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     1. World Global Challenges:  

     

Sustainable Development Approach  

and Disaster Risk Reduction 

 





 
 

 
 
Sustainable Development – General Comments 



Sustainable Development: 
 

 a set of the equal important aspects: 

 

- economic, 

- ecological,  

- technological,  

- social,  

- cultural,  

- ethical. 

 

 



The vision of disaster risk reduction:  

building resilience into sustainable development 

The six 

principles of 

sustainability  
www.colorado.edu/hazards/pu

blications/informer/infrmr3/infor

mer3c.htm  

 

S.Briceno, Nanjing, 2016 
 





U.N. Sustainable Development Goals 
(SDG’s) and indicators 
 





 



1-6 
POVERTY 
HUNGER AND FOOD SECURITY 
HEALTH 
EDUCATION 
GENDER EQUALITY AND WOMEN’S EMPOWERMENT 
WATER AND SANITATION 

7-12 
ENERGY 
ECONOMIC GROWTH 
INFRASTRUCTURE, INDUSTRIALIZATION 
INEQUALITY 
CITIES 
SUSTAINABLE CONSUMPTION AND PRODUCTION 

13-17 
CLIMATE CHANGE 
OCEANS 
BIODIVERSITY, FORESTS, DESERTIFICATION 
PEACE, JUSTICE AND STRONG INSTITUTIONS 
PARTNERSHIPS 

 

http://www.un.org/sustainabledevelopment/poverty/
http://www.un.org/sustainabledevelopment/hunger/
http://www.un.org/sustainabledevelopment/health/
http://www.un.org/sustainabledevelopment/education/
http://www.un.org/sustainabledevelopment/gender-equality/
http://www.un.org/sustainabledevelopment/water-and-sanitation/
http://www.un.org/sustainabledevelopment/energy/
http://www.un.org/sustainabledevelopment/economic-growth/
http://www.un.org/sustainabledevelopment/infrastructure-industrialization/
http://www.un.org/sustainabledevelopment/inequality/
http://www.un.org/sustainabledevelopment/cities/
http://www.un.org/sustainabledevelopment/sustainable-consumption-production/
http://www.un.org/sustainabledevelopment/climate-change-2/
http://www.un.org/sustainabledevelopment/oceans/
http://www.un.org/sustainabledevelopment/biodiversity/
http://www.un.org/sustainabledevelopment/peace-justice/
http://www.un.org/sustainabledevelopment/globalpartnerships/


 
 
 

 





 
SDGs global indicators 
 



February 2020: https://unstats.un.org/sdgs/iaeg-sdgs/tier-classification/ 
To facilitate the implementation of the global indicator framework,  
 
 
all indicators are classified by the IAEG-SDGs into three tiers based on 
their level of methodological development and the availability of data at 
the global level, as follows:  
 
 
 
 

https://unstats.un.org/sdgs/iaeg-sdgs/tier-classification/
https://unstats.un.org/sdgs/iaeg-sdgs/tier-classification/
https://unstats.un.org/sdgs/iaeg-sdgs/tier-classification/
https://unstats.un.org/sdgs/iaeg-sdgs/tier-classification/
https://unstats.un.org/sdgs/iaeg-sdgs/tier-classification/


Tier Classification Criteria/Definitions: 
 
Tier 1: Indicator is conceptually clear, has an internationally established 
methodology and standards are available, and data are regularly produced by 
countries for at least 50 per cent of countries and of the population in every 
region where the indicator is relevant. 
 
Tier 2: Indicator is conceptually clear, has an internationally established 
methodology and standards are available, but data are not regularly produced 
by countries. 
 
Tier 3: No internationally established methodology or standards are yet 
available for the indicator, but methodology/standards are being (or will be) 
developed or tested. 



All indicators are equally important, and the establishment of the tier 
system is intended solely to assist in the development of global 
implementation strategies. For tier I and II indicators, the availability of 
data at the national level may not necessarily align with the global tier 
classification and countries can create their own tier classification for 
implementation. 
 
Please note that Tier I and II indicators' metadata are available in the 
metadata repository. Tier III indicators require work plans to be 
developed outlining the methodological development of the indicators 
for approval by the IAEG-SDGs.  
 
 

https://unstats.un.org/sdgs/metadata/
https://unstats.un.org/sdgs/metadata/
https://unstats.un.org/sdgs/metadata/


Supportive acticity 
 
Pilot study of OECD "Measuring the distance to the 
goals of sustainable development". OECD-
Organization for Economic Co-operation and 
Development 
OECD And SGDs  
As part of the OECD Action Plan, a reporting 
methodology entitled "Measuring Distance to the SDG 
Targets" was developed in 2016, 2017 and 2019. 
 
Their aim was to assist Member States in 
implementing the 2030 Agenda for Sustainable 
Development. 



The measurement results gradually improve the overview of 
the strengths and weaknesses of the implementation 
process across the SDGs in individual countries and help to 
orientate in the complexity of the SDGs and to determine 
their priorities within the broad Agenda 2030. 
 
The reports aim to assist Member States in their 
implementation, measurement and prioritization of data for 
Agenda 2030. 
 
The first was a pilot edition of the report in 2016, the second 
and third were in June 2017 and May 2019 
(https://www.oecd.org/sdd/measuring-distance-to-the-sdgs-
targets.htm) 
 



The report uses a unique methodology for assessing the amount 
of work that OECD countries have yet to do to meet all the 
objectives of the SDGs. 
 
The procedure is based on the UN IAEG Global List of Indicators 
and uses publicly available data from OECD and UN SDG 
databases. 
 
