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Foreword

The Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, in accordance 
with its mandate, supports Member States in preparing for and responding to nuclear and 
radiological emergencies 1 affecting food and agriculture through activities centered on developing 
technologies and methodologies in response to such incidents.

Constraints in the management and visualisation of radioactive contamination data during a large-scale 
nuclear emergency can limit swift and informed decision making in restricting food and agriculture. 
Efficient response requires all relevant information to be collected and centralised, and that real-time 
maps of radionuclide geo-distribution are made available as soon as possible to stakeholders. Challenges 
related to (1) data management – handling high number of data points and avoiding human transcription 
errors, (2) geo-visualisation – illustration of spatial and temporal dynamics, and (3) decision  making 
– the urgent need for data analysis, can contribute to delayed response and potentially risk food safety. 
Furthermore, integrating the needs of multiple stakeholders, each with varying levels of conservatism 
and perception of food safety, remain an issue difficult to solve. 

Developments in IT-Decision Support System (DSS) tools and algorithms allow for improved, real-time 
management of large volumes of data and integrated decision-making support in a spatial and temporal 
context. However, comprehensive background information of these real-time data management and 
decision-making support tools are lacking. Thus, this publication aims to fill this gap. It presents 
the challenges of real-time data management, geo-visualisation and decision making, and two case-
studies of how IT systems can make a difference in nuclear emergency response in the context of food 
and agriculture. One of the case studies presented is by the Soil and Water Management and Crop 
Nutrition Laboratory of the Joint FAO/IAEA Division, and the other case study by Japanese Competent 
Authorities in the aftermath of the Fukushima Daiichi Nuclear Power Plant accident. 

This publication is undertaken by the Joint FAO/IAEA Division and produced for the Coordinated 
Research Project (CRP) D1.50.15 on Response to Nuclear Emergency affecting Food and Agriculture 
(2013–2019). The aim of this CRP is to develop innovative data collection, management and geo-
visualisation platforms that can be used both during routine monitoring and nuclear emergency 
situations. The target audience of this publication are all levels of decision makers, data analysts 
and technical-policy liaisons in agricultural related ministries and research institutes. This includes 
organisations in charge of nuclear emergency management focusing on food and agriculture safety as 
well as environmental health ranging from village, provincial, state, to national level.

This CRP was implemented with the collaboration of international experts from nine Member States, 
including Belgium, China, France, India, Japan, Macedonia, Morocco, the Russian Federation and 
Ukraine. The Joint Research Center of the European Commission and the Federal Agency for Nuclear 
Control of Belgium joined as observers. Close collaboration with the Incident and Emergency Centre 
(IEC) of the IAEA was also established during the CRP. 

The IAEA is grateful to L.K. Heng (IAEA), D. Haboudane (IAEA) and J. Van Orshoven (KU Leuven) 
for their kind review and invaluable feedback of the document. The IAEA officers responsible for this 
publication were A. Lee Zhi Yi and G. Dercon of the Joint FAO/IAEA Division of Nuclear Techniques 
in Food and Agriculture.

1 A nuclear or radiological emergency is defined as an emergency in which there is, or is perceived to be, a hazard due to: 
(a) The energy resulting from a nuclear chain reaction or from the decay of the products of a chain reaction; (b) Radiation 
exposure (IAEA, 2015).
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Summary

In a nuclear emergency affecting food and agriculture, radioactive materials may be released into 
the environment, contaminating soil, water, crop and agricultural produce. This contamination can 
subsequently enter the food chain and ultimately be ingested, representing a threat to human health and 
agricultural production. Timely intervention by decision makers 2 to prevent contaminated food from 
being produced or gathered relies on a clear understanding of the environmental conditions through 
speedy collection and clear visualisation of data. The data collected can then be used as inputs into 
decision support systems and provide for quantifiable justification of restriction actions. For small-scale 
nuclear accidents, this data can be easily managed with analogue methods or simple software due to its 
localised nature. However, large-scale emergencies produce high volumes of data that may transcend 
national boundaries and require proper data management and visualisation for decision making.

Improved data management, data visualisation, and decision making during a large-scale nuclear 
emergency can be achieved by embracing information technology (IT) systems. Current IT-based 
emergency response systems that are capable of the functions above are often custom-made in response 
to specific events. The rapid evolution of IT development approaches and the limited occurrence of 
large-scale nuclear emergencies result in systems becoming quickly obsolete. Additionally, the change 
in response needs in the aftermath of an emergency due to environmental complexity over time can 
further affect its usefulness. Hence, it is imperative to focus less on event-customised software systems 
and instead, prioritise the development of comprehensive yet adaptable emergency response systems.

An ideal IT system is anticipated to support analysis and visualisation of many data entries on 
environmental sampling as well as laboratory analysis results. Thus, it is a necessity for the software 
system to have a framework that supports large-scale data management through well-structured data 
architecture and modular visualisation features.

Data management in a large-scale emergency is crucial in ensuring an optimised response process 
as it is the basis that informs the decisions made. Rules by which data is collected, how it is stored, 
integrated and used (managed) within an IT system is referred to as data architecture and involves 
careful identification of input information into the data system. Pre-determining the crucial information, 
and careful assessment of relevance and value added from a decision-making perspective will allow for 
a system that is highly adjustable in time, scale, and scenarios for all levels of operators. In a nuclear 
emergency response, this information includes the type of samples collected, the sample collector’s 
task in the field, the protocol for collecting samples, and the laboratory analyses carried out. 

In addition to data management, data visualisation improves the response process by allowing 
stakeholders to manage sample collection and analysis progress, as well as inform decision making in 
planting or food restrictions. A comprehensive data visualisation system that produces visual summaries 
of spatial and temporal dynamics in large-scale nuclear emergencies will be useful in tracking progress 
of sample collection and analysis, as well as change in environmental conditions. With a visualisation 
system, decision makers can easily plot each step of the emergency response process from data collection 
(map presenting completion of sample collection or analysis), to data analysis/validation (radioactivity 
concentration/deposition maps) and decision making (utilising a food restriction dashboard). This will 
allow for intuitive as well as quantitative response to the accident.

This publication describes how data management and data visualisation optimises response processes 
and decision making in large-scale nuclear emergencies affecting food and agriculture. Chapter 1 makes 
the case for the existence of such IT-based response platforms, highlighting current challenges and 
guidelines for data management and visualisation. Chapter 2 presents a case study from Japan, focusing 

2 The term ‘decision maker’ in this document refers to the relevant competent authority with the jurisdiction to impose food 
and planting restrictions. This may include, but are not limited to, food safety ministries, organizations in charge of nuclear 
emergency management focusing on food and agriculture safety as well as environmental health.
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on several solutions developed by the Japanese Atomic Energy Agency during the response to the 
Fukushima Daiichi Nuclear Power Plant Accident. Chapter 3 presents the Decision Support System for 
Nuclear Accidents affecting Food and Agriculture (DSS4NAFA), a large-scale, cloud-based decision 
support system with data management and visualisation software components that was developed at the 
Joint FAO/IAEA Division.
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Abstract
Swift response to a large-scale nuclear emergency affecting food and agriculture involves the prompt 
identification of areas where production of food items is affected and prevention of contaminated 
products from reaching the consumer. This relies on effective data collection, registration, processing, 
usage and communication. Demands that may slow down the response can occur throughout the 
operational process. The impact of such challenging demands can be alleviated to some extent by 
using a comprehensive response system supported by well-designed Information Technology (IT). 
This chapter provides an overview of the challenges considered in building such IT based Decision 
Support Systems (IT-DSS). General characteristics of efficient IT-DSS systems are simple data flows 
and lean operational logic (Business Logic), coupled with modular data management and visualisation 
components. Three distinct categories are each considered: data management; data visualisation and 
decision support. Generic solutions are proposed for meeting the challenges posed in each of these 
three areas and these are followed by guidelines for constructing a comprehensive system capable of 
handling the identified challenges.

1.1 Introduction
A major component in managing the response to a large-scale nuclear emergency affecting food 
and agriculture is the efficient use of data. For the competent authorities, data management involves 
coordinating the prompt collection and analysis of samples, the analysis of data for decision making, 
followed by the communication of informed decisions. The requests for sampling and the subsequent 
information generated are all datasets that need to be comprehensive and relayed in a quick and simple 
manner. The exchange of data between the different parties involved in the response needs to take 
place in real-time during which an emergency occurs. Data management can become overwhelming 
with traditional methods of recordkeeping, which leads to an increased response time. However, 
management of large volumes of data can be achieved in real-time when integrated within an IT based 
Decision Support System (IT-DSS), as part of an emergency preparedness and response process.

Studies of past nuclear accidents at Chernobyl and Three Mile Island have pointed to the necessity of a 
structured DSS for use in nuclear emergencies (French, 1996). Challenges throughout any emergency 
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response process may slow down operations and disrupt the management and the implementation of 
counter-measures. For food and agriculture, this includes operations associated with the collection and 
analysis of data on radioactive contamination in food products and producing areas. Managing large 
amounts of multifaceted data, ensuring proper resource allocation, providing logistical support, and 
communicating risk to the public are a few of the key challenges that can be supported by using a 
comprehensive IT-DSS (Thompson et al., 2006).

In this chapter, an overview of the challenges that necessitate the building of these IT systems is 
presented in three major categories – data management, data visualisation and decision making. It also 
provides solutions for the challenges, in the form of guidelines on how to set-up data management and 
visualisation based on lessons learned from the IAEA funded Coordinated Research Project D1.50.15 
on “Response to Nuclear Emergency affecting Food and Agriculture”.

1.2 Data management
1.2.1 Challenge 1: Managing multifaceted data
During a large-scale nuclear emergency, information on radionuclide fallout and composition should 
be collected as soon as possible to ensure that decisions can be made in good time (e.g. controls and 
interventions if necessary) (Saito et al., 2015). To be thorough and when under pressure, the general 
tendency for response authorities is to send as many samplers as possible to as many sampling 
locations. Sometimes, this sampling may extend over a long period of time, resulting in a large amount 
of multifaceted data (environmental data with multiple attributes and spatio-temporal qualities (Kehrer 
and Hauser, 2013)  collected and exchanged, of which the sending and receiving is highly time-
consuming and resource intensive (OECD, 2000). Furthermore, samples collected and data provided 
by laboratories from different institutes and organisations each come with associated information with 
varying terminologies and analytical procedures (Jackson, 1998). As a result, managing these datasets 
become a challenge as they are often large, have multiple variables, and decision makers can easily 
become over-loaded and lose sight of the overall picture or lose track of how to best use the data 
to make informed decisions. Predetermining what data are needed to answer critical decision-making 
questions in food safety, and how these data relate to each other, can ensure that sampling (the initial 
data) are the absolute essentials and that the IT system will not be overloaded by unnecessary input 
and processing.

