [ Google Meps
0 [ Google Streets
0 [ Google Sseefite
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o Se edita el nombre de los obstaculos para mejor organizacion del proyecto, haciendo
clic derecho sobre el mismo y luego Edit Name.

# Fle Import Dets  Grid Values Colculation Condition  Simulation  Calculstion Residt  View  Option  Melp

CRABES ~ ~ Q Lk %A% QA PE S WG m o
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B Sackground images
v @ ™0 Background images (Intermet)
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o De la misma manera, se genera el obstaculo correspondiente a la Avenida Costanera,
definiendo sus vértices con clics sucesivos desde el punto de inicio hasta el final. Se
pueden agregar tantos puntos como sea necesario para asegurar un trazado preciso.
Una vez finalizado, se confirma la seleccion siguiendo el mismo procedimiento utilizado
para el Puente Héroes del Chaco.

B Untitlesd . UC wd 4108055 [Nays2D Flood w50 O bit] - [Pee processeg Winsios]
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o Ademas, creamos un poligono para definir la condicién de rugosidad, seleccionando la

zona urbana dentro de la malla de simulacién. Esto permite representar con mayor

precision las caracteristicas del terreno y su influencia en el flujo del agua.

o Clic derecho en Roughness Condition > Add > Polygons, y en la ventana emergente que

aparece, se continua con "Ok" para confirmar la accion.

* File Import Geographic Dats

Object Browser
. & v i - _Gaog.raphic E_Iala
a L - | Elevation
B [ ) Raster Datal
L - | Obstacle
-] _-“ Costanera
B [ Puenter
B [ Puente2
[ - ] Xrain
[ ] Bomber

i Untitled - iRIC w4 4.1.0.6956 [Nays2D Flood v5.0 64 bit] - [Pre-processing Window]

HEES ~~Q Ml WH % @Q |

* 3 Bl ®cioex O riorizontal © vertcal

Grid Measured Values  Calculation Condition  Simul

»

Estacion de servicio
PETROPAR San Ramadn

!"'-" Roughness o

-] Areal fractior

(] ‘ Grid Creating C

Import » L
Import Elevation from web...
*J  Polygons..

~ @ ™ Boundary Condit

@ [ Hysto_obstac

va Grid (101 x 201 =
@ [) Grid shape

] Node attribut

-l -}

] Cell attrib

S B Property..

= ] T U
Delete Selected... N‘m"“s\

Delete All...

Measured Values
Background Images

@ [ Google Maps
"} Google Streets
") Google Ssteflite

B L Google Roads

1 Google Terrain
7)) Open Street Map

B [ Axes

-] Distance Measures

’

Y Lege

- @ Boundary Condition

Background Images (Internet)

" Google Satellite Hybrid

s
MontePila o

jer

o Puerto Elsa

TNDEPENDIENTE

o Seguidamente, se comienza a dibujar el poligono haciendo clic en los puntos que
definiran sus vértices. Es importante mencionar que se pueden agregar tantos puntos
como sea necesario para delimitar con precision la zona urbana dentro de la grilla.
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o Se asigna el valor del coeficiente de rugosidad (Manning’s n) de acuerdo con la tabla
mostrada. En este caso, se selecciona la categoria "Developed, Medium Intensity” con
un valor de 0.12, yva gue representa areas urbanizadas de intensidad media, lo que se
ajusta a la infraestructura de la zona urbana dentro de la simulacion. Ademas, este valor
considera un 40% de superficie impermeable, reflejando |la presencia de edificaciones y
pavimento en la ciudad.

u DataTableEditor X
Selected Area Edits
__Jl ;J iJ iJ _h] !‘J ;‘*;J Parameter [M Parameters lI
10 Name MarningsN Porcent
- ot

43 Meved Forest D.12 0

41 Deciduous Forest 0.1 0

21 Developed, Open Space 0035 0

42 Evergreen Forest 0.5 0

n Open Water 0.035 100

52 Shrub/Serub 0.05 0

L} Pasture /Hay 0045 0

! Grassland Hesbaceous 004 0

82 Cultrvated Crops 0.05 0

2 Developed, Low Intenstty 0.08 20

95 Emergent Herbaceous Wetlands 0045 75

%0 Woody Wetiands 007 50 _
|2 Developed. Medum Intensty 0.12 40 |

24 Developed, Hgh Intensty 0.15 &0

k)| Bamen Land Rock./Sand/Clay 0.03 0

ok ] Ccoce

Source: HEC-RAS 2D User's Manual https://rashms.com/wp-
content/uploads/2021/06/HEC-RAS-2D-Mannual-Mannings-n.pdf

=
b

¥ Edit Roughness cendition value

Please input new value in this polygon.