The results are visualized using special graphs on the status of 
SDGs solutions in individual countries and allow their comparison. 
 
Trends since 2005 are assessed according to 76 indicators. 



The OECD measurement - distance to meet SDGs targets 

ČR 2017 

 

 

ČR 2019 
 





 
3. Main Supportive Data and Information Efforts 
 
 DBAR and U.N. GGIM: descriptions, commons 
and differences 
 

Digital Earth Alliance 



UN-GGIM 

• AIMS AND OBJECTIVES  
The United Nations initiative on Global Geospatial Information 
Management (UN-GGIM) aims at playing a leading role in setting the 
agenda for the development of global geospatial information and to 
promote its use to address key global challenges.  

 

•  UN-GGIM: Strengthening  

     the Global  Data Ecosystem 



 



In U.N. GGIM case G. Scott defined data needs for the 
2030 Agenda by following way (Scott, 2018): 
 
 „The scope of the 2030 Agenda requires high-quality 
and disaggregated data that are timely, open, 
accessible, understandable and easy to use for a large 
range of users, including for decision making at all 
levels.  
 
There is a need for a reporting system on the SDGs that 
would have benefit from the sub-national (local) to the 
national level; and allow for global reporting that builds 
directly on the data shared by countries.  



It is important to create an opportunity for countries 
to directly contribute to the global reporting.  
 
While the challenges are immense, the digital 
technology that is available today allows the 
necessary transformation.  
 
An aspiration is to strengthen countries’ national 
geospatial and statistical information systems to 
facilitate and enable a ‘data ecosystem’ that 
leverages an accessible, integrative and 
interoperable local to global system-of-systems.” 
 



Do we really understand the scale of the 

problems,  where they are, whom they 

impact, what are the causes,  and how 

they can be remedied? 



Do we have the data for 

development?? 
Can we make it ‘production ready’ 

information for all? 



Strengthening the Global Data 

Ecosystem 

Positioning geospatial information to address 

global challenges 





Integrated Geospatial Information Framework 
(IGIF)- part of UN GGIM 
 
The Integrated Geospatial Information Framework 
(IGIF) provides a basis and guide for developing, 
integrating, strengthening and maximizing 
geospatial information management and related 
resources in all countries. It will assist countries in 
bridging the geospatial digital divide, secure socio-
economic prosperity, and to leave no one behind. 



The IGIF comprises three parts as separate, but connected, 
documents:  
1) an Overarching Strategic Framework;  
2) an Implementation Guide; and  
3) a Country-level Action Plan.  
 
The three parts comprise a comprehensive IGIF that serve a 
country's needs in addressing economic, social and 
environmental factors; which depend on location information 
in a continually changing world.  
 
The Implementation Guide communicates to the user what is 
needed to establish, implement, strengthen, improve, and/or 
maintain a national geospatial information management system 
and capability. 
  
 
 

https://ggim.un.org/IGIF/part1.cshtml


The IGIF focuses on location information that is integrated 
with any other meaningful data to solve societal and 
environmental problems, acts as a catalyst for economic 
growth and opportunity, and to understand and take benefit 
from a nation's development priorities and the Sustainable 
Development Goals. 
 
 
Anchored by 9 strategic pathways, the Framework is a 
mechanism for articulating and demostrating national 
leadership in geospatial information, and the capacity to take 
positive steps. 
 
 





Ferdinand von Richthofen’s Map of the Silk Road in 1877. Source: 
http://www.silkroutes.net/orient/mapssilkroutestrade.htm 



The commercial weight of the New Silk Roads affected by the large regions in 
2014. Source: http://www.hellenicshippingnews.com/commodities-crash-
boosts-chinas-new-silk-road/ 



GUO Huadong-1:  
 
Scientific Big Data and Earth Big one 
 

As a branch of big data, SCIENTIFIC Big Data is a 

typical representative of data-intensive science. 
 
Scientific big data has a number of characteristics, 
including  
 
complexity, comprehensiveness, and global coverage, 
as well as high degree of integration with information 
and communication  technology.  
 



GUO Huadong-2:  
Earth science research, like atmosphere, land and ocean, 
has produced huge data-sets derived from satellite 
observations, ground sensor networks, and other 

sources. This is collectively called Big Earth data.  

 
It has features in common with scientific big data, but 
also has its own particular characteristics. …. 
as being massive, multi-source, heterogeneous, multi-
temporal, multi-scale, high-dimensional, highly 
complex, nonstationary, and unstructured. It provides 
support for data-intensive research in the Earth sciences  
 



GUO Huadong-3: 
 
 
Modern Earth science requires globally established, 
quasi real-time, all-weather Earth data acquisition 
capabilities, and has developed an integrated space-
air-ground observation system with high spatial, 
temporal, and spectral resolutions. (Guo 2017, p.9) 
 
 
 
 
 
  
 



 
 
 
Commons and differences 
 
between 
 
U.N. GGIM  and  DBAR 
 



 
At this moment it looks like that U.N. GGIM is 
mature project  connected with stabile 
governmental and public  infrastructures tending to 
solve SDG’s and Sendai DRR needs. Covering needs 
of civil society and its organization. 
 
DBAR has similar ambitious but coming mainly to 
the countries where SDI still was not fully developed 
according to Silk Belt and Road. 
 



DBAR is coming with new approach how to look  for 
and elaborate data mainly based on satelite images. 
 
There is still missing concept how deliver data to 
interesting  groups,  private sector and individual 
inhabitants. 
 