Decision-making processes should prioritise data based on its quality and ensuring the applicability of 
data to the decision-making process of concern (Cai and Zhu, 2015). In so much as is possible before 
an emergency, importance should be placed on the selection and processing of the most useful data. 
With many users, coupled with large amounts of sampling data that are heterogeneous both in structure 
and semantics, response systems can be easily overwhelmed when trying to accommodate a huge data 
influx and when filtering through the information that will assist in decision making (Hristidis et al., 
2010). Although the sampling and analytical data can be collected swiftly, its potential may not always 
be realised in good time because the data needs to be presented to decision makers in a helpful format, 
so that they may make use of the information efficiently (Schulz, Ortmann and Probst, 2012).What 
specifically constitutes as high-quality data is yet to be well defined (OECD, 2000) because there are 
thankfully few nuclear emergencies and each large-scale incident is unique. Ultimately it is up to the 
data-user to judge what constitutes quality (Jackson, 1998; Kasunic, 2011). Highly precise and accurate 
data on residual levels of radioactivity in food producing areas may be necessary long after a nuclear 
emergency, but in the very early stages of an incident, response time may dictate that less precise and 
less accurate measurements are perfectly acceptable. The development of an IT-DSS tailored around 
preconceived decision making needs to be backed up by well-defined dataflow and business logic can 
alleviate this data management challenge.

Before a nuclear emergency, authorities and response managers need to establish a clear understanding 
of what environmental and food sample data are needed to allow for useful decision making in permitting 
cultivation or implementing food restriction. Preparedness includes pre-determining, agricultural 
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production locations and methods, the types of food and soil type near a nuclear establishment, as well 
as on how, where and when to collect samples (including sampling protocols, the units of measurement, 
the sample collector’s tasks, and the laboratories needed). An emergency response IT system cannot 
substitute for a pre-prepared emergency response plan, what is desirable is a pre-prepared response plan 
coupled with an IT system that facilitates the implementation of the emergency response by being able 
to efficiently handle the data flow.

Business logic (BL) refers to actions, either simple instructions or complex algorithms, applied to 
selected data sets or a specific piece of information. Keeping the BL as simple as possible leads to a 
better decision support as it facilitates the proper display, storage, and modification of data in an IT-
DSS. The database model should be appropriately designed, and data entry applications need to have 
integrity tests in place, such as confirmation checks if a value entered seems invalid. If the data nature, 
type, and quantities are not pre-determined such that it is suitable for exchange, data sharing and the 
ensuing decision support process could be delayed (OECD, 2000). Hence, all data attributes needed 
for analysis should be completely and accurately defined for added-value in the decision-making 
chain.To handle the multifaceted data associated with nuclear emergency response affecting food 
and agriculture, it is recommended to (1) reduce the variability in data by prioritising quality of data 
through the careful selection of data that are truly critical for decision making, and (2) place emphasis 
on the development of well-defined and efficient business logic to process data and provide decision 
support. Through reducing the data footprint and defining data input for decision-making processes, 
theoretically up to millions of entries on sample data and laboratory analyses can be condensed into 
more manageable portions.

1.2.2 Challenge 2: Scalability and sustainability of the system
Other challenges in data management during large-scale nuclear emergencies affecting food and 
agriculture are scalability and sustainability. Scalability of the IT system relates to its ability to remain 
operational throughout various emergency scales and geographical locations. Meanwhile, sustainability 
of the system is concerned with keeping the IT system relevant and operational both short- and long- 
term. The latter is a cause for concern as many IT response systems take a lot of time to build but do not 
manage to last through time as users are not able to adapt the system to software changes and maintain 
its compatibility with newer IT operation systems.

Developing a data management system that is scalable yet consistent is a challenge that the database 
research community has been confronted with for more than two decades (Agrawal et al., 2010). At 
the most basic level, a scalable data management system should be built to support highly dynamic 
demands in resource utilisation requirements, such as allowing geographically dispersed users to utilise 
the system simultaneously, and sustaining performance over a large dataset (Agrawal et al., 2010; Kim, 
Pierce and Fox, 2012). However, most datasets, when not bounded to the confines of a single machine, 
are difficult to manage and even more challenging to relate. The solution proposed to deal with this 
scenario is to utilise a cloud-based platform when building the emergency response system.In terms of 
scalability, having the IT response system on a cloud-based platform allows for almost instantaneous 
adjustments in data capacity when faced with varying scales of emergencies. In the case where there 
are insufficient resources to accommodate data from a larger than expected accident, additional data 
storage space can be added on the cloud rapidly, as opposed to localised server systems, whereby the 
excess data can only be accommodated by addition of hardware, which may take time to install.

Secondly, to increase scalability and sustainability, it is recommended for the data load to be shared 
between the cloud-based database server and the response operator’s terminal. When data is called, 
the system should be developed to transfer a larger than necessary amount of data into the response 
operator’s computer, such that the system does not need to go back and forth to get data whenever a query 
change. A setup such as this allows for the databases to be efficiently utilised for the analyses needed.

The user interface can also be decoupled from the framework, and various modules can be combined 
and integrated in the system to run the specific tasks required, such as mobile applications for in-field 
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sampling, or a log map on the visualisation dashboard for logistical planning. No matter the scale of 
the accident, the response system is set up in such a way that the components can be easily substituted 
without affecting the background core modules.

In ensuring sustainability over time, the IT response system should be applicable and usable by various 
users. Deploying the system on a cloud-based platform allows for increased availability so that usage 
is widespread and maintained. To attract future contributors, it is also recommended for the system 
to be built on open-source software with a history of system stability and community of experienced 
developers. Should a Member State decide to modify the default IT system, there will be less technical 
challenges to overcome as assistance is easily available from the developer community, and information 
on emerging mechanisms, standards and protocols are easily exchanged.

1.2.3 Challenge 3: Transcription and input error
Past experiences in emergency response sampling have highlighted challenges in data transcription and 
input errors when sampling and data processing are performed manually. The current modus operandi 
of recording data in the field by hand writing is not only labour intensive, but also increases potential 
for mistakes in data processing as input is carried out iteratively until the data are in a uniform format 
and suitable for digital data analysis. In an example of data input challenges by Saito and Onda (2015), 
data recorded during field sampling after a nuclear incident were first manually collected (handwritten) 
on paper and later manually digitised (typed) into computers. Not only did the initial process consume 
a large amount of manpower and time, the correction of man-made mistakes in every step consumed 
further resources (Dion-Schwarz et al., 2016). It was also noted that there were many cases of mistakes 
in geo-referencing with manual input of GPS data, as the location values were being miswritten or 
wrongly transferred.

Challenges in collection of data for input also occur in the form of translation issues. For example, in 
Fukushima, locations and names of samples were assigned wrongly due to translational issues caused 
by the differences in spelling of the food products or locations’ name from the original language. 
Examples of these include spelling errors in phonetic translation of words that are not written in the 
Latin alphabet (G. Dercon, personal communication, 2017).

In high-stress environments where samplers and laboratory technicians are required to work long 
shifts to produce data, the reference numbers of samples are occasionally listed incorrectly, potentially 
leading to one registered ID for two samples, or even several IDs for one sample (G. Dercon, personal 
communication, 2017). The analysis process is then faced with the dilemma of deciding and clarifying 
which values belong to which samples. This is less of a problem with small deviations in the measured 
values, as it is the order of magnitude that counts. However, if the values are vastly different due to a 
potential hot spot (areas with anomalous amounts of radioactive contamination due to anthropogenic 
or natural causes), limited number of samples, or if the values are close to an intervention action level, 
this small uncertainty in value origin can influence whether a countermeasure is implemented or not 
(Lahtinen, 2006).

To avoid mistakes in input, translational errors and erroneous sample identification, an automatic mobile 
data collection application, usable both online and offline, paired with data management software can 
be used.

Past experiences in radiological emergency response have resulted in the development of data 
collection software paired with mobile devices to improve data collection and management (Saito and 
Onda, 2015). The mobile device could be easily brought to the field and allowed samplers to input 
radiological data onsite, as well as to perform automated GPS data collection. Data was then uploaded 
to a data collection server through a cellular phone network (Saito and Onda, 2015). Compared to 
the previous methods of recording by hand writing, this system drastically reduces mistakes and was 
less resource-intensive both in manpower and time (Rahm and Do, 2000; Saito and Onda, 2015). 
Automatic geo-referencing using Global Positioning Systems (GPS) on mobile devices, paired with 
time stamps of when each step is performed, from sample collection to laboratory processing, can be 
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collated onto the data aggregation system such that the decision makers can have a good overview of 
the process and reallocate logistics as required. In addition, spatio-temporal maps can be created using 
the collected data.

For data to be usable it is important that there is quality control. Hence, the mobile data collection 
application should provide formatting constraints and validation checks to ensure that input typos and 
translational errors are reduced as much as possible. Some possibilities for this are by the automatic 
production of unique IDs for each component of the sampling task, and by pre-determining the 
translated Latin spelling of the location’s name.Implementing barcodes into the sampling process have 
proven to be useful for better sample management, eliminating the need to list sample IDs by hand, 
hence mitigating errors and saving time (Copp, Kennedy and Muehlbauer, 2014).Warning levels for 
data inputs can be placed such that, should there be any input anomalies detected by the data collection 
application, error messages can be used to alert the sample collectors or laboratory technicians to double 
check measurement values. With a system that defines the structure and form of the data required, all 
data collected are properly validated, and while optimising the methods of registering data.