Roughness condition : 0.12

QK Cancel
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o La imagen se visualiza con los elementos incorporados, incluyendo los obstaculos de la
Avenida Costanera, el Puente Héroes del Chaco y la Rugosidad de la Zona Urbana.
Estos elementos permiten representar con mayor precision las condiciones del terreno
en la simulacion, considerando las infraestructuras existentes y su impacto en el flujo del
agua.
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8.1.6.3. Correr la Simulacion
o Se accede al Menu de herramientas y se selecciona "Calculation Condition”.

* File Import Geographic Data Grid Mea‘-urtd\-'arue‘sl Ca!culahonCondllmnI Simulation  Calculation Result  View  Option  Help
HEES ~~Qkx %"&¥% QA pB /" BhtGhm~-2a O 6
T4 B

o En la siguiente ventana, se realizan las modificaciones segun lo indicado en las imagenes
siguientes.
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R E———

Bourdary Condtars for j=1 Outhiom
Bourdary Condtors for e Outfom
Water surface 8 doeraroas Froe outfivn

Constant value im)
rage st demniTens Wow beres

Rrdel [thout T~

B e st EE—
S )

with

li. Information ? X

“ You can copy and paste the values, with shortcut "Ctrl + C"and "Ctrl + V"

(] Do not show this message again.
i Rainfall time series(mm/h) ? X
Time tainfall(mm/hour 1.000
800 <

Rainfall(mm /hour)

R e i i [ s e e |
0 200 400 600 800 1.000
Add Remove Time

Export Clear | oK ] Cancel
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. Choose a tent file

Organizar = Nueva carpeta

il Escritoric & u
% Descarges  #
R imigenes &
6 Misica »
B videes +
Escanecs

DataForHomew

» @ OneDrive - Pers hace mucho

i Documentos # PY_dumemy_Hyde PY_model Hydre | PY_model Hyeto
©_3118m3s_24he May1523 DeciogT

« DatafForHomework-20241128T10... » DataforHomework

Nembre: PY_model_Hysto_Dec1997

Text files (".cov "tut)

Groups
inflew/ Cutfiow Boundary Condtsens
Initiad Water Surface
Time

Frvte dfferental metod of advestion terms

Marue rumte of fSerators of mater surtace calaulaton

T —

corffioent for water surface calculston

Mirwum water depth

A for eddy viscomity coeficent (ubu™h x A +8)

& for eddy vstosty effoent (iuhx A + §)

Pumber of Freads for parale computaten (Only mull cove PC)
Trundaton of buldrgs

Model par wmeter for Sow 1esstance by buldege

e B CaCLAASE Qe

Cancelar
b Caleulation Condition : -
Grougs
Inficwe/ Outfiow Boundary Conditions Outpi S el fouc)
Initial Water Surace Caladaton e piep (pec) dl
Tirne
Others Seart teve oF Gutnat (gec) 2
Start tme of bomber (sec) 2
Reset e
. Calculation Condition : S

g _y=gam_y=1-sgrt{1-gam_v)
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o Se guarda el proyecto para poder ejecutar la animacion.

H@@ =~ A~ Q Il iy i @Q ’..’-rzu'ﬂmrmh i Q6
T3 8

Tipe:

WRIC project file (".pre)

i Seve iRIC project file .
« DataForHomework-20241128T10. » DataForHomework . g » en DataForHomewark O
Organizar = Nueva carpeta =2 [1]
@ OneDrve - Pers: haoy
1 ¥
|
Gl Ezcrtorio @
1
+ Descarges  #
o Documentos # Hydro_Solo_Caso
4ipro
B Imigenes 4 ayer
€ Musica +
3 videns *
Mombre: | Hyeto_cbstaculo_Casod

~ Ocultar carpetas Cancelar
8.1.6.4. Ejecucion de la simulacién
o En la barra de herramientas principal se hace clic en “Run’ ’ ;
D Uretied - 300 ob L1.2800) [Nep2D Flood o110 & be) - [Pre-procosung Windos| [+] x
® File brpot  CesgraphscDts G d Vo < won Condtion  Sevubitior  Coloulsben Remlt  View Option  Help ’
HEES - SRAEERoYe] [ =~ JEd [ O6
145 B

o En el caso de guardar actualizaciones apareceran ventanas como esta, donde se le da
clic en “Yes”.