Different political systems and different data, 
information and knowledge policies; 
 



- In DBAR huge investments are coming which create 
hopes for fast improvement of situation, but data 
and information are only part of the all efforts, incl. 
DRR 

 
- In many countries are unappreciated geoinformatics 

and mainly cartography. Maps are created without 
knowledge how will be accepted by users (context 
and adaptive maps) and how information should be 
delivered for professionals and public ones. Very 
important in EW, DRM and DRR. 

 
 



Why U.N. GGIM contemporary leader? 
 
Reacting  and realizing  for needs of „normal“ people. 
 
Trying to solve SDG’s. 
 
But till now officially not calculating with activities 
comming from Silk Road  and Belt initiative, e.g. DBAR 
started by  International  Society of Digital Earth in 
cooperation with Chinese Academy of Science. 
 
New approaches, like VGI – volunteer geographic 
information more developed in UN GGIM …... 
 
 
 
 



FUTURE? 
 
 
 

It would be welcome if both approaches UN GGIM 
and DBAR, with commons and differences will 
develop together and  support by smart solutions 
the human society. 
 



New Initiative supportive for realizing of SDGs was announced on 
September 6 2021 in Beijing. 
 
The 1st International Forum on Big Data for Sustainable Development 
Goals (FBAS) is inviting scientists, engineers, policymakers and experts 
from diverse backgrounds from around the world for improved 
partnerships and networking towards collaborative and collective 
efforts in Big Data to support the SDGs 
 
Sessions, e.g.: Big Data on Earth supports SDG's multiple goals: 
tradeoffs and synergies  
 



Key objectives to discuss challenges in translating Big Data to information 
relevant to the SDGs and use of Big Data is: 
 
to enable science-informed policy and decision support.  
 
The Forum also marks the occasion of the inauguration of the 
International Research Center of Big Data for Sustainable Development 
Goals (CBAS), an important milestone for China’s commitment to facilitate 
global efforts in science, technology and innovation towards the UN’s 
Sustainable Development Goals. 
 



For additional information on the Forum please visit the 
official website at 
https://fbas2021.scimeeting.cn/en/web/. 
 



4. (National) Spatial Data Infrastructures 
 
 
In all contemporary Data and Information 
Efforts - SDI 



users 

institutional 

agreements 
 policy & 

 standards 

sources 

technology 

network    

Spatial Data 

Infrastructures 

Introductio

n 

Scope 

Metadata 

Framewor

k 

Future 

databases 

metadata 



GSDI Cookbook: 

“The term “Spatial Data Infrastructure” (SDI) 

is often used to denote the relevant base 

collection of technologies, policies and 

institutional arrangements that facilitate the 

availability of and access to spatial data.  

 

The SDI provides a basis for spatial data 

discovery, evaluation, and application for 

users and providers within all levels of 

government, the commercial sector, the non-

profit sector, academia and by citizens in 

general…. 

 

 



 
Geographic information is critical to promote 
economic development, improve our 
stewardship of natural resources, and protect 
the environment. Modern technology now 
permits improved acquisition, distribution, and 
utilization of geographic (or geospatial) data 
and mapping.  
(Executive Order 12906, April 11, 1994) 



(b) "Geospatial data" means information that 
identifies the geographic location and 
characteristics of natural or constructed 
features and boundaries on the earth. This 
information may be derived from, among 
other things, remote sensing, mapping, and 
surveying technologies. Statistical data may be 
included in this definition at the discretion of 
the collecting agency. 
 



(c) The "National Geospatial Data 
Clearinghouse" means a distributed network 
of geospatial data producers, managers, and 
users linked electronically. 
 



Why SDI ? 

Access and data sharing, Interoperability, Local Management, Portability. 

 

Build once, use many times! 



 
 

4. Development of Early Warning, Disaster 
Risk Management and Disaster Risk 
Reduction 
 



 
Although earthquakes and tsunamis can have horrific 
impacts,  
 
most disaster losses stem from climate-related hazards such 
as hurricanes, cyclones, other major storms, floods, 
landslides, wildfires, heat waves and droughts. 
 
Current evidence demonstrates that changes in the global 
climate will continue to increase the frequency and 
severity of climate-related hazards. 
 



 
The increases in costs of disasters are taking place in both 
developed and developing countries, which suggest that reducing 
the risks from hazards is not simply a matter of economic growth 
and development.  
 
There is a great shortfall in current research on how science is 
used to shape social and political decision-making in the context of 
hazards and disasters.  
 
These issues also highlight the need for more systematic and 
reliable information on such events. 



Development of Early Warning (EW), Disaster Risk 
Management (DRM) and Disaster Risk Reduction 
(DRR) Concepts 
 
1. Environmental, linked to finding the most appropriate 

environmental approaches to solve planet Earth problems.  
    
They are mainly oriented for concepts of sustainable 
development (SD). As a first important document mentioning 
also natural disasters in the Report on Approaches to Crisis 
Management Issues Related to Development UN 
environmental policies was created in United Nations 
Conference on the Human Environment, Stockholm, 5-16 June 
1972, (http://www.biblebelievers.org.au/gc1972.htm).  

 
      
2. Crisis risk management (early warning, disaster management and disaster risk 
reduction). The second line includes the Yokohama and Hyogo World Conferences 
(1994 and 2005), the Global Platform for Disaster Risk Reduction in Geneva in 2010 
and key concept of "U.N. International Strategy for Disaster Reduction" (ISDR – 
United Nations International Strategy for Disaster Reduction); another on is a concept 
developed in disaster risk research, which addresses the problem of natural and 
Human-Induced Environmental Hazards of IRDR (Integrated Research on Disaster 
Risk) (Konecny et al., 2010).  
 