Special care should be taken in preventing the loss or mix-up of information as the data travels from 
the field and laboratory to the decision-maker’s desk. Consolidating data on web-based applications can 
ensure timely deliverance of data and provide version control of datasets (Bentz, Blumenthal and Potter, 
2014). As much as possible, information should be transmitted and synced from a wireless networking 
system to a data aggregation system once it is created. In the case where this is not possible, data should 
be stored in the mobile recording device and uploaded to the central database platform as soon as the 
wireless system is available.

1.3 Data visualisation
A study by Danielsson and Alm (2012) on the usability of decision support systems in emergency 
management pointed out that data visualisation, through the provision of a visually concrete overview 
of the incident, plays an integral role in the decision-making process. Thus, priority should be given to 
development of data visualisation in a system. In this chapter, we discuss the challenges and solutions in 
effective spatio-temporal illustration of datasets, public communication and representation of historical 
decision actions.

1.3.1 Challenge 1: Illustration of spatial and temporal dynamics
A well-executed sample collection campaign loses its purpose in emergency response if the data 
collected is not meaningfully analysed and presented to stakeholders (Bentz, Blumenthal and Potter, 
2014). In decision making, a map can be extremely helpful in illustrating current outlooks and the 
different options available and should be presented in the simplest and most effective way possible. 
However, issues remain on how IT systems can incorporate time, location, and measurement information 
for many data points into a simple format that decision makers can easily understand.

Integration of a Geographic Information System (GIS) in the IT response system is an efficient way to 
present a large volume of spatio-temporal data as (1) it can be paired with a relational database through 
an associated set of attributes (hence accommodating a large set of data) and (2) it contains complex 
analytical capabilities such as data extraction by attributes, overlays, aggregations of map units, and 
proximity analysis (Best, Doyle and Mueller, 1998; Cova, 1999; Johnson, 2000; Thomas, 2018). When 
the database is paired with a GIS software, data points are georeferenced and time-based, and the 
visualisation dashboard module can provide time and spatial evolution of samples collected. With this, 
a histogram of the sample data can be produced, helping decision makers to determine if more sampling 
information is needed for better understanding of the emergency.

As decisions in an emergency need to be made in a swift manner, data visualisation should be performed 
rapidly. Large sets of data with too many data points will cause an overload of visualisation resources, 
resulting in unnecessarily slow processing of maps, preventing users from experiencing interactive 
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analyses and projecting various scenarios which can lead to better decision making. Hence, it is critical 
that the IT system be set up in such a way where data of all types can be readily compiled into a 
common format to produce maps. For quick implementation, Best, Doyle and Mueller (1998) suggests 
that base layers of the maps to be pre-processed. In the case of food and agriculture, base maps with 
the targeted crop product can be presented as overlays so that it will not overburden the IT system and 
allow for interactive analysis of the decision maker.

Finally, care should be taken in scalability of visualisation, as overcrowding of data points on the map 
should be avoided. When there are too many data points on a map, decision makers may find it difficult 
to pinpoint hotspot areas or food product targets amidst the deluge of data, resulting in ineffective 
response actions for food and agricultural protection.

To reduce the overload of maps, data can be presented as symbols and simplified forms. An example 
of this would be data points summarised as polygons. When one zooms in and out of the map, the 
recalculation at every zoom level will prevent data overcrowding as each polygon will always remain 
constant in size, relative to the presentation map resolution on the screen. The recalculation of 
every zoom level will be very useful for decision makers as they should make decisions for various 
administrative/zoom levels, ranging from national, to state, to municipal and village level.Query 
functions can further reduce overwhelming data; these can be divided into categories such as time, 
location, and data type (for example, meat, milk and eggs). Also, it is of importance for data to be 
represented in default, easy-to-understand color-coded palettes for different radiation levels, such that 
decision makers do not have to spend time deciphering different customised colour schemes.

1.3.2 Challenge 2: Avoiding information overload in Public 
Communication

During each emergency, there is a need for well managed risk communication strategies to the public. 
As with decision makers, data presented to the public should be clear, concise and uncomplicated. 
Maps provided should maintain consistent colours and symbols to increase the at-a-glance information 
content (Meyer et al., 2011) and that users may extract information quickly and accurately (Dransch, 
Rotzoll and Poser, 2010).

An IT visualisation module can be very useful in providing more interactive options in information 
presentation (Dransch, Rotzoll and Poser, 2010), but utmost care should be taken such that the data 
visualisation does not overwhelm the reader, leading to a potential situation that will raise unnecessary 
concerns or stigmatisation. In utilising maps as a tool to assess and communicate the spatial distribution 
data, the key objective should be in improving awareness and understanding, but not in alienate and 
incite stigmatisation of a location. The decision maker should be provided with the ability to control the 
resolution of information provided to the public, with advanced statistical tools such that uncertainty 
and confidence intervals can be used to complement the data shown.

Additionally, IT visualisation systems can assist in building awareness on the evolution of the 
unfolding incident by allowing for review of past decision actions. Information on historical decisions 
and restrictions should be kept such that awareness on the evolution of a situation can be reviewed, 
and future progress can be made without delay (Meyer et al., 2011). Information on when and where 
restrictions are, as well as how effective remediation initiatives were will be useful information for 
decision makers, as well as external public and scientific organisations.

1.4 Decision making
The final section of this chapter discusses challenges in decision support, and how IT response systems 
can alleviate issues in food restriction decision planning, in resource allocation and logistical support, 
and in accommodating to risk limits of decision makers.
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1.4.1 Challenge 1: Bringing together multiple decision makers from 
varied backgrounds

Often in an emergency, since there are no common platforms for communication of the decisions made, 
difficulties abound in validating data in one database and collecting them in a single platform (Dobrynin 
and Khramtsov, 1998). As a result, information silos are inadvertently produced not only within 
organisations but also between authorities in village, municipal, urban and national levels. The solution 
to this challenge is to set up an IT-DSS that allows for a single-entry point for multiple stakeholders in 
communication and coordination. A system that is well built in this way will allow authorities such as 
task managers, be it village, municipal, urban or national level, to view and follow up on progress of 
sample collection, analysis and proposed and enforced food restriction.

The system should be set up such that it is a multi-stage collaborative process involving data collector, 
laboratory analyst and IT administrator, led by task managers, to inform food control and safety expert 
in decision making. An example such a system would be a food restriction dashboard that collates all 
information (sampling status, laboratory analyses, and restriction levels) into one platform.

1.4.2 Challenge 2: Decision making
A decision makers’ level of risk allowance differs depending on political and economic background and 
pre-existing level of knowledge on radionuclide radiation. When emergencies occur across national 
boundaries, leeway should be given to accommodate the varying levels of conservatism and perception 
of food safety for multiple governments.

The solution to this, from an IT point of view, is to include built-in statistical tools with agricultural 
considerations. This allows the system to be able to display different suggested actions based on 
threshold values established by the user, and adjustable confidence intervals of the data so that each 
decision made can be based on risk level.

The decision planning process can then be presented on the food restriction dashboard, which presents 
information in a way that reduces cognitive load of decision makers that may generate a bottleneck in 
the decision-making process (Meyer et al., 2011). Adjustable ‘Digital knobs’ are also proposed to allow 
for decision maker to assess consequences of possible decision strategies. Note that technology is not 
meant to be a substitute for the knowledge domain of trained emergency management experts.

1.4.3 Challenge 3: Resource allocation and logistical support
The process of optimising resources, both for sampling (sample collectors) and analysis (laboratories) 
tasks presents a unique set of dynamic challenges in time and human resource management for decision 
makers. To manage the emergency response well, a decision maker should identify the progress of task 
allocation, sample collection, and analysis, depending on the number of samplers and laboratories one 
has. Thus, it is imperative for emergency response organisations to accommodate greater flexibility 
in task allocation and to be prepared to improvise during response activities. Mendonça, Beroggi 
and Wallace (2001) stressed the importance of gaining an overall picture of the incident so that the 
most pressing issues can be highlighted, and resources can be reallocated to the processes with the 
highest needs.

An IT system driven by semi-supervised or manual allocation of data collection tasks will alleviate the 
logistical know-how otherwise burdened on the decision maker to manage this smoothly. For example, 
during an emergency, the IT system can suggest several pre-determined sampling protocols, recommend 
sampler collectors needed as well as laboratory facilities in charge of each sampling location based on 
closest resources available to the sampling site.

For an overview of the response process, a log map, whereby the status of the task assignment, sample 
collection, laboratory analysis is displayed, can be used to keep track of the sampling status, and allow 
for resources to be reallocated based on need. The system will also be flexible enough such that it will 
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allow for human intervention, based on management and intuition, should there be incomplete or vague 
sources of data present.

1.5 Conclusion and outlook
Efficient data management during a large-scale nuclear emergency affecting food and agriculture 
can increase response efficiency of decision makers, ensuring food safety of the affected population. 
Modern IT-DSS can be used to alleviate some of the challenges in data management such as the input 
of large amounts of multifaceted data and reducing translational and input error. In accommodating for 
sudden influxes of data, it is important to have data of high quality paired with well-defined dataflow 
and business logic. The quality of data is determined by its accuracy, usefulness in decision making, 
and timeliness. Meanwhile, dataflow and business logic should be established before the development 
of the IT-DSS. The usage of mobile technologies, in data input, validation and automatic collection of 
spatio-temporal values, will be useful in reducing manpower and mistakes.

Effective data visualisation allows for stakeholders to assess the real-time situations visually and project 
potential outcomes of response actions, leading to better informed decision. Maps produced by data 
visualisation also facilitate risk communication between decision makers and the public. Challenges 
in displaying large amounts of spatio-temporal data can be alleviated with advanced GIS software and 
map overlays that do not burden the IT-DSS. Aggregating data values and using default colour palettes 
on the interactive map prevents overcrowding of data that will overwhelm both the decision maker and 
citizens. Finally, being able to visually present historical data of a location is helpful as it allows for 
analysis of effects of past decision actions.

Usage of IT systems, in addition to managing and visualising data, can also be used in decision 
support. Centralising tasks and systems by setting up a single-entry point for multiple stakeholders 
in communication and coordination can unify decision makers from all levels of administration, and 
even alleviate disconnects within the organisation itself. Suggested restrictions on food and agriculture, 
based on threshold values and action levels determined by the decision makers can accommodate 
for varying levels of risk allowances. Finally, an IT-DSS can streamline and optimise resources in 
emergency response through flexible task allocations. This allows for the decision makers to be freed 
from the burden of logistical complexities such as sampler and task allocation, and instead allow them 
to focus on what truly matters – ensuring food safety of the affected population.