¥ Warning X
Costanera, Puentel, Puente, Polygons1 are not mapped after they are edited
B last time. Do you want to execute mapping now?
I Yes | [ No Cancel
& -
/7 Information X

o Mapping geographic data, boundary condition finished successfully,
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o Nuevamente se hace clic en *Run” ’ A continuacioncon “Ok™”.

Please make sure:

* If calculation result already exists, it will be deleted.
* The project will be saved.

Are you sure it is OK?

OK Cancel

o Se aguarda a que termine de ejecutar la simulacion y luego clic en “Ok” para finalizar.

HEES -~ ~ “"HX QO pE SBLALE e O
BI00.000 JIIN.G000 0.0800  0.0000 cus
500 0.0000  0.,0000 own
SO0 9.0000 0,000 ous

Eeesd e
SE300,000 21400000  0.0000

2
H
i3
if

&
]
Fis ssecoicen siinieesd  o.0000  0.0008 our
r 409,000 JILE. 0000 2.0000 0.0000 oat
t =1 5. 0000 0.0000 cun
r 0.0000 0.0005 out
£ 0.0000  0.0440 omn
r 0.0000  0.0000 out
= 0.0000  0.0000 our
2,003 92,0000 owt
S.0000 0.0000 wun
@, 0000 0.0000 cut
0.0000  0.0000 out
0.0000 0.0000 ouwt
8. 0000 0.0000 out
8000 0.0000 cwt
00000 0.0000 out
0,0000 0.0000 cut
0.0000  0.0000 et
2.0000 0.0000 omt
2.0900  ©.0000 cur I Sobers Fiahed X
S.0000 0.0000 out
0.2000 0.0000 out o it wehors Twshet v atstn
Q.0000 0.0000 cut
0.0000  9.0000 cur
2.0000 0.0000 st E
Si0080  0.0000 et ]
0.0000  0.0000 gwr ——
0.0000  0.0000 out
0.0000 5.0000 our
£.0000  0.0000 cut
©.0000 0.0000 out
$.0000  9.0000 tut
TH20. 000 211K. 000 G000 0. 0000 cur
T8509.000 3118, 00080 0.0000 tut
THE00. 000 31400 P.0000 0.0000 cut
9.0000  0.0000 ocut
2.0000 0.0000 out
0.9000 0.0000 owt
0.0000 0.0000 put
0.0000 9,000 et
L0000 0.0000 put
TH00.000 3138, 9.0000  5.0000 cut
0400000 JILE. 0000 T.0000 0.0000 tut
$10609.080 3118, 0.0000  0.0000 et
£ 0.0000 0.0000 dut
s.0000 0.0000 cut
0.0000 0.0000 out
M0 oo,
3.933333 =i,
Calcarstion time ¢€.33338842-02 dour.
T fangle [ 3 0 B K ¥ O EPREITIY WS B LTI o 145

o Se abre la venta de Pos-Procesamiento en 2D.

i Hyeto_obstaculo_Casodipro - iRIC v4 4.1.0.6956 [Nays2D Flocd v5.0 64 bit] - [Solver Console [Nays2D Flood v5.0 64 bit] (stopped)]
File Import Calculation Condition Simulstion Calculation Result View Option Help

HEFS ~~ 0 .- %22 0 pl BEGLE- 0 (5 A

o Hay gque asegurarse gque activado el mapa base y Depth(MAX) en el panel de contenidos

para poder visualizar la simulacion.
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o Se activa nuevamente el mapa base
Open Street Map en Background
Images (Internet) v Depth(Max) en
iRICZone> Calculation Result que se
encuentran en la table de
contenidos.

[l Hydro_Sclo_Casol.ipro - iRIC v4 4.1.0.6956 [Nays?)

F“ File Import Draw Measured Data Calcula

HEES -~ ~ Q1
00000 @m@

Object Browser
& v8 Nays2D Flood v5.0 64 bit Grids

C I

v 8 iRICZene

Geographic Data

o Se realiza configuraciones finales
para la visualizacion, a través de

'ﬁ > O Input Grid
v 8 Calculation Result
8l " Grid shape
v8 Scalar
BT oty |
8 " Depth
8 Y Elevation
) [ WaterSurfaceElev...
Ol " Velocity (magnit...
O [ s.c
O [ velocity(ms-1) (..
> B Graph
+ 8 Arrows
@ | " Velocity(ms-1)
v 8 Streamlines
[ [ Velocity(ms-1)
v - Particles (auto)

\.I'e!ucnty(ms 10
Label

Measured Values

Background Images

<

Background Images (Internet)