 

http://www.biblebelievers.org.au/gc1972.htm


 
 
Later this approach was documented in United Nations 
Conference in Rio de Janeiro, 1992; Johannesburg in 2002 and 
many others. 
 



2. Crisis risk management (early warning, disaster management 
and disaster risk reduction).  
 
The second line includes the Yokohama and Hyogo World 
Conferences (1994 and 2005), the Global Platform for Disaster 
Risk Reduction in Geneva in 2010 and key concept of "U.N. 
International Strategy for Disaster Reduction" (ISDR – United 
Nations International Strategy for Disaster Reduction);  
 
another on is a concept developed in disaster risk research, which 
addresses the problem of natural and Human-Induced 
Environmental Hazards of IRDR (Integrated Research on Disaster 
Risk) (Konecny et al., 2010).  
 



 

 

Lessons from disaster management situations  

 

The World Conference on Disaster Reduction, Kobe from 
18-22 January 2005 





Priority Action 1: Ensure that disaster risk reduction is a 
national and a local priority with a strong institutional 
basis for implementation. 
 
Priority Action 2: Identify, assess and monitor disaster 
risks and enhance early warning. 
 
Priority Action 3: Use knowledge, innovation and 
education to build a culture of safety and resilience at all 
levels. 
 
Priority Action 4: Reduce the underlying risk factors. 
 
Priority Action 5: Strengthen disaster preparedness for 
effective response at all levels. 
 



Hyogo Declaration: 

it was recognized  that a culture of disaster 
prevention and resilience,  

and associated pre-disaster strategies, must be 
fostered at all levels, ranging from the individual to 
the international levels. Human societies have to live 
with the risk of hazards posed by nature.  



Key activities for realization of the topic in the field of 
National and local risk assessments were formulated:  
 
 Develop, update periodically and widely disseminate 
risk maps and related information to decision-makers, 
the general public and communities at risk in an 
appropriate format. 
 
 



J.Egeland about Early Warning (Hyogo): 
 
 - We need to go to the people at risk; to help them 
understand what is at stake, and to get them actively 
involved in the development of their early warning 
systems; 
 
- We need the political weight and commitment by 
governments, to protect their people with early 
warning systems; 
 

- And we need international support and funds to help 
countries develop their systems and be part of the 
global system. 
 



In the United Nations report the Global Survey of Early Warning 
Systems is summarizing that: 
„to be effective, early warning systems must be people-centered 
and must integrate four elements: 
 
-Knowledge of the risks faced; 
-Technical monitoring and warning service; 
-Dissemination of meaningful warnings to those at risk; and 
-Public awareness and preparedness to act.  
 
Failure in anyone of these elements can mean failure of the whole 
early warning system.“ 

 



Early warning is more processing oriented activity. 
 
Information and data coming from various sources are 
permanently handled, identified, interpreted, 
visualized and responsible persons or institutions can 
recognized which kind of dangerous situation can 
happen.  
 
These methods have been successfully used in EU, 
Czech Republic etc. for operational steps towards BSA, 
bird flu or flu epidemic. 





Response 
•Dispatching of resources 
•Emergency telecom 
•Situational awareness 
•Command control coordination 
•Information dissemination 
•Emergency healthcare 

Disaster Management Cycle 

Prevention and 
Mitigation 
•Hazard prediction and 
modeling 
•Risk assessment and 
mapping 
•Spatial Planning 
•Structural & non structural 
measures 
•Public Awareness & 
Education.. 

Preparedness  
•Scenarios development 
•Emergency Planning 
•Training 

Alert 
•Real time monitoring 
 & forecasting 
•Early warning 
•Secure &dependable telecom 
•Scenario identification 
• all media alarm 

Post Disaster 
•Lessons learnt  
•Scenario update 
•Socio-economic and  
environmental impact 
assessment 
•Spatial (re)planning 

Recovery 
•Early damage assessment 
•Re-establishing life-lines  
transport &communication 
infrastructure 

Disasters 



 
6.    Sendai Framework – The United Nations 
Conference on Disaster Risk Reduction (U.N. DRR) 



In Sendai framework, four new priorities of action are 
defined: 
 
Priority 1:  Understanding disaster risk;  
Priority 2:  Strengthening disaster risk governance to 
manage disaster risk;  
Priority 3: Investing in disaster risk reduction for 
resilience;  
Priority 4: Enhancing disaster preparedness for 
effective response and to “Build Back Better” in 
recovery, rehabilitation and reconstruction (United 
Nations General Assembly, 2015). 
 
 



Priority 1: 
Understanding disaster risk. National and local level 
(c) To develop, periodically update and disseminate, 
as appropriate, location-based disaster risk  
information,  
 
including risk maps,  
 
to decision makers, the general public and 
communities  
at risk of exposure to disaster in an appropriate 
format by using, as applicable, geospatial  
information technology; 
 



 
(f) To promote real time access to reliable data, make 
use of space and in situ information,  
 
including geographic information systems (GIS), and 
use information and communications technology 
innovations  
 
to enhance measurement tools and the collection, 
analysis and dissemination of data; 
 



Global and regional levels 
 
To achieve this, it is important: 
 
(a) To enhance the development and dissemination of 

science-based methodologies and tools to record 
and share disaster losses and relevant 
disaggregated data and statistics, as well  

 
as to strengthen disaster risk modelling, assessment, 
mapping, monitoring and multi-hazard early warning 
systems; 



 
 
 
6. Disaster Risk Reduction Sendai Targets and Global 
Indicators 
 



Resolution adopted by the General Assembly on  
2 February 2017 

[without reference to a Main Committee (A/71/L.54and Add.1)]  

71/276.Report of the open-ended intergovernmental 
expert working group on indicators and terminology 
relating to disaster risk reduction  
 
71/644 IV. Recommendations of the open-ended 
intergovernmental expert working group on global 
indicators for the global targets of the Sendai 
Framework for Disaster Risk Reduction 2015-2030 
and on the follow-up to and operationalization of the 
indicators (Global Indicators A-G, see next slides) 



 
Global indicators for the global targets of the Sendai 
Framework aim to operationalisate seven indicators 
(A-G).  
 