IT response systems contribute to solving challenges related to data management, data visualisation and 
decision making. While it is not an answer to all problems during an emergency response operation, 
a well-built IT-DSS can nevertheless be used as a support tool for more comprehensively informed 
decision making. With IT-savvy millennials, the focus on response technologies has extended from 
governmental or organisational led initiatives to citizen science, mobile technologies and social media.

In recent years, the evolution of users’ approach to the internet and advancements in information 
communication technologies have brought about an increase in content created by citizen scientists. The 
motivation is usually concern for personal health and safety, and the actions are always performed on 
a voluntary basis. Due to the lower technical barriers, data can be collected by untrained professionals 
using simple measuring tools and aggregated onto an online platform, whereby the data can be shared, 
and results can be visualised. While this initiative is foreseen to play a big role in emergency response in 
the future, care should be taken when involving this initiative into response operations. Data should be 
thoroughly validated beforehand as citizen samplers may not be equally trained and the data collection 
strategy may not be standardised, and measurement tools not calibrated.The advantage of citizen 
science lies in its appeal to the masses by involving the public. It also bears the upper hand of being 
able to collect large quantities of data, which can one day play a major role in big data trend analysis.

Previous experiences with information asymmetry in emergency response have unfortunately created 
an environment whereby citizens are distrustful of decision-making stakeholders (IAEA, 2015). 
However, a good balance between public consultation and governmental involvement in decision 
making might prove to be an invaluable tool in rebuilding trust and managing perceptions towards 
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governmental authority (IAEA, 2015). To continue being relevant, it is imperative for governments 
and response organisations to understand the implications of this changing social landscape and work 
towards building a mutually beneficial relationship for the future.
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Abstract
Challenges faced while responding to a nuclear or radiological incident provide opportunities to improve 
the functionality of available response tools. This chapter describes three case studies of the Japanese 
Atomic Energy Agency’s response to the Fukushima Daiichi Nuclear Power Plant accident from the 
perspective of information technology. Difficulties in data validation are presented in the first case 
study. For large-scale incidents, automatic data sampling and on-the-spot data validation were found 
to be effective in reducing human errors and minimising the workload required to ensure data quality. 
The challenge of consolidating scattered data with heterogeneous format is addressed in the second 
case study. Different input conventions and lack of links between organisational datasets hampered the 
data comparison process. Homogenisation of datasets through adoption of a standardised international 
format and creation of a data repository increase the data re-usability. High volumes of data prevent 
interactive analysis and increase misinterpretation. The third study shows that a mechanism to control 
the level of information detail is effective to facilitate the understanding of the feature from a large 
amount of monitoring data. The knowledge gained in these case studies will be helpful in building a 
comprehensive and unified system for future emergency response initiatives.

2.1 Introduction
The Fukushima Daiichi Nuclear Power Plant accident released radioactive material over a vast area 
encompassing a wide range of land uses from urban settlements to farmland and forests. To support 
appropriate decision making during the related emergency response, intensive environmental 
monitoring was conducted (Andoh et al., 2015; Saito et al., 2016; Matsuda et al., 2015; Mikami et al., 
2015a, 2015b; Ohara and Miyahara, 2016; Onda et al., undated; Saito et al., 2015; Saito and Onda, 
2015; Sakaguchi et al., 2015; Sanada and Torii, 2015; Takahashi et al., 2015; Yoshimura et al., 2015). 
Data on radioactivity in air, soil, water and food were collected from the field, analysed and visualised 
to transform the monitoring results into a more understandable form. Finally, the necessary information 
was provided to decision makers and stakeholders.

Delivering the response in a timely manner was found to be difficult, due to challenges in data 
management and visualisation. For example, efficient data collection and data validation were a problem 
in the field monitoring phase. The number of measurement data increased rapidly, because hundreds of 
field workers were distributed over the affected area and conducted the monitoring in parallel. It was 
very difficult to keep the quality of such large amounts of data. Primary causes of errors were human 
mistakes. For example, misspelling was found in the address data. Latitude, longitude and date records 
were sometimes written in a different format than the predefined ones. To keep the information quality 
high, erroneous data had to be detected and removed, often manually, from the large datasets.



12

Visualisation of large volumes of data was a problem in the data provision phase. Presenting large 
numbers of data points on maps resulted in a long processing time, which often prevented decision 
makers from interactive operation. Additionally, visualising data in an easily readable way, while 
adhering to the display or map resolution was found to raise the possibility of accidental masking of 
important information.

Managing these amounts of complex monitoring data was additionally challenging as they were 
measured by different organisations. Many of these organisations conducted the monitoring and 
disseminated the results to the public. However, the data formats used were different for each 
organisation, which makes it difficult to manage and reuse the data.

In this chapter, the data management and visualisation challenges encountered during environmental 
monitoring after the Fukushima Daiichi Nuclear Power Plant accident, are presented as three case 
studies. The use of state-of-the-art information technology to solve these problems and lessons learned 
are described.

2.2 Case study 1: National radioactivity mapping project
2.2.1 Overview of the national radioactivity mapping project
Until present, the national radioactivity mapping project aims to acquire reliable and detailed 
information on the distribution of radioactive substances for evaluating the impact of the Fukushima 
Daiichi Nuclear Power Plant accident accurately and taking appropriate countermeasures (Saito et al., 
2016; Saito and Onda, 2015). The project has been initiated by the Ministry of Education, Culture, 
Sports, Science and Technology (MEXT) immediately after the accident and is currently run by the 
Nuclear Regulatory Agency. 

The currently ongoing project assists in investigating the spatio-temporal distribution of radioactive 
substances on a yearly basis. Measurements of air dose rate and deposition density of radionuclides in 
soil are carried out to understand the distribution of radioactive substances in the terrestrial environment, 
especially but not exclusively in the residential areas (Mikami et al., 2015b; Saito et al., 2015). 

Car and walking surveys with the aid of the KURAMA1 system (Andoh et al., 2015; Tanigaki et al., 
2015) as well as air-borne surveys using unmanned helicopter are carried out to measure the air dose 
rate (Sanada and Torii, 2015). Deposition density of radionuclides is analysed through laboratory-based 
High-Purity Germanium detector measurement of soil samples or in-situ gamma-ray spectrometry 
(Mikami et al., 2015a). Additionally, depth profiles of radionuclides are investigated by collection of 
soil samples using scraper plates (Matsuda et al., 2015).

The mapping project is one of the largest environmental monitoring campaigns implemented after 
the Fukushima Daiichi Nuclear Power Plant accident. The target area covers not only the Fukushima 
prefecture but also ten neighbouring prefectures, with a total monitoring area of approximately 
6400 km2. Air dose rate measurements at thousands of fixed points, car surveys covering tens of 
thousands of kilometres, soil sampling exceeding 10 000 points, and depth profiling at 84 points, have 
been carried out until present.

2.2.2 Lessons learned
The major challenges related to information management and visualisation in the national radioactivity 
mapping project were data collection and validation. The first surveys started immediately after 
the accident happened, well before the deposited Iodine-131 (131I) would completely decay. Over 
400 experts from more than 90 organisations participated. At the start of the sampling campaign, 

1 KURAMA (Kyoto University Radiation Mapping System) is a compact gamma ray survey system developed by Kyoto 
University. It consists of a CsI detector, GPS sensor, and a network interface.
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measurements were carried out by a maximum of 30 teams in parallel. Soil was sampled at five to six 
locations each day. Air dose rate was also measured at each soil sampling point. 

Monitoring results were recorded in handwriting and converted into tabular digital data at the end of 
each field day. During the intensive measurement period, the next monitoring schedule was planned the 
day before, and each measurement team received paper maps indicating the planned sampling locations. 
When the sampling point did not satisfy the measurement condition (for example, no flat area around 
the point, no pathway to the point due to the destruction by earthquake), measurement was carried out 
at a different location. However, ad hoc changes were recorded on the paper map by hand.

Data validation was performed after all the measurements were completed, using the following 
procedures. Firstly, two data administrators visually checked the consistency of handwritten data. Next, 
the handwritten data was digitised and compared with the tabular digital data by using a computer. 
Finally, measurement points were displayed on an electronic map using Geographic Information 
Systems (GIS) and the validity of the measurement point was confirmed by visual comparison with the 
paper map created at the time of measurement.

As a result, many omissions and wrong descriptions were discovered. There were no omissions regarding 
measurement results such as air dose rate. However, there were many omissions in supplementary 
data such as address of the measuring point, information on the measuring device (e.g. device model, 
calibration constant). Positional information such as latitude and longitude, decimal and hexadecimal 
notations were often mixed up because the data format was not clearly defined beforehand. 

To complete omitted data, it was necessary to cross-check thousands of handwritten data sheets. 
Correcting the positional data required even more time, since there is always the possibility that 
the measurement point has been changed. After all, it was necessary to spend eight man-months for 
validating data measured in the first survey.

To solve these problems encountered in the first survey, a field data collection support system was 
developed for the second survey, which started in December 2011. As depicted in Fig.1, the system 
was designed to link field workers with data administrators through a client-server system. The client 
system is built on a tablet and used by field workers, while the server system is operated by a data 
administrator at the base camp. 
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Figure 1. System configuration of a field data collection support system. The system consists of a client and a server 
component. The client system is implemented on a tablet and is used to record a measured data by a field worker. The 
record is transferred to a server system at the base camp through a network immediately. When the data manager validates 
the data, it is registered in the data management system.
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Information such as measurement plan, device information and address of measurement point were 
entered into the server system at the base camp before measurement and then distributed to the client 
system. Additional information such as date and position were filled automatically by the clock and 
GPS functions in the tablet. As a result, the number of data items to be entered and possible errors made 
by the field workers was reduced significantly.

Fig. 2 shows the snapshots of data collection support system. During the measurement process, the 
client system shows both the current location and the planned point on the digital map using a GPS 
function. The field workers can then intuitively judge whether their current position is on the planned 
point or not. This function is effective in navigating field workers to the planned point more precisely 
than paper maps. 