0O Google Maps

0 [ @

_"_ Google Streets

' " Google Satellite

B Google Sateliite Hybrid
0 | | Google Roads

Google Terrain

D |:] |j| |_"

| Title

. L Tnme
B[ Axes

: Logo

Ll D Open Street Map

] Distance Measures

Depth (MAX) haciendo clic
derecho, Property.
i Hydro_Solo_Casol.ipro - iRIC v4 4.1.0.6956 INaysB
B File red Da at
H OfCs @ e @
O0000 @¢ O
Ob)ectBrowur x
& Nays2D Flood v5.0 64 bit Grids
a > :' Geographic Data
' + 8 iRICZone
i y @ Input Grid
+ 8 Calculation Result
@ | Grid shape
+ 8 Scalar
8 | ) Depth(M= I
0O Depth Show Attribute Browser
) [ Elevation Moviin
- ™
= ;wnﬂ_’sm Move down
) Velocity (
0 [ . ¥ Delete..
O [ velocityt —
> @ ™ Graph E W"'
+v8 Arrows
71 [ Velocity(ms-1)
v@ Streamlines
[ Velocity(ms-1)
v 8 Particles (auto)
[ velocity(ms-1)
8 [ Label
] Measured Values
a Background Images
v @ | Background Images (Interet)
71 [ Google Maps
O Google Streets
& Google Satellite
D Google Satellite Hybrid
i) Google Roads
0N Google Terrain
@ [ Open Street Map
a ﬁ' Title
@ [ Time
8 [ Aces
-] Distance Measures
& Lego
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o Seguidamente se abre una pantalla emergente para realizar las siguientes
configuraciones:
= Modificar “Min” en “Value Range” a 0.02.
= Desemarcar “Fill Lower area”.
= |ngresar a “Swicth to Discrete Mode”.

Fas Scalar Setting (DepthiMax)) 7 *
Colr  Range
Relatonship between values and colors Value Range Color Bar Settng
O Automatealy adust based on value range B vt
) Setup Marually Max: 737577544 Owachen:
M _o.02 | O Horzental © vertical
Colors Tide
Value Color Add Title : DethiMax)
o [ L—— Fetsems: Century Gothic 14 pt  ese.
2 5536831585 e Cob
VTR LORE Label Desplay
o s i - Equal Dnson Format: ws.2¢
4 1859943962 Change Mum, Colers Nesmber of labeis: B Auto
5 0.02 - reesetng:  Century Gothic 14 pt es...
Clor
e
we [
e i} 0 5%
B Oy border
Sire and Posibon
Position Distarce fomright 0,00
ot Distance fombottom 10,00 5 %
: : F o ) Auto Sipe
Widsh: 0 S o
Heght: 00 3 px
Bar Width Ahgrament
) Pl lower srea | Fil upper ares Caue 30 & px O Lot © Conter Right
Impert.., Export
() Drawi contonr bnes  Line width:  pu © Use values of colormap () Specify division rusbes
O Pant O Ponts PontSize: & & [ Transparent ' 50 = %
o Cancel Apgity
F2a Switch to Discrete Mode Dislog i X
Min value Max value Color
s w
3 517 59
4 443 517
5 37 44 . | o En la ventana emergente de “Swicth to
6 2% 37 - Discrete Mode”, realizar:
7 23 296 = Modificar “Value decimal places” a 2.
& 149 23 :_ui_f = En “Number of colors” asignarle 10.
9 07 1.49 = Confirmar los cambios con OK vy
10 002 07 nuevamente OK.
: Vaiue Range Optians
Max: 7.3757754% Value decimal places: 2 :
Min: 0.02 Log scale: [C] Enabled
Number of colors: [ 5
e
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La imagen de la simulacion se ve de la siguiente manera:

A ARANDA
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wybuazy Yoy

San Ramon

MORA wig
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José Falcon /“ "

w8 1

BAN BAFALL

) Fermmando
de la Mora

':IIIINlu
il 6 vk San L6renzo

PUIRTO PARLA

\ B n Villa Elisa R R

La imagen muestra un modelo de simulacion de inundaciones aplicado a Asuncion y el rio
Paraguay, con una superposicion de datos sobre un mapa base. La escala de colores en la parte
inferior derecha representa la profundidad del agua, donde los tonos rojos y naranjas indican
las mayores acumulaciones, superando los 7 metros, mientras que las areas en verde y azul
reflejan niveles mas bajos, entre 1 v 4 metros. Los tonos celeste y morado corresponden a
zZonas con poca o hinguna inundacion.