They have been selected and as well as related  and 
reflected to  the SDGs items no. 1 - Poverty, 11 – 
Sustainable Cities and 13 – Climate Action (Figures 1 
and 2).  
 



Seven Global Targets of Sendai Framework for Disaster Risk Reduction. Source: Policy 
Area Secure (2018). 
 



Goal 11. Make cities and human settlements inclusive, safe, resilient and 
sustainable 

• 11.1 By 2030, ensure access for all 
to adequate, safe and affordable 
housing and basic services and 
upgrade slums 

 
• 11.2 By 2030, provide access to 

safe, affordable, accessible and 
sustainable transport systems for 
all, improving road safety, notably 
by expanding public transport, with 
special attention to the needs of 
those in vulnerable situations, 
women, children, persons with 
disabilities and older persons 

• 11.1.1Proportion of urban 
population living in slums, informal 
settlements or inadequate housing 

 
 
• 11.2.1Proportion of population 

that has convenient access to 
public transport, by sex, age and 
persons with disabilities 



Goal 11. Make cities and human settlements inclusive, safe, resilient and 
sustainable 

• 11.3 By 2030, enhance 
inclusive and sustainable 
urbanization and capacity for 
participatory, integrated and 
sustainable human 
settlement planning and 
management in all countries 

 

• 11.4 Strengthen efforts to 
protect and safeguard the 
world’s cultural and natural 
heritage. 

• 11.3.1 Ratio of land consumption rate to 
population growth rate 

 

• 11.3.2 Proportion of cities with a direct 
participation structure of civil society in 
urban planning and management that 
operate regularly and democratically. 

 

• 11.4.1Total expenditure (public and 
private) per capita spent on the 
preservation, protection and conservation 
of all cultural and natural heritage, by type 
of heritage (cultural, natural, mixed and 
World Heritage Centre designation), level 
of government (national, regional and 
local/municipal), type of expenditure 
(operating expenditure/investment) and 
type of private funding (donations in kind, 
private non-profit sector and sponsorship) 



INTEGRATED MONITORING OF THE GLOBAL TARGETS 
OF THE SENDAI FRAMEWORK AND THE 
SUSTAINABLE DEVELOPMENT GOALS  
 
The Sendai Framework targets and indicators 
contribute to measuring disaster-related goals and 
targets of the 2030 Agenda for Sustainable 
Development of above mentioned SDGs.  
 
Outcomes are a product of complex and 
interconnected social and economic processes with 
overlap across the two agendas. 
 



Integrated Monitoring of the Global Targets of the Sendai Framework and the Sustainable 
Development Goals. Source: PreventionWeb (2020). 
 



 
 
Hazard Definition and 
Classification Review: 
Technical Report. 
 
United Nations, 2020 



 
 
7. Disaster Examples: hurricane Katrina, Fukushima nuclear 
power station disaster 



 
The impacts of natural hazards continue to increase around the 
world;  
the frequency of recorded disasters affecting communities 
significantly rose from about 100 per decade in the period 
1900-1940, to 650 per decade in the 1960s and 2000 per 
decade in the 1980s, and reached almost  2800 per decade in 
the 1990s. 
 
Hundreds of thousands of people are killed and millions injured, 
affected or displaced each year because of disasters, and the 
amount of property damage has been doubling about every 
seven years over the past 40 years.  
 



 
 
Hurricane  Katrina 
 
Video 



 
 
 

Successful 
Response Starts 
with a Map: 
Improving 
Geospatial 
Support for 
Disaster 
Management, NRC 
(2007)  
 
 

http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for
http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for
http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for
http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for
http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for
http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for
http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for
http://www.nap.edu/catalog/11793/successful-response-starts-with-a-map-improving-geospatial-support-for


Five major characteristics of disasters that make them 
hard to overcome (NRC 2007,….): 
1. Disasters are large, rapid-onset incidents relative to the 

size and resources of an affected jurisdiction. 
       ….if pre-accident data are available, geospatial analysis can 

provide important insight into the nature and extent of 
changes brought by disasters. 

2. Disasters are uncertain with respect to both their 
occurences and their outcomes. 

       …causal relationship between hazards and disasterr event is 
poorly understood and risks are hard to measure… 

       Geospatial models: predictions of locations, footprints, times, 
durations of events, the damage they may cause, so that 
jurisdiction can better prepare for them  

 



3. Risks and benefits are difficult to assess and 
compare. 

       … accuracy of risk assessmement…. 
       ..Geospatial data are invaluable in making the necessary 

assessments of the geographic distribution of risk and in 
estimating  the quality of each assessment. 

 

4. Disasters and dynamic events. 
      …human actions and natural forces…Response strategies 

has to be flexible and argues for the value of analysis in 
helping responders undesrtand and adapt to the changing 
conditions they face. 

      …..geospatial data and tools can help incident managers to 
visualize the event over time, track the activities of 
responders, and predict the outcomes of various courses of 
action. 



QUESTIONS: 
 
- How can we increase the resilience of communities to 
disasters-e.g. By adding levees, raising the elevation of 
the living floor in homes, or imposing zoning 
regulations? 
 