As soon as the field worker completes each measurement and enters the data to the client system, data 
omission is checked by the client system before sending the data to the server. If the client system finds 
a data omission, it prompts the workers to enter the data on the spot. The client system also checks the 
format of each data and points out if the data entered does not follow pre-established format or content 
requirements. After the data validation from the client side, measurement results are transmitted to the 
base camp from the client system through a network. The data is also checked on the server system 
in case of errors during the time of data transfer. These functions implemented on both the client and 
server sides shorten the time otherwise spent on checking and validating the data.

To support the data check in the server side, the server system shows measurement results of 
neighbouring points, results measured previously at the same point, as well as the current measurement 
results. The data administrator can check the measurement data by comparing it with these reference data 
points. When the measurement data seems inappropriate, the validity of a measuring point is confirmed 
by a snapshot data around the measurement point, sent with the measurement data from the client 
system. In the case whereby a sampling point was not appropriately selected as per recommendation, 
or seems to be disturbed, for example, by decontamination activities, the data administrator can assign 
field workers to measure again at a different place.

By using the system for field measurement, the time required for data collection was greatly reduced 
and the number of inappropriate data was also drastically reduced.

Figure 2. Screen shots of a field data collection support system. The left figure is the display sample of a client system, which 
shows a navigation map and a data input table. The navigation map shows a measurement point as a pin icon and a current 
location as a circle. The data input table is used to record a measured result. The right figure is the display sample of a server 
system. It consists of a data table (upper left), position map (upper right), and a photograph list. 
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2.3. Case study 2: Construction of an environmental monitoring 
database of the Fukushima Daiichi Nuclear Power 
Plant accident

2.3.1 Overview of the environmental monitoring database
To support decision making immediately after the Fukushima Daiichi Nuclear Power Plant accident, 
many environmental monitoring data was provided by various organisations. Each published their 
datasets with their own data input conventions and provided the information as a PDF document.

Publishing data from different organisations caused data scattering on the network. As a result, it became 
difficult to identify the location of monitoring data. In addition, data were often removed from the 
internet by the individual organisations with no warning, risking that valuable data become unavailable 
as time elapsed after the accident.

The different data formats used caused difficulties in comparing the datasets. The ministries conducted 
systematic measurements on a wide range of areas affected by the nuclear accident, while the 
municipality conducted detailed measurements within each administrative district. However, it was 
difficult to compare and integrate these data to obtain a good overview of the available information. 

Publishing datasets as a PDF document significantly reduced the reusability of the data. While the PDF 
file format enhances data security and provides an effective mechanism to prevent data tampering, this 
security mechanism made it difficult to extract and reuse the data as input for analysis and visualisation.

To solve these problems, an environmental monitoring database was developed by the Japanese 
Atomic Energy Agency (JAEA, 2016). Fig. 3 shows pages of the database. Aims of the database 
are to consolidate, manage and provide environmental monitoring results related to the Fukushima 
Daiichi Nuclear Power Plant accident in a highly reusable and flexible data format which enables 
mutual comparison.

2.3.2 Lessons learned
The challenge related to data management and visualisation in this case study was in unifying data 
published by multiple organisation under different formats. The solution implemented was ensuring 
both flexibility and reusability of data through a uniform and user-friendly data format. 

Figure 3. Contents of environmental monitoring database. The top page lists various kinds of environmental monitoring data 
which has been conducted by governments, local governments, and research organisations. The summary page shows the 
overview of each monitoring. Download page provides map data, graph data as well as numerical data. 
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Flexibility is key to the ability to describe various data measured in environmental monitoring. 
Various measurement methods can be used to monitor various features of the distribution status of 
radionuclides. For example, a survey meter is used to measure the air dose rate at a fixed point. On the 
other hand, a vehicle survey measures the air dose rate averaged along the vehicle track. Differences 
in measurement methods and monitored physical parameters resulted in varying attributes representing 
the measurement data. High flexibility is required for the data format to express these measurement 
methods and measurement results.

Meanwhile, the reusability of data in terms of ease of input to other systems, tools and programs is 
also important. In the response process, users will access the environmental monitoring database to 
analyse and process the data using various tools such as browsers, GIS systems and visualisation tools. 
High reusability requires the data format to be excellent in network transferability, to be independent of 
computer types and operating systems, and to be based on the standard with which many tools comply. 

XML (Extensible Markup Language) is a format suitable for representing numerical data having a 
complicated structure. It is a markup language designed and formulated by W3C (World Wide Web 
Consortium), an organisation promoting the standardisation of technologies used in the World Wide 
Web (World Wide Web Consortium (W3C), 2008). This language can define the complicated data by 
structured tag-value pairs. A tag represents data attributes, while a value corresponds to its attribute 
value. It is easy to serialise data using XML, as it facilitates sharing of data among various computers 
via the network. In addition, parsers are provided to analyse and extract necessary data from the XML 
data, which reduces the difficulty in reusing the data. 

The usefulness of XML is recognised in connection with nuclear emergency response. For example, 
IAEA developed an XML-based environmental monitoring data format called IRIX (International 
Radiological Information Exchange) (IAEA IEC, 2013). For the development of the environmental 
monitoring database associated with Fukushima Daiichi Nuclear Power Plant accident, an XML-based 
data format called EMML (environmental Monitoring Markup Language) has been proposed. It 
partially extends the specification of IRIX, for example, enabling the expression of air dose rate data 
measured by a vehicle.

KML (Keyhole Markup Language) was adopted as a data format suitable for visualisation of 
measurement data in the project. KML is an XML-based geospatial data description language 
formulated by OGC (Open Geospatial Consortium), an organisation promoting the standardisation of 
various technologies related to geospatial information (Wilson, 2007). As KML is based on XML, it is 
also excellent in network transferability and can be used as input data of many visualisation tools such 
as Google Earth, Arc GIS, and other similar tools.

By utilising international standards such as XML and KML, large amount of diverse environmental 
monitoring data could be expressed in a uniform manner. As of January 2018, 730 million measurement 
results provided by 18 organisations were recorded on the environmental monitoring database. 
Consolidating and managing the data on a single site greatly reduced the effort required by a user 
to find targeted data. Currently, the environmental monitoring database has been accessed over 
10 000 times/month, with data download volumes exceeding 50 GB/month.

2.4 Case study 3: Environmental monitoring using public buses
2.4.1 Overview of the environmental monitoring using public buses
Another challenge related to environmental monitoring after the Fukushima Daiichi Nuclear Power 
Plant accident was the long delay in data publication and dissemination to the public. It often took three 
to six months from measurement to publication. Air dose rate data measured by about 3000 monitoring 
posts in Fukushima prefecture were released every day by the National Regulatory Agency. Although 
the information is enough to grasp the current distribution of radioactive substances over the whole 
region of Fukushima prefecture, it was difficult for residents to visualise the detailed distribution in 
their own living area, thus resulting in feelings of unease.
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To provide timely and intuitive information to the public, the KURAMA system for measuring air 
dose rates was installed on public buses in 2013 by the Japan Atomic Energy Agency (JAEA) in close 
collaboration of Fukushima prefecture and the Kyoto University (Fig. 4). A visualisation system was 
designed to provide the measurement results online as well as on the buses. 

These public buses are now driving daily along local transportation routes. It enables, besides informing 
the public online and in real time, the measurement of distribution of the air dose rate in the area in 
detail. In addition, the bus-borne survey can cover a wider area than fixed point measurements such as 
measurements by monitoring posts. As the public bus runs a predetermined route every day, the air dose 
rate along the route is also measured every day. Therefore, not only the spatial distribution of the air 
dose rate but also the temporal change can be captured in detail. 

In a car-borne survey, it is necessary to arrange cars and drivers. By using public transport, no payment 
is required in operating the bus for monitoring. It is important to reduce the running cost required 
for measurement. Continuous monitoring is required over a long period in areas where radioactive 
materials have been deposited due to the accidents, because it takes a long time for the radioactivity to 
be reduced to sufficiently small level to be ignored. 

The first bus driven with the KURAMA system started in 2013. As of 2017, measurements have been 
conducted over the entire region of Fukushima prefecture using approximately 70 buses daily. The total 
number of data measured now exceeds approximately 750 million records, covering all municipalities 
in the Fukushima Prefecture. Measurement results are displayed in real time through a large display 
installed at JAEA and through a monitor installed on the route buses.

2.4.2 Lessons learned
The challenge related to data management and visualisation in this project was to display a large amount 
of measurement data as a map, without overcrowding and losing an overview of the current situation. 
Air dose rates are measured every 3 seconds by a KURAMA system and transmitted to servers through 
a cellular phone network. As buses are usually operated from early morning till late at night, the total 

Figure 4. System configuration of a visualisation system which creates a distribution map of air dose rate measured by a car 
-borne survey. The system collects data measured by a KURAMA system through a network, analyses the data and visualise 
the result in a real-time fashion. The resulted map is shown on a display in JAEA office (upper right) and in a bus (middle 
right). Temporal change of air dose rate is also shown as a temporal graph.
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number of data measured in a day by 70 vehicles amounts to hundreds of thousands of records. The 
resulting problem was thus to display all these measured data as points on a map.

The first issue is that plotting all available data points takes a long time and hinders from achieving a 
real-time visualisation. A zooming function is provided to meet the user’s requirements of checking air 
dose rate status of their residence areas, municipalities, or prefectures according to their own interest. 
However, if the number of points on the display became too high, it became difficult to quickly execute 
the zooming in and out operation. In addition, the volume of points on the display made it difficult to 
understand the radioactivity distribution intuitively.

The second issue is that trying to plot the points more than the display resolution raises the possibility 
of providing inaccurate information. For example, there is a possibility of displaying unintended results 
or hiding important information such as micro hot spots of radioactivity. In general, the display consists 
of display elements called pixels, each of which can display only a single colour at a time. When some 
of measurement points are included in a single pixel, the colour of the pixel depends on the rendering 
algorithm of the visualisation tool. To make the matter worse, recent computers have a multi-core 
processor, which plots and draws the points in parallel. As a result, the displayed result may change at 
every drawing time. 