El modelo sigue el cauce del rio Paraguay, destacando la influencia de infraestructuras como la
Avenida Costanera y el Puente Héroes del Chaco en la distribucion del flujo de agua. Esta
simulacién es clave para el analisis de riesgos y la planificacion de medidas de mitigacion en

areas vulnerables a inundaciones.

« Para visualizar el desarrollo de la inundacion en la simulacion, se accede a la barra de
herramientas de operaciones, se ajusta el temporizador a O y luego "Play" para iniciar la

reproduccion del modelo.

HEES -~ ~ QL %% % QA P /BLGLELEC O 6

) Glpl' ow:l T & I E: B colorBar () Horizontal © vertical (@ Transparent . 0 5%
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o De esta forma, se puede observar la evolucion de la inundacion a lo largo del tiempo
dentro de la simulacion, permitiendo analizar su comportamiento en diferentes
momentos del proceso.
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Segun los resultados y las comparaciones, realizar ajustes en las condiciones de entrada, la
malla o el modelo para mejorar la precision de la simulacién, si es necesario.
Para representar la simulacién en un mapa, se descarga en formato Shape (.shp).

h Hyeto_obstaculo_Casod.ipro - iRIC v4 4.1.0.6956 [Nays2D Flood v5.0 64 bit] - [Post-processing (20 4]
ru File Import Draw Measured Data Calculation Condition Simulation Animation  Calculation Result  View
© NewProject... Ctrl=N Zx @ @ ’ . g . '2II
Open... Ctrk+0 = - =
'H Save Ctrle§ T & i B 8 corzar O 1
Save As File{".ipro)...
(12)
o Save As Project... -
: B Propeny... Espini":a\
'5 (3 Reload CGNS file...
i@ SssveSnapshot.. r ib p.!_l]-lj'_jl,.j'p'.' o
( 0 Fraclico s
r; [ Copy Snapshot to Clipboard Ctri+C )
i Continuous Snapshot / Movie / Google Earth Export...
El
= _lmport »
l" Export » I Geographic Data »
Recent Projects " Gnid Creating Condition...
Grid...
Show IRIC Start Page... Calculation Condition...
Eat Solver Conscle Log... A o
TR T Grapy T 90 Calculation Result... #-/
v @ Amows Contour Figure as ESRI Shapefiles.., \
0 [ velocity(ms-1) Partdas.
va - Sf:“m“nes Google Earth KMZ for street view E
Velocity(ms-1) {0e] Visualization/Graph Setting
~ 8 Particles {auto)
- Clori
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Se define la carpeta de destino y un nombre al archivo, manteniendo los demas parametros con

los valores predeterminados. Luego, desde la carpeta de descarga, se selecciona el ultimo
archivo .shp para su procesamiento en ArcGIS.

li. Export contour figure to ESRIS... 7 X

Output folder: inloads\DataForHomework'\Hyeto

Prefix: Result_2|

Time
& Al timesteps

Start: _ 1 + |Osec

End: _ 44 < |25800 sec

Skiprate: 1 -

OK Cancel

98




8.2. Analisis Geoespacial del Modelo Hidraulico en ArcGIS Pro

En esta seccidn se presenta un paso a paso del procedimiento geoespacial que permite
procesar vy visualizar, en el software ArcGIS Pro, los resultados obtenidos en
iRIC/Nays2D_Flood. Este analisis facilita la interpretacion de la dindmica de la inundacién en la
zona de estudio y la generacion de productos cartograficos que sirven como base para la toma

de decisiones en gestion del riesgo vy planificacion territorial.

1.Exportacion de resultados desde iRIC: se definen las carpetas de destino y se selecciona el
archivo de salida en formato shapefile (.shp), el cual contiene la informacion sobre la
profundidad del agua calculada en la simulacion.

2.Carga y procesamiento en ArcGIS Pro: el shapefile generado se incorpora en el entorno SIG,
aplicando simbologia adecuada y escalas de color que permitan una representacion clara y
precisa de los valores de profundidad.

3.Generacion de mapas tematicos: se elaboran mapas gue muestran la distribucién espacial
de la inundacién y la variacion de la profundidad del agua. Estos productos pueden
integrarse con otras capas geograficas, como redes viales, infraestructura critica o areas
urbanas, para evaluar los impactos potenciales.

4.ldentificacion de areas de riesgo: a partir del cruce de informacién, se delimitan las zonas
mas vulnerables a la inundacion, lo que contribuye a la planificacién urbana, la mitigacion de

desastres y la gestion sostenible del territorio.

Todas las figuras presentadas en esta seccion fueron elaboradas en el software ArcGIS Pro,
asegurando la coherencia entre los procedimientos descritos y los resultados cartograficos

obtenidos.
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Para el analisis espacial se utilizo el software de procesamiento ArcGIS Pro, aunque también es
posible realizarlo mediante otros programas de acceso gratuito.