 

-How can we reduce the impact of disaster events, e.g. 
Through more effective  warning systems or better 
evacuation plans? 
 

 



 
-How can we most effectively provide assistance to 
those who have been affected – through development 
of a common operating picture and common 
situational awareness shared by all emergency 
responders or through better search-and-rescue 
procedures? 
 

Fig. 3.1. Emergency Management cycle. 
 





Relevant Actors 
 
1. Emergency managers and responders 
 
2.  Public sector geospatial support 
 
3. Geospatial Support from Universities and 
    the Private Sector 
 
4. International Activities 



Fig.3.1 Key Disaster-Related Functions by Level of Government and Phase-A 



Geospatial Data Needs 
 
-Ability to assess risk and resilience, 
 

-Pre-incident forecasts about hazard behaviour, likely 
damage, property vulnerability, and potential victims, 
 
-Decision aids to support recommendations for pre 
positionning resources and evaluation, 
 

-Timely, incident-specific locational information with 
respect to hazards, damage, victims,…including 
informationabout úeople and their needs, 
 



-Ongoing monitoring and evolving hazards, response 
efforts, and resource status, and 
 
-Insight into the interdependence and status of 
infratsructure components (energy, water, 
sanitation, road, communications,….security system, 
etc.) and  awareness of critical infrastructure and 
facility vulnerability and status (refineries, chemical 
facilities, hazardous waste sites, bridges,….. 
 

See Table 3.2 
 









Disasters 

Fukushima Earthquakes 
 
Fires: Russia, Australia, Greece, Portugal 
 
Floods: also Central Europe… 
 
Earthquakes: Japan, Chile, Turkey, Iran… 



 
 
 
 
Fukushima Earthquake and Tsunami 
 





Profile of the Earthquake 
ADRC News 217/2011 

 
Date and Time: 11 March 2011 at 14:46 JST (5:46 GMT) 
- Type of earthquake: Plate-boundary thrust-faulting 
earthquake on or near the Japan Trench subduction zone 
- Hypocenter: 130km off the Pacific coast of the Tohoku region 
(38°N, 142°E ), 24km depth 
- Magnitude: 9.0 (interim value, the largest in Japan) 
The areas hit by the Great East Japan Earthquake are known to 
be vulnerable to tsunamis, as they have experienced tsunamis 
in the past. A large inter-plate 
earthquake had been predicted for this region, with a 99% 
probability within 30 years, at magnitudes ranging from M7.5 
to M8.0.  



However the March 11 earthquake was much larger than 
predicted, at a magnitude of M9.0 and a rupture zone 
measuring 500 km long and 200 km wide.  
 
This was the fourth-strongest earthquake ever recorded 
in the history of the world. Some experts say that this 
kind of earthquake and tsunami occurs only once every 
thousand years. 
 
c.f. 1960 Chile Earthquake M9.5,  
1964 Alaska Earthquake M9.2,  
2004 SumatraEarthquake M9.2 



Tidel Tsunami 
 
Video New Tsunami 



Sunji Murai, 2011 



 
 
Kamaishi City, Iwate Prefecture constructed huge 
breakwaters 2km long, 20m thick, 8m above sea level 
and 65m deep, which have been registered as the 
deepest breakwaters in the Guinness World Records 
(see Fig.4a and 4b).  
 



Sunji Murai, 2011 



Sunji Murai, 2011 



Sunji Murai, 2011 



Sunji Murai, 2011 



 
We should have learnt the lessons that ‘hardware’ 
including very high breakwaters, cannot save people  
but  
 

we need to use ‘software’ including procedures 
for providing early warning and evacuation 
systems. 
 
Prof. Shunji Murai 
 
 



 
 
European Union Preparedness 
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Four main types of products:  

For headquarters,  

decision-makers  

and in-field 

operatives 

In Europe and 

worldwide 

Reference maps 

Assessment maps 

Thematic maps 

Early warning 



 

 
 
9. The Challenges of Geospatial Sciences (incl. Geodesy, 
Cartography, RS, etc.) 
 
 



The  Role  of  Geospatial  Sciences and Societies 
There are two world operating organisations of United Nations, 
the International Strategy for Disaster Reduction (U.N. ISDR or 
ISDRR) and the Integrated Research on Disaster Risk (IRDR).  
 
Activities of prominent World research organisations: 
Commission for Early Warning and Disaster Risk Management - 
International Cartographic Association - ICA (in 2004 resp. in 
2007 arranged by M. Konecny).  
The International Society for Photogrammetry and Remote 
Sensing (ISPRS) which started organisation  of GI4DM 
conferences (Sisi Zlatanova); last one was organized in Prague 
(Lena Halounova, Orhan Altan); Sydney – end 2020. 
The International Federation of Surveyors (FIG) which organised 
at the time of Working Week 2016 in Christchurch, New Zealand. 
First concept president Stieg Enmark (2008) 
 



  



Orhan ALTAN, Robert BACKHAUS, Piero BOCCARDO, Sisi ZLATANOVA (2010) 
 
ICA: KONEČNÝ, Milan - CARTWRIGHT, William. International Cartographic Association  
 
More books and proceedings: 
 
 
 





Major Challenges 
for Digital Earth 

• Big Data Management 

• DE Platforms implementation and  
construction 

• Developing an Ecosystem for DE 

• Addressing Social Complexities 

• Diversified curricula toward DE  
Education 

My present for you:  Manual of Digital Earth | SpringerLink 

https://link.springer.com/book/10.1007/978-981-32-9915-3
https://link.springer.com/book/10.1007/978-981-32-9915-3


The ICA Example: Sendai Framework Challenges 
ICA CEW&CM provided general concept to:  
 
Provide leadership in the development of concepts, 
ontologisation and standardisation for early warning, hazard, 
risk and vulnerability mapping.  
 