Fig. 5 shows how the different maps are created from the same data. The left panel draws the highest 
value from data included in a single pixel. The right one draws the lowest one. The central panel shows 
the result which is drawn without any resolution control, which provides information between two 
extreme cases on both sides. Although the maps on both sides provide the same information at any place 
and any time, the central panel shows different information depending on the software and hardware of 
the computer,

To solve these problems, a visualisation method called Level of Detail (Schroeder, Zarge and Lorensen, 
1992) was adopted. This method enables the control of the level of information detail according to the 
size of the area to be drawn. When a target area is small (e.g. residential area), all the measurement 
results were indicated on the display as a point. On the other hand, when the user zooms out and the 
area becomes large (e.g. municipal or prefecture region), the system only shows the average value of 
the measurement results as a rectangle polygon. The size of the rectangle increases gradually according 
to the size of target area. This function makes it possible to suppress the number of polygons below the 
display resolution regardless of the size of the target area. As a result, the system can provide interactive 
visualization function without displaying unintended results.

Figure 5. Samples of air dose rate maps created from the same car survey result which has more data than the display 
resolution. Panels A and C show the result of selecting the highest and lowest values from data included in one display pixel 
respectively. Panel B shows the result without any display control. 
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2.5 Conclusion and outlook
In nuclear emergency situations, there exist many challenges in performing series of tasks ranging from 
field monitoring in the affected areas to decision making by policy-makers. Information technology can 
be effective for addressing these challenges and has the possibility of playing a critical role in ensuring 
efficient emergency response.

In this chapter, data management and visualisation issues that occurred in the national radioactivity 
mapping project implemented after the Fukushima Daiichi Nuclear Power Plant accident were 
described. IT-based systems were introduced to solve these problems. In the first case study, it was 
shown how data transfer and validation can be made more effective by usage of field tablet-based 
platforms for collecting in-situ information. 

The second study concerns the unification of data separately collected and published by various 
organisations, additionally often in a different format. It was shown that utilising flexible and reusable 
standard data formats such as XML and KML is effective to handle this problem.

The third issue is related to efficient and intuitive visualisation of huge amounts of data. It was 
demonstrated that the visualisation technique called Level of Detail, adjusting the level of information 
detail according to the size of the map area, is effective to solve this problem. 

Each of the IT-based systems introduced in this chapter covers only a part of the decision-making 
processes in nuclear emergency situations. By utilising knowledge obtained in the projects conducted 
after the Fukushima Daiichi Nuclear Power Plant accident, it is expected that a more comprehensive 
decision support system can be constructed in the future to support the emergency response 
process entirely.
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Abstract
Usage of Information Technology based Decision Support Systems (IT-DSS) for response management 
during a large-scale nuclear emergency can greatly speed up and alleviate the logistical burden placed 
on response authorities. The Decision Support System for Nuclear Emergencies Affecting Food and 
Agriculture (DSS4NAFA), developed by the Joint FAO/IAEA Division, is a system for monitoring 
radionuclides in food and agriculture production to resolve major challenges during the emergency 
response process. This chapter introduces DSS4NAFA and explains the philosophy and principles 
employed during the development process to ensure long-term sustainability of the system. Concrete 
examples of how DSS4NAFA alleviates challenges in data management, data visualisation and provide 
decision support during a nuclear emergency are given. A response protocol is suggested and step-by-
step instructions on the usage of each DSS4NAFA module are elaborated. Technical specifications of 
the system are given in detailed at the end of the chapter.

3.1 Introduction
Information technology-based decision support systems (IT-DSS) are practical tools that improve 
response capabilities of stakeholders and decision makers during emergencies. Many types of decision 
support tools with different functions exist and can be customised to predetermined needs of emergency 
response. Some of the more commonly uses of the IT-DSS are damage assessment, emergency logistics, 
evacuation, emergency management, incident specific response and risk analysis. However, these 
responses rarely focus on ensuring food safety in the aftermath of a nuclear or radiological emergency.

As a nuclear emergency unfolds, due to the perishable nature of food and agriculture products, the 
response process should be performed swiftly. Resources for sampling and laboratory analysis, such 
as man power and analytical instruments, need to be allocated in an optimal way while integrated 
communication between stakeholders is imperative for efficient project management. The ideal IT-DSS 
is one that is flexible yet pragmatic enough to collect, structure and analyse multifaceted data. It should 
assist in steering emergency response and allow for visual clarification during decision making, such 
that decision makers can ensure minimal disruption of economical livelihood, at the same time support 
resource efficient response in a coherent manner. 

The Joint FAO/IAEA Division has developed the Decision Support System for Nuclear Emergencies 
Affecting Food and Agriculture (DSS4NAFA), an innovative IT-DSS to manage and visualise 
agricultural data collection for monitoring radionuclides in food and agriculture production to facilitate 
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agricultural decision making and to improve nuclear emergency preparedness and response capabilities 
of food control and health authorities. 

The main objective of DSS4NAFA is to assist Member States in three aspects, namely data management, 
data visualisation and decision support in emergency response and routine monitoring for food and 
agriculture. It is developed using open source platforms and made available to all Member States 
as a cloud-based software; details of the system will be further explained in the sections below. The 
development of DSS4NAFA fulfils the Joint FAO/IAEA Division Mandate in Preparedness and Response 
to Nuclear and Radiological Emergencies Affecting Food and Agriculture: to promote the management 
of intra- and interagency emergency preparedness and response to nuclear accidents and radiological 
events affecting food and agriculture, including in the application of agricultural countermeasures.

3.2 General overview of DSS4NAFA
DSS4NAFA is an IT-DSS for data collection, data visualisation and decision support that facilitates the 
implementation of timely planning of food and planting restrictions. A test version of DSS4NAFA has 
been deployed on the IAEA’s Azure Cloud and can be found at: https://dss4nafa-dev.azurewebsites.net 
(Permission can be requested from system administrator). The system can be used in both emergency 
response and routine monitoring in the context of food safety. No specialised skills in GIS and minimal 
knowledge in food safety are required for the operation of the DSS4NAFA system. 

As shown in Fig. 6, DSS4NAFA provides logistical support to decision makers in defining sampling 
location, sampler allocation (assigning a sampler to a specific location) and laboratory allocation 
(assigning a collected sample to the laboratory). It also functions as a powerful visual interpretation tool 
that brings together multi-dimensional data usually handled in a nuclear emergency response situation. 
Examples of the practical usage of DSS4NAFA include the display of spatio-temporal radioactive 
contamination data to assess the implications of decision actions over time, the usage of logmap graphs 
to optimise samplers and laboratory resources, and the forecasting of response scenarios using the food 
restriction dashboard. The system’s platform is cloud-based, and data can be input directly into the 
system through a smartphone application or on a desktop interface via a web browser. Through its data 
management system, decision support dashboard and mobile application, DSS4NAFA brings together 
emergency response managers, sample collectors, laboratories, and decision makers.

Figure 6. General overview of how the DSS4NAFA system works. It is a data management, data visualisation and decision 
support tool for responding to authorities during nuclear emergencies affecting food and agriculture. The system is accessible 
online and through a mobile application.
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DSS4NAFA was built as a synergistic model that should be used in its entirety. The default system 
is based on the IAEA Azure cloud and consists of a central database module linked to modular 
components which can be customised to the needs of the Member State. The system will be provided 
to all interested Member States and a DSS4NAFA community will be established for purposes of 
stimulating development and usage of the system, as well as facilitating global communication. It is 
understood that, due to political and legal limitations, some Member States would require the system to 
be hosted on premise. However, this should be implemented at the Member States’ own discretion and 
the IAEA will not be able to take responsibility of maintenance and coherence of the privatised system 
with developments made by the mainstream DSS4NAFA community.

3.3 Philosophy and principles of DSS4NAFA
Recognising the importance of creating a comprehensive yet pragmatic response system, DSS4NAFA 
developers took a participatory approach from the beginning of the platform development cycle. To 
ensure a user-centered design, stakeholders such as emergency management and environmental 
monitoring officials in food and agriculture were consulted on their past experiences in Chernobyl and 
Fukushima. This stakeholder participation was highly valuable as it allowed the developers to identify 
the challenges based on actual use cases, and iteratively develop DSS4NAFA until it fulfilled the needs 
of an end-user. 

Main challenges identified are: (1) ensuring efficient sampling strategy, (2) providing useful real-time 
information to the public and decision makers, and (3) integrating communication between multiple 
stakeholders. To that end, DSS4NAFA was developed with three key features – data management, data 
visualisation and decision support – as a response to the challenges. 

The strategic benefit of DSS4NAFA is its comprehensiveness, coherence, and multi-purpose 
functionality. The system covers all scopes of the whole process of emergency response in nuclear 
emergencies affecting food and agriculture. This includes sample collection from the field, sample 
analysis in the laboratory, resource optimisation and allocation, as well as decision support through 
scenario forecasting. All features mentioned above are based in the default system, ensuring coherence 
as everything needed is in one system to ensure smooth communication and full integration of 
emergency response arrangement. Due to a user interface that was built to allow for specific data to be 
called and time frames to be set, the DSS4NAFA system can be used both for routine monitoring and 
emergency response.

DSS4NAFA reduces the mental burden on decision makers by providing a platform to analyse and 
visualise multifaceted data quickly and comprehensively. The system then proposes planting and 
food restrictions according to the risk level set by the decision makers, who are then responsible for 
either accepting or rejecting these suggested restrictions in response to the nuclear emergency from the 
context of food safety.

To facilitate its widespread application, DSS4NAFA is provided as a non-proprietary software tool and 
can be used free of charge. Associated costs include capacity building through the training of operators, 
and in deployment of the system modules. Internal deployment and installation of DSS4NAFA by 
each Member State locally at their premises on their own server is also possible, but responsibility in 
maintenance and monitoring of the system will be solely borne by the Member State.

The role that DSS4NAFA plays in the emergency response process is determined by each Member State, 
and the modular nature of the system allows for emergency response to be tailored to the priorities at the 
time. Although this is an aspect that will be continuously under review and development, the modularity 
of the system ensures that the emergency response can be tailored to food and agricultural priorities 
of the Member State. For example, a country can choose to develop the module on data collection 
(mobile app, logmap) to strengthen or optimise the sample collection process. It should be noted that 
system security is ensured only if DSS4NAFA is used in its entirety as a default package provided by 
official IAEA channels. With the DSS4NAFA system, data constraints traditionally affecting previous 
response processes are not a problem as increasing storage space on the cloud is instantaneous. This 
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allows for the system to respond to various scales of emergency incidents. When a larger than expected 
incident occurs, the database capacity can be increased instantaneously through the cloud, allowing for 
a seamless adaptation according to the incident scale. 