Para el acceso, ingresamos a la pagina oficial de ArcGis, mediante el siguiente enlace:
https://www.arcgis.com/index.html

Inicio sesion con una cuenta obtenida previamente.

8.2.1. Descarga del programa ArcGIS Pro

G

ArcGIS Online

Lon tecnolt

Iniciar sesion @esri

Inicio de sesion de ArcGIS

I & XXX I

L sessssssssses

Iniciar sesién

La URL de su organizacion de ArcGIS
4

@) 0 G ¢
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Para realizar la descarga, el usuario debe ingresar a su perfil y dirigirse a la seccion "Mi
Configuracién”. Desde alli, podra acceder a las opciones disponibles para la descarga del
archivo requerido.

200000

Mi configuracion
My Esri
Formacién

Comunidad vy foros

ArcGlIS Blog
000OOOOOON0ONKX Avuda
Cambiar cuentas Cerrar sesion
General Licencias
Seguridad
Productos con licencia . encia complementaria

Licencias I

Créditos

of A
, ﬂ Eield Ao
-3 0.. Office App

°eee005000
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Se inicia la descarga.

Se espera a que termine la descarga.

Descargar ArcGIS Pro

®©

ArcGIS Pro

Una vez finalizada la descarga, se ejecuta el
archivo para su instalacion. Al ejecutarlo, se

-

Q % O | @

Historial de descargas recientes ®

[m] ArcGISPro_34 es 193135.exe

1 04/27 GB » Queda 1 minuto

Se espera a que el programa se extraiga.

define la carpeta que contendra el

programa.

[® #xGs Pro X B A<cis o X
Carpeta de destino para archivos Desempaquetando archivos

Seleccione la carpeta de destino donde se deben exraer los archivos del paquete

Seleccione la carpeta de destine:

CAUsers\PClab01\Documents'ireGIS Pro 3.4 Exarminar

Cancelar

Espere meentras se extraen los aschrvos del paquete en ef equipe...

Extrayendo ArcGISPro.cab...

Cancelar

Se selecciona "Cerrar" para ejecutar el
programa, asegurandose de que la opcion

"Ejecute el programa ahora" esté marcada.

"Siguiente" para continuar con la instalacion.

ArcGIS Pro x

Lo aechevor de | v han extiaido N TSP

B Gecute el programa ahora

ArcGIS 2024

ArcGIS Pro
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Nuevamente siguiente.

Se aceptan los términos del contrato y se
procede haciendo clic en el botdn "Siguiente”.

Instalacién de ArcGIS Pro b

Le damos la bienvenida al programa de instalacion
de ArcGIS Pro

Se recomienda cerrar todos los programas de Windows antes de
ejecutar este programa de nstalacdn.

Hapa dic en Cancelar para salr de la instalacon y cemar los
programas en ejecudon. Haga dic en Siguiente para contnuar con la
instalaciin,

ADVERTENCIA: Este programa esta protegido por las leyes de
derechos de autor y otros ratades internacionales.

M Instalacion de ArcGIS Pro X
Contrato marco
Para contnuar, debe aceptar el contrato marco que se muestra a
continuacdn.

Contrato marco (E204CW) [

Revisado 30 de agosto de 2024
IMPORTANTE: LEER DETENIDAMENTE

Salvo que sea sustituido por un contrato de licencia firmado entre
usted y Esri, Esri esta dispuesta a proporcionarle los Servicios y las
Ofertas de Esri si acepta todos los términos y las condiciones
contenidos en este Contrato como acuerdo Gnico y definitivo de las

:n?m w:.,d:vm m;:,ws:z:a: “m: mf:;, partes con to a la adauisicion de los Servicios v las Ofertas de

objeto de todas las acoiones judiciales p pladas en la O Acepto e Contrato marco Imprmr

. (O No acepto & Contrato marco

I_' Siouiente > e POF del contrato {todos log idomag) < Atras Siguiente > Cancelar
Se selecciona la preferencia de usuarios y L
- s ., Nuevamente siguiente.
luego se hace clic en "Siguiente”.
¥ Instalacién de ArcGIS Pro X

[N Instalacién de ArcGIS Pro X

L

Contexto de instalacion
Instalar estas apbcacon para:

© Cuslguiera que utiice este equipo (todos los usuarios)

(O Selo para mi (PClab01)

Cancalar

Se prosigue con la instalacion haciendo clic

Seleccionar entidades
Selecdone los componentes que desee nstalar.