Promote the cartographic use of remotely sensed and other 
geospatial data for early warning and crisis management 
through scientic conferences, seminars and workshops. 
 
Investigate the psychological condition of end-user given by 
their personal character and situation and psychological 
condition of rescued persons (with support of ubiquitous and 
adaptive mapping). 



 

Foster quality mapping and cartographic modelling, including 
state-of-the-art visualisation technologies, geospatial 
processing and publishing tools, for early warning and crisis 
management through topic related publication activities. 
 
Participate and contribute to global initiatives in early 
warning and crisis management through the maintenance of 
a websites, newsletters and social network channels. 
 
Promote the development of dynamic and real-time 
cartographic visualisation concepts and techniques for 
enhanced operational early warning activities through active 
collaboration with governmental authorities. 
 



 
 

Establish and cultivate professional networks for the exchange of information 
among stakeholders in the domains of crisis management and early warning. 
 
Develop mechanisms of command and control systems integration as well as 
improve real-time data-centric intelligence based on  sensors for purposes of 
Crisis Management. 
 
Develop mapping methodologies and technologies for EW&CM in children 
perspectives. Promote the process of teaching, understanding and using maps 
for EW&CM in children aspects. 
 
 
 
 



 
10. Selected examples of research efforts: 
 
VGI, Dynamic Mapping, disaster management in agriculture 



Using volunteers and VGI for DRR and Crisis 
Management 
 
The main role of G.I. Science in DRR is creation, providing and 
sharing of spatial data and providing analyses of data.  
The development of electronics, networks, databases, data 
sharing brings new possibilities for data collection, 
management and providing.  
 
Big gap between technological and financial possibilities of 
developed and developing countries.  
 
The possible way how to bridge this problem is using of 
volunteers – both for disaster risk reduction and crisis 
management 



General concept of VGI (GIS Unit, Médecins Sans Frontières). Source: HOTOSM (2014). 
KONEČNÝ M. et al., 2020, Vol. 1, 8th Cartography and GIS Conference, Nessebar,… 
 



Example of using VGI data and open-access platforms are 
Humanitarian OpenStreetMap Team (HOT, 
https://www.hotosm.org/) and Missing maps project 
(https://www.missingmaps.org/). Both projects are deeply 
connected to each other. HOT is one of Missing Maps project 
founder.  
 
They are examples of connections and differences between crisis 
management and disaster risk reduction.  
 

https://www.hotosm.org/
https://www.missingmaps.org/


 

2019 

 
 
 
 
 
 
 
 
 
 
 
 

DYNAMIC MAPPING METHODS 
ORIENTED TO RISK AND DISASTER 

MANAGEMENT IN THE ERA OF BIG DATA 
Masaryk University and Nanjing Normal 

University Project  
 



Dynamic mapping for risk and crisis 
management in big data era 

China-Czech Intergovernmental Science and 
Technology Cooperation Project  2017.4-2019.12 



Goals 
Why Big data in disaster management? 

• The amount of data is constantly increasing. 

• Including data available for disaster management. 

The goal is a dynamic generation of maps from 

heterogenous data that will be used to support the 

solution of crisis situation. 

• Such amount of data is difficult: 

• to verify  

• to harmonise 

• to analyse 



Heterogenous data 
• Data from various Czech institutions and companies 

• Brno Municipality 

• Hydrological Directorate of the Morava river Catchment 

• Directorate of Road and Motorway Network in the Czech 
Republic 

• O2 mobile operator 

• Different topics: 

• traffic data  

• meteorological data 

• air quality data 

• hydrological data 

• localization of mobile phones  



Heterogenous data 

• Data collected by volunteers (VGI data) 

• Data verification needs to be solved 

• Different characteristics 

• Different density of sensor network 

• Different time intervals of mesurements  

• Different formats (CSV, XLS, XML, TXT…) 

• Different ways of data providing 



Results 

• VGI based system for collection of geodata  

• System of interactive map for disaster management  

• Cross-cultural cognitive testing for purpose of the 
disaster management 

• International seminars 



• For mobile phones 

• System of verification of 
collected VGI data 

VGI based system for collection of geodata 



System of interactive map for disaster 
management  

https://poster.sci.muni.cz/topics/drought/  

https://poster.sci.muni.cz/topics/drought/


• harmonisation of heterogenous data from various sources 

• different characteristics, different formats, different ways of 
data providing, different spatial and time resolution… 

• Heterogenous data are transformed to database structure 
inspired by ISO 19156 Geographic information – Observations 
and measurements. 

• Some values are pre-calculated (e.g. daily or monthly average) 
that will be used for subsequent data processing.  

System of interactive map for disaster 
management  



• Map compositon is prepared from harmonised data stored in  

     database. 

 

• Possibility of interactive exploration of data. 

 

• Set of time windows can be defined and aggregated values (e.g. 
averages) can be calculated. 

System of interactive map for disaster 

management  



System of interactive map for disaster 
management 

• https://poster.sci.muni.cz/topics/drought/ 

• prepared also for mobile phones 

https://poster.sci.muni.cz/topics/drought/


Adopted system of cartographic 
visualization 

• Topographic background 
- greyscale 

• Data types (different 
nature) 

• Measurements (simple or 
compound sign) 

• Observations (simple sign) 

 

• System of compound 
signs 

• Phenomena selected by the 
user 

PRIMARY  SECONDARY  

TERTIARY  …  

Phenomena:  



Anomalies 
• Anomalies in data are identified and visualised. 