3.4 DSS4NAFA system features
DSS4NAFA and its features were developed to solve challenges from case studies shared by 
experienced nuclear emergency response experts in food and agriculture. Three key features of the 
DSS4NAFA system that assist in the response process will be further discussed: data management for 
resource optimisation, data visualisation for effective communication and decision support through the 
food restriction dashboard.

3.4.1 Key Feature 1: Data Management for Resource Optimisation
The DSS4NAFA task allocation module was created as an intelligent module that can assist stakeholders 
in determining sampling task assignments. This module can be utilised in two modes of operation: 
simple and advanced.

In the simple mode, sampling task assignments are given based on the selected administrative sections 
and sampling points are in accordance to the default sampling protocols of DSS4NAFA. The simple 
mode does not require pre-existing information such as crop calendar and agricultural land use 
information. 

Operating in simple mode allows for the DSS4NAFA system to be used immediately and may be 
useful in Member States with minimal preparedness for emergency sampling of food and agricultural 
products. For example, simple mode allows decision makers to select a rectangular area over a land 
mass, and the system randomly assigns sampling locations depending on the density desired (Fig. 7). 
However, it is important to note that operation in simple mode does not allow for full optimisation of 
the resources of the Member State. 

In DSS4NAFA’s advanced task sampling allocation (ASTA) mode, a priori knowledge of crop 
seasonality and land use maps in the form of Agro-Ecological Zone (AEZ) maps are used as input to 
the system. Preparations in using the DSS4NAFA system should include clarifying the crop calendar 
for each season and the threshold level of contamination before a decision action should be taken. 
Decision makers can optimise manpower and analytical resources by targeting areas relevant for 
sampling given the crop cycle and AEZs. For example, the crop calendar can be used to inform decision 
makers what crops need to be prioritised given its human ingestion potential, while the AEZ map can 
immediately narrow down areas of interest depending on the target crops. The creation of an AEZ 

Figure 7. Screenshots of the DSS4NAFA sampling task assignment module in simple mode. Response authorities can easily 
outline the sampling locations with a rectangle, and DSS4NAFA assigns the sample collectors automatically based on a 
selectable strategy. The information shown on this screenshot is simulated data.
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map can be performed manually using external tools/platforms such as GeoJSON to create a shapefile, 
which is then imported into DSS4NAFA. Both simple and advanced modes of DSS4NAFA can be used 
in emergency scenarios, as well as for routine monitoring. 

In addition to AEZ maps, decision makers in the sampling task assignments can input exclusion zone 
maps when using the ASTA mode, as shown in Fig. 8. An exclusion zone map is a polygon map with 
predetermined areas that should be excluded from sampling due to potential for negative human effects 
or related reasons. As with AEZ maps, the exclusion zone maps can be created with external GIS-based 
tools. The inclusion of exclusion zone maps in the ASTA module further defines and optimises the 
sampling process.

In the situation where samples collected are deemed insufficient, decision makers can increase the 
density of sampling tasks assigned in 3 styles – Tabular (line-by-line), Radial and Random. These 
options allow for flexibility in increasing sample amounts for better decision making (Fig. 9).

Standardisation of the environmental sampling process through sampling protocols and value checks 
are useful in ensuring the data input into the system required minimal post-processing. The DSS4NAFA 
sampling system is connected to a series of default sampling and analytical protocols such that 
sampling process is standardised and can be changed according to the country’s desired protocol. This 

Figure 9. Screenshot of the DSS4NAFA sampling task 
assignment module in advanced task sampling allocation 
(ASTA) mode, with the options of increasing sampling 
assignment density in (top to bottom) Tabular, Radial, and 
Random configurations.

Figure 8. Screenshot of the DSS4NAFA sampling task assignment module in advanced task sampling allocation (ASTA) 
mode. Sampling areas can be further defined with an Agro-Ecological zone map, which identifies crops of interest based on 
seasonality, and exclusion zone maps, which delineate locations of no-sampling due to potential for negative human health 
effects. The information shown on this screenshot is simulated data.
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includes protocols for sampling soil, animal products, and agricultural crops. Whenever an improbable 
or unrecognisable value is input, the system displays a prompt message requesting collectors and 
laboratory technicians to validate what was just input. Through these integrity tests, numerical mistakes 
and transcription errors are drastically reduced. Barcodes are also useful in optimisation of the process. 
Collectors print out barcodes and affix them to the samples when in the field, reducing sample ID 
mistakes and allows for tracking of the samples.

In coordinating a large-scale emergency response, identifying the progress of each assignment, such as 
task allocation, sample collection, and laboratory analysis, is a challenge due to the scale of operations 
and multiple stakeholders involved. The logmap of DSS4NAFA was developed as a resource allocation 
optimisation module to assist in this challenge of sampling protocols and laboratory allocation. It is 
a simple graphical interface that contains three lines, one for ‘planned’, indicating sample numbers 
to be collected; one for ‛collected’ indicating samples successfully gathered; and one for ‛analysed’, 
indicating samples sent to the laboratory and data processed. As the emergency response progresses, the 
status of each task is updated automatically using data sent from the samplers through the DSS4NAFA 
mobile application, or the laboratories through the wireless network. By studying how these lines 
shift in slope, the decision makers get an overall view of each task status at a glance. This will allow 
stakeholders to have an idea if the process is going well, or if there are bottlenecks somewhere and 
resources (such as manpower to collect samples or laboratories to analyse) need to be reallocated (for 
example, sending samples to neighbouring municipalities with laboratories that can analyse samples).

The ability to automatically sync data from the mobile app can reduce errors during data input as well 
as cut down response time as the data is sent to the cloud almost immediately. This allows the decision 

Figure 10. Screenshot of the DSS4NAFA logmap module. The status of each task (planned, collected or analysed) is clearly 
illustrated on the line graph. The information can also be graphed on a map and plotted on a scatter plot, so decision makers 
can determine whether manpower and laboratory resources are being optimised. The information shown on this screenshot is 
simulated data.
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makers to have a real-time view of the unfolding emergency response and provide action and decisions 
as soon as enough data have been collected. Proper data management during the sampling process can 
assist during the ensuing data analysis and decision making.

3.4.2	 Key	Feature	2:	Data	Visualisation	for	Effective	Communication
There are two methods in which environmental sampling data can be input into the DSS4NAFA 
system, depending on the time frame of emergency response. The first is through the Nudge Module, 
whereby data collected manually (typically immediately after an emergency occurs) can be input into 
DSS4NAFA via an excel template. The second method is through the mobile application module, 
whereby samplers and laboratory technicians input data collected from the field or laboratory directly 
into the mobile application. DSS4NAFA’s data visualisation module then collates and displays the 
data immediately. To account for the spatio-temporal character of data received during an emergency 
response process, decision makers can opt to visualise data based on geolocation and/or a time scale 
of interest as GPS and sampling time data taken automatically by the mobile application are uploaded 
onto the visualisation module. This allows decision makers to evaluate the food safety trends over time 
at a location of interest. 

The hotspot map, logmap and food restriction dashboard are three modules that contain visualisation 
components in DSS4NAFA.

1. Hotspot map – Map of radioactivity levels in sampling sites. Radioactivity levels are portrayed 
with two principles in mind: optimisation of legibility at various geographical scales and 
optimisation of interactivity to assess relations among quantities (foodstuff, radionuclide types, 
time dimension, etc.).

2. Log map – Map to assist in optimisation of sampling resource allocation. Displays planned, 
collected and analysed sample status. Assists in visualising time component, both in real time and 
in past data. Provides at-a-glimpse overall information.

3. Food restriction dashboard – Control dashboard that produces maps for determining restriction 
based on adjustable acceptance levels for permissible action level. Provides ability to forecast 
restriction scenarios.

To improve efficiency, data is queried from the cloud to the desktop during visualisation to reduce 
time spent in data transfer and to allow for swift analysis and graphical representation. Users are also 
provided the opportunity to request for randomly sampled data in a pre-determined time frame for 
visualisation modules such as the Hotspot map. However, this option is not available for food restriction 
dashboard analyses, which accounts for all the data collected as randomly sampled data may lead to an 
incorrect justification of decisions.

Public communication of suggested decisions from DSS4NAFA are facilitated through the creation of 
static maps and prepared statement templates, which can be generated from the system in two steps. 
First, the user defines the data of interest (foodstuff, time range) from the dashboard and downloads 
it. Then, an R-script is used to produce a markdown/HTML file that can be saved as a .pdf file. The 
R-script is highly customisable to address country or institution specific communication policies.

3.4.3 Key Feature 3: Decision Support Through Food and Planting 
Restriction Dashboard

One of the major challenges of nuclear emergency response in food and agriculture is in making 
response decisions based on the collected and analysed data. In a nuclear emergency of any scale 
affecting food and agriculture, data can very quickly become overwhelming due to the range of 
radionuclides of concern, variety of soil and foodstuff to consider, large number of data and their 
probability distribution, relevant time for restrictions, and areas of prioritisation. The DSS4NAFA food 
and planting restriction dashboard presents these multifaceted data in an easy to understand manner 
through its query customisability and scenario forecasting abilities..
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In the food restriction dashboard, decision makers can, amongst others, select the target foodstuff, 
radionuclide, and administrative unit of data to be visualised and analysed. This module also provides 
suggested decision actions based on predetermined permissible levels, minimum number of samples 
needed for decision making, and percentage of samples collected that are within the permissible level. 
Decision makers are then responsible for either accepting or rejecting these suggested restrictions in 
response to the nuclear emergency from the context of food safety. Accountability is maintained in 
the system through the ‘save’ mode, whereby analysts can freeze-frame any setting and decisions still 
under consideration. 

Decision actions on a national level are visualised in the ‘Spatial Distribution’ section and 
‘Concentration Value Distribution’ section. Historical decisions are comprehensively shown in the 
‘History’ tab whereby past and future decisions taken/to be taken are displayed in time series for all 
administrative units.