Q

Para camixar la forma de instalacidn de un componente, haga dic en un icono de 1a ista siguente.

Esta es la aplicaadn de ArcGIS Pro prinopal,
B3, v) Wacehan de T ArcGIS Pro admite visuakzacdn de datos,

X _=| Crear locakzador
X_=| Bisqueds semén

analgs avanzado y mantenimiento de datos
acreditados en 20 ¥ 30,

| Sugerencias de h

!'..nstahr en:
C:'Program Fies\ArcGIS'Prol,

Cancelar

< Atrds

Espado

Se espera a que termine el proceso de

en "Instalar". instalacion.
T Instalacion de ArcGIS Pro X | | Instalacién de ArcGIS Pro - x
P do para instalar el prog ANaiedo ACRtn v

El Asistente esta preparado para comenzar la instalacidn.

L

Si desea revisar Ia configuracdn de la instalacidn o realizar algin camidio, haga dic en
Atrés. Haga dic en Cancelar para salr del Asistente.,

Desaa partiopar andnimaments en el disefio de versiones futuras de ArcGIS?
O Haga ciic aqui para participar en el programa Mejora de la experienda de usuario de
~ Es7i. (Recomendado)

3 Meiora de by experiencia de ymuario de Esri

Qbtener mds macign sobre Ly

B Ejecute ArcGIS Pro cusndo se complete ol programa de nstalacién,

< Atrds

I Instalar l Cancelar

Los componentes del programa selecconados se estin instalando.

Q

ﬁ Espere mientras se nstala ArcGIS Pro. Puede tardar vanos minutos.

Estado: Vaidando la instalacidn

Cancelar
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Se finaliza la instalacion.

"4 Instalacion de ArcGIS Pro b4 Arc o - Paguete de idioma

ArcGIS Pro se ha instalado correctamente.
La instalacidn de ArcGIS Pro - Paquete de idoma se
completd comectamente.

Haga clic en &f botdn Finalizar para safir de esta instalacidn.

Fnalizar

8.2.2. Creacion del Proyecto
8.2.2.1. Iniciar proyecto
o En la primera pantalla del programa ArcGIS, se inicia el proyecto desde "MAP".

@ ArcGIS Pro “

e Propel

o Se define la carpeta donde se guardara el proyecto, asi como el nombre del mismo.

New Project

Name

Hydro_Solo_Casod

Location

C:\Users\PClabOT\Documents\ArcGIS\Projects

Default

| Create a folder for this local project
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o Ventana Principal de ArcGIS Pro.

Lo - 9 ) x
Progect  Mag Asaly [ 33 har I
& il = p—— ¥ " . Il
Eaphens o Selen  SelectBy  SeletBy Messoe  Locate  Infigraghs bt i Vet Coomn ewmised
Te X v Amsbetes  Lscaten - v v eraries Mars - [
- g iy Lataseg ] Dtise 3 *
Cont Symbolog '
veitiy Chethen
Panaema O
[
5) T =

1- Barra de Menu.

2- Barra de Herramientas Estandar.

3- Tabla de Contenidos.

4- VVentana de Visualizacion del Mapa.

5- Barra de Estado.

6- Area de apertura de Paneles y herramienta importantes.

8.2.3. Configuracion de Visualizacion

8.2.3.1. Carga del archivo

Nos dirigimos a la carpeta donde descargamos el .shp de IRIC y arrastramos hacia nuestro
proyecto, especificamente a la tabla de contenidos encima de “MAP”

.....
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8.2.3.2. Cambio de simbologia

Modificamos la simbologia haciendo clic derecho y seleccionando "Symbology”. Luego, en la
opcion "Single Symbol”, elegimos "Graduated Colors", lo que permite asignar una escala de
colores graduados acorde a los valores del archivo, facilitando su interpretacion visual.

dando clic derecho y “Symbology”.

fe 2 Mag X f
2 ~|| e ¥ | Symbology - Result_143... v # X
o =y .
B L35 [2 w A —
Drawing Order Briano - v =] ]
3 Copy Carde joad Falcde | e—
[ 3 ; e Alonso
Primary symbology
Fermove
= - Geoup | f5ingle Symbol |
- : AT Symbolize your layer using one symbol *
2 Dats Engmeening Cirke Shelt={ ¥ B
. L 7‘_"‘ Single Symbol
L_ossocse | L] Draw using single symbol.
Crente Chamt Symbolize your layer by category
Bew Report — )
Jeans and felmes 77 . 4 K | Ul‘lqlle Vall]es
. Cloringa %1~ | Draw categories using unique values of one or multiple fields.