• It allows identification of abnormal phenomenon 

which could trigger a crisis situation (e.g. extreme 

rainfall). 

• This is possible way how to deal with amount of Big 

data. 

• To identify values that are possibly important. 

• Anomalies are represented: 

• by color of symbols, 

• by red line in charts. 



Anomalies 

• Internal test environment using real project data exists: 

• https://poster-production-jupyter.aladin.sci.muni.cz 

1) choose station and characteristics 

2) test various detectors and parameters to detect 

anomalies 

• Luminol – library for anomaly detection and correlation – 

is used. 

• Actually detector of anomalies "LinkedIn bitmap" is used 

in system. But it can be changed, if analysis will show 

that other detector has better results. 

https://poster-production-jupyter.aladin.sci.muni.cz/
https://poster-production-jupyter.aladin.sci.muni.cz/
https://poster-production-jupyter.aladin.sci.muni.cz/
https://poster-production-jupyter.aladin.sci.muni.cz/
https://poster-production-jupyter.aladin.sci.muni.cz/


 

1) Detection of anomalies 

• e.g. using different detectors on different data 

2) Most of measured data are stored as time series. 
Sophisticated tools for time series analysis could be 
used. 

3) Analysis could be not only in time series but also in 
space. 

• e.g. interpolation 

4) System should be as maintenance-free as possible. 

Possible extensions of results 



SIEUSOIL PROJECT INTRODUCTION 

OGC technical meeting 
(Leuven, Belgium, 24/06/2019) 

Very first information 

Tomáš Řezník, Masaryk University 
(MU) 

This project has received funding from the 
European Union’s Horizon 2020 research and 
innovation programme under grant 
agreement No 818346 

www.SIEUSOIL.eu www.SIEUSOIL.eu 

www. SIEUSOIL.eu 149 

SIno-EU Soil Observatory for 

Intelligent Land use 

Management 



Horizon 2020 EU-China 
 
Call: H2020-SFS-2018-2020 
(Sustainable Food Security) 
Topic: SFS-38-2018 
Type of action: RIA 
Proposal number: SEP-210522327 
Proposal acronym: SIEUSOIL 



Monitoring of agricultural machines 

Geografický ústav, Laboratoř geoinformatiky a kartografie 2 

One farm of 1'000 ha generates 10 MB of sensor 
data per day 

http://home.zcu.cz/~jezekjan/wgl_git/examples/ap/


Geografický ústav, Laboratoř 
geoinformatiky a kartografie 

152 

Basic principles of satellite monitoring 

𝑵𝑫𝑽𝑰 =
(𝑵𝑰𝑹 − 𝑽𝑰𝑺)

(𝑵𝑰𝑹 + 𝑽𝑰𝑺)
 

bujná 
vegetace 

tráva 

žádná vegetace 



Geografický ústav, Laboratoř 
geoinformatiky a kartografie 

153 

3D vizualization 

http://ng.hslayers.org/examples/rostenice


Geografický ústav, Laboratoř 
geoinformatiky a kartografie 

154 

Cattle tracking 

• A true tailor-made solution 

bell (delivered by the farmer; 0, - €) 

elastic solar panels    
(80,- €) 

GNSS (GPS) receiver (120,- €) 

RFID chip (automatic 
check when passing 
through the enclosure; 
5,- €) 



GIFTS for students – Free Publications 
 

KONECNY Milan, BANDROVA Temenoujka, KUBICEK Petr., MARINOVA Silvia., STAMPACH 
Radim, STACHON Zdenek and REZNIK Tomas (2020) Digital Earth for Disaster Mitigation, 
pp. 495-526. In: Manual of Digital Earth Ed. Guo H., Goodchild M.F., Annoni, A. DOI 
https://doi.org/10.1007/978-981-32-9915-3, 2020, Publisher Name Springer, Singapore, 
Print ISBN 978-981-32-9914-6, Online ISBN 978-981-32-9915-3, , 
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations. 852 p. 
 
 
KONEČNÝ Milan, Temenoujka BANDROVA, Petr KUBÍČEK, Zdeněk STACHOŇ, Radim 
ŠTAMPACH, Jie SHEN, Irina ROTANOVA, Jan BRODSKÝ and Pavel ŠPULÁK: Strategies of 
Disaster Risk Reduction on The Background of U.N. GGIM and Digital Belt and Road 
Efforts, pp. 572-588. Proceedings Vol. 1, 2020, Nessebar, Bulgaria © Editors: Temenoujka 
Bandrova, Milan Konečný, Silvia Marinova. © Publisher: Bulgarian Cartographic 
Association. ISSN: 1314-0604. 760 p. https://iccgis2020.cartography-gis.com/proceedings-
vol-1/ 
  
  
  

https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations
https://link.springer.com/book/10.1007/978-981-32-9915-3#editorsandaffiliations


Present for my students: 
 
All book: 
 
https://library.oapen.org/bitstream/handle/20.500.12657/49450/9781
000402926.pdf 
 
 
My (our) Chapter: p.393-398 
 
 

https://library.oapen.org/bitstream/handle/20.500.12657/49450/9781000402926.pdf
https://library.oapen.org/bitstream/handle/20.500.12657/49450/9781000402926.pdf
https://library.oapen.org/bitstream/handle/20.500.12657/49450/9781000402926.pdf


 

 

DĚKUJI ZA POZORNOST 
 

BLAGODRJA!!! 

Köszönöm 

THANK  YOU 

SPASIBO 

Xie Xie 

RACHMED 

Muchas Gracias 

O Brigada 

Kammsa Hamida 

Aligator 

SHUKRAN 

 

 

 