DSS4NAFA contains pre-defined action and permissible level values. However, depending on level of 
risk aversion, decision makers can adjust the permissible levels of radionuclide concentration in food 
samples and minimum number of samples needed for decision making. This adjustment of threshold 
values allows for decision makers to choose the most practical response and provides independence in 
responding in resource efficient and pragmatic ways.

Figure 11. Screenshot of the DSS4NAFA Food Restriction Dashboard module. This module assists response officers by 
proposing decision actions based on radionuclide concentration information and adjustable confidence level intervals. 
Stakeholders can easily identify the administrative units whereby further action in restricting, performing more sample 
collection, or not restricting food and planting decisions should be taken. The information shown on this screenshot is derived 
from simulated data.
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3.5 Conclusion and outlook
During and after emergencies, emphasis is placed on assessing direct external exposure affecting human 
health, with food safety taking a delayed role in the process and prioritised only during the remediation 
phase. As experience has shown, it is important to consider potential internal exposure through food 
intake as soon as possible, as its distribution has significant physical and socioeconomic effects on 
affected communities. 

IT-Decision Support Systems present an innovative solution for optimised response management 
during a large-scale nuclear emergency and thus, the Joint FAO/IAEA Division developed the Decision 
Support System for Nuclear Emergencies Affecting Food and Agriculture (DSS4NAFA). DSS4NAFA 
was developed with three key features – data management, data visualisation and decision support to 
assist in ensuring efficient sampling strategy, providing useful real-time information to stakeholders, 
and supporting in the decision-making process. Key features such as the Advance Sampling Task 
Assignment (ASTA) for optimised sample allocation, the hotspot map for spatiotemporal visualisation, 
and food restriction dashboard for decision making support are amongst the state-of-the-art 
modules implemented.

The basic philosophy employed to ensure the long-term sustainability of the system is modularity, 
whereby sections of the system can be customised and updated as technologies advance. Through 
the development process, integrated stakeholder involvement proved invaluable in building a system 
that was end-user oriented. Meanwhile, the implementation of the DSS4NAFA on a cloud-based 

Figure 12. Screenshot of the DSS4NAFA Food Restriction Dashboard’s historical action section. Stakeholders can easily 
identify the past and planned decision actions for each administrative unit. The information shown on this screenshot is 
derived from simulated data.
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platform ensured that the system could be scaled up or down as necessary to accommodate for varying 
emergency scenarios.

Despite its comprehensiveness in decision support, it is important to emphasise that DSS4NAFA is not 
a final decision-making tool during nuclear emergency situations. The purpose of the system is to assist 
with logistics allocation and visualisation of various scenarios; the final decision of food and planting 
restriction lies on the shoulders of the decision maker. Ultimately, it is up to the federal or national 
governments to determine and decide prior to the emergency, what their risk aversions are and at what 
level of contamination should mitigation actions be taken.
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Annex

A–1 DSS4NAFA module summary
Permissions: Decision maker (DM), Sample collector (SC) and Laboratory Technician (LT).

Module Name Module Function Permissions

Advance Sampling 
Task Assignment 
(ASTA) Module

Provision of land use AEZ maps and crop calendar for more targeted 
sampling areas
Input:
• AEZ map shapefiles OR land use map shapefile (JRC Sentinel 2A) OR 

IRMIS Data -- Shapefiles with air dose rates (alternative if JRC shapefile not 
available)

• Files can be imported via GeoJson format
• Crop calendar map
• For each AEZ, crop calendar can be defined
• IRMIS Data – Shapefiles with air dose rates (alternative if JRC shapefile not 

available)
• Fixed sampling grid map
• Output:
• Map of high priority sampling area and points

DM

Nudge Module

Used in scenarios where beneficiary already obtained sampling results from 
other sources. Via nudge module these data can be imported
Input:
• Text file in csv format.
Output:
• Successful import of data to be analysed

DM

Mobile App Module
Used to register data for collected samples on site
Available for Android

SC, LT

Hotspot Module

Purpose is to quickly identify radionuclide concentrations hotspots.
Input:
• Multidimensional dataset of radionuclide concentration in foodstuff or soil 

samples
Output:
• Browse the multidimensional dataset via dedicated User Interface elements 

and identify hotspots
Optionally share commented analysis with peers

DM

Logmap Module

Purpose is to first identify tasks (data collection or analysis) behind schedule 
and check if this is due to resources allocation
Input:
• Current ‘log’ of data collection and analysis tasks (number of samples 

planned, collected, analysed so far)
• Number of data collectors and laboratories allocated to each task
Output:
Identify potential delayed tasks and if it may be due to resources allocation

DM

Food Restriction 
Dashboard Module

Purpose is to suggest restriction decisions such as restrict, do not restrict and 
collect more data
Input:
• Multidimensional dataset including: radionuclide concentration, restriction 

history, administrative unit of interest, …
Output:
• Assess various scenarios via the exploration of dashboard’s state: 

permissible levels, minimum number of points, accepted percentage of 
samples above permissible level, …

Optionally share commented analysis with peers

DM
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Module Name Module Function Permissions

Public 
Communication 
Module

Purpose is to provide a portfolio of template methodologies and maps to 
communicate data and decision to the public.
[Note]: Set up of such methodology and production of maps is platform agnostic 
(do not rely on DSS4NAFA technological stack) and can be implemented with 
complementary/dedicated toolbox such as R https://www.r-project.org/ for 
instance
Input:
• All DSS4NAFA datasets
• Any secondary dataset that might clarify communication to the public
• Level of anonymisation required
Output:
• Reproducible and customisable data processing
• Template maps for radionuclide concentration in foodstuffs and soils
• Template maps for restrictions status over time

DM

Register event

Assigncollection task

Collector getsassigned task

Collectors collectand registersample data

Lab analysescollected samples

Data is visualizedat different scalesand settings (Foodrestriction dashboard

Vsualization andanalysis are sharedwith relevant actors

Food restrictionis raised

Output iscommunicated topublic via staticor dynamic maps

Data flow gapanalysis (Log Map)

D
at

a 
m

an
ag

em
en

t
D

at
a 

vi
su

al
iz

at
io

n
an

d 
de

ci
si

on
 m

ak
in

g

Figure 13. The two main components of DSS4NAFA and the workflow processes involved
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A–2 DSS4NAFA response protocol
The usage of DSS4NAFA in emergency response can be divided into two main parts: (1) Data 
management and (2) Data visualisation and decision support. The processes involved in each, as well 
as their detailed steps, are elaborated below. The actors responsible for each action are: Decision maker 
(DM), Sample collector (SC) and Laboratory Technician (LT).

Fig. 13 illustrates the general workflow of the response process.

A–2.1 Data management

A–2.1.1 Register event
 ● DM registers the nuclear or radiological event, including information on type of incident

 ● Longitude and latitude are automatically determined from the address

 ● DM inputs acceptable levels of contamination for each food type and radionuclide, including the 
period that these acceptable levels will be applicable for

 ● Upon consultation with national experts, DM determines length of sampling campaign and SOP 
recommended to be used in collection and analysis, and determines number of collectors as well 
as samples collected by each collector

 ● If emergency sampling has been performed beforehand, data can be input via the Nudge module 
by SC or DM

A–2.1.2 Assign collection task
 ● DM selects incident and assigns a sampling area. Tasks can be assigned for:

 – Simple soil collection
 – Soil
 – Food
 – Soil and food

 ● For operation in simple mode, DM uses system in default mode

 ● For operation in advanced mode, DM has option to incorporate AEZ map, crop calendar, and 
exclusion zone map

 ● A map of the vicinity of the incident, based on address input previously, is provided. DM selects 
sampling area by defining a square on the map. The border coordinates of the selected area are 
defined automatically

 ● Information on selected area is displayed automatically based on database. Type and number of 
administrative units within the selected area are listed

 ● Distribution of tasks can be done randomly by administrative units, DM has the option of 
changing the number of samples collected by each SC

 ● Once assignments are deemed satisfactory, the DM initiates the tasks and sends the collection 
tasks to respective SC and LT.

A-2.1.3 Collector gets assigned task
 ● SC accept tasks

 ● Upon acceptance of task, barcodes are created for each sampling task and should be printed, for 
use in sampling identification
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 ● The barcode template displays information such as laboratory where samples will be sent to, 
collection tasks and sample collector information

 ● Barcodes should be downloaded prior to leaving for the field and printed on stickers to be put on 
the samples

A–2.1.4 Collectors collect and register sample data
 ● Mobile app is configured for field work by SC, a unique security token for each sampling task is 

given to the SC for identity verification

 ● If data and settings are imported successfully into the mobile app, the number of retrieved 
barcodes for usage will be displayed at the bottom left corner

 ● Registered samples are listed in mobile app

 ● SC synchronises data after collection; data is transferred immediately to the central database

 ● If the mobile application was malfunctioning (no connection to the central database), SC can also 
upload the data later and manually register/fix data via DSS4NAFA’s web platform

A–2.1.5 Laboratory analyses of collected samples
 ● LT receives samples and performs relevant analysis

 ● For soil samples, soil density and terrestrial soil density are automatically calculated in the 
background

 ● Results from analyses are sent to centralised platform

 ● For planning purposes, each laboratory/LT can view at any time how many samples are expected 
to be received in the ‘Allocated Batches’ tab

A–2.1.6	Data	flow	gap	analysis	(Log	map)
 ● Upon analysis of logmap and determining locations of bottlenecks, DM can edit registry of 

laboratories and change daily capacity of analyses

A–2.2 Data visualisation and decision making

A–2.2.1	Data	visualised	at	different	scales	and	settings
 ● Upon analysis of logmap and determining locations of bottlenecks, DM can edit registry of 

laboratories and change daily capacity of analyses

A–2.2.2	Visualisation	and	analysis	are	shared	with	relevant	actors
 ● In food restriction dashboard, DM visualises scenarios based on pre-determined permissible 

levels, minimum number of samples needed for decision making, and proportion of samples 
within the permissible level; DM can retrieve data based on administrative unit, food type, and 
radionuclide type

 ● DSS4NAFA, using resampling statistical method to estimate proportions of samples above or 
below permissible levels, displays administrative units with the possible actions below:

 – Restrict
 – Do not restrict