Zoom To Layer

Symbolize your layer by quantity

Graduated Colors
Draw quantities using graduated colors.

Sedecton

i) Label

iy Lsbelng Propertues.

Bivariate Colors

Corronnt Loty ~r i o
* Symbology Symibesiogy 1 Draw quantities using bivariate colors
how gymbology for the

Ta Dusstle Pep-ups et

Unclassed Colors
Draw quantities using an unclassed color gradient.

e Configure Pop-ups.
Dats
Graduated Symbols

Shanng I |
1 ®| Draw quantities using graduated symbaols.

N View Metadats

/Bt Metadats

| Proportional Symbols
i s e L 1 Draw quantities using proportional symbols

Se ajusta el nimero de clases a 10, manteniéndolo consistente con la escala utilizada en iRIC.
Ademas, segun la preferencia del usuario, es posible modificar el "Color Scheme" para mejorar
la visualizacion de los datos.

| Map % | Symbology - Result_143 8 X
s 31
o B 5 Y 4 =
s { Mariano it A _—"
[ It Roque Alonso
- Primary symbology
Graduated Colors -
José Faledn 1
Field ValueMin bl £
; Normalization | <MNone» v
Methad Natural Breaks (Jer v
i) ; | i T
. F Celor seheme -
L
S Classes  Hntogram = Scales
~ s
[y Maore ~
3
4 Symbol Uppervalue = Label
Yot it I
Clonnd.a n Antonio |
- \ .-
Asuncion ™
) LY e, =
iy ot
a %oy L 6" o
bl T
ey e
- il Fernando de
la Mora [ |
San Lorenz
Lambaré
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8.2.4. Disefio y configuraciéon del Mapa Final

8.2.4.1. Creacion del Layout desde la barra de Ments en la pestafia “Insert”.

Map M Analysis  View Edt imagery Share Help

Project
7o J] New Presentation ~
P o New [1. New Notebook ~
Map + || Layout ] Report B Toolbex »
Contents 150 - Portrait
'1* ......
— AS AL
148 mm x 210 mm 210 mm x 297 mm
150 - Landscape
0, AS
i 1 148 mm x 210 mm
- 2
B ANSI - Portrait
- .
-
. Letter Legal
= 85 x N 85 x 1
8
o Wol  ANSE- Landscape
" Wol
Letter Legal
85 x1 A5 x4

Architectural - Portrait
3 Impont Layout file..
Custom page size.

Sebect page from printer..

4 import Map
|r|par! La_,uul ~

1] Task «

Al

297 mim x 420 mm

A3

297 rmim x 420 mm

Tabihoid
M =17

Tabloid
M 217

Feature Layer

b= S
[
Connections  Add
- Folder
A2

420 mm x 554 mm

A2

420 mvm x 354 mm

ANSIC

Labelmg Data

Polygon
Map Rotes

3 mam

[~
. 2
New Point Map Line Magp
Investigation Hotes Hotes
Al AD
534 mm x 841 mim B41 mm x 118
Al AD

534 mm x 341 mm

ANSID

ANSID

14
x 34

ANSI E

M add

ANSIE

M add

B41 mm x 1189 mm

i

Al ~

Se abrira una nueva pestafa con el nombre "Layout” en la ventana de visualizacion del mapa.
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8.2.4.2. Insercion del mapa configurado desde Insert > Map Frame

Project  Layout Ilnserll Analysis  View Imagery Share Help

| "y L (3] New Presentation ~ ] Import M, ) : y )
! o ew Presentation = | Imp ap + 5 a= 1 e & v ?‘q L3 | 1 l
Pl Fel ~  [is MNew Notebook Y import Layout v 3 i .
Mew New New  Uu Newloheoo ) Import Layo Connections  Add Mew Map Map Noh  Scale  Legend  Chast
Masp~ Llayout v Repont v i Toolbox v 5] Task v - Folder Investigation Frame « Sethes v Amow ~ Baw - Frame «
Praject Knowledge Geaph All
s - v x B o
Y | Search o _].:.J.;.._l.l.l_...l,.l.-..;.“'-.J, r
= 1 1
= r: = .
Drawing Order . | \
2 -4 Default Extent
4 [£4 Layout 1 1:08.485
4 Other
<None>

Definimos el area donde se visualizard el mapa haciendo clic, arrastrando para ajustar el
tamano y soltando para finalizar la insercién.

5] Layout X
o

0 50 NH]G [_- 200
o o Yo A T o I ) O 1 o ) A Y L T A Y O o i

250
T 0 el
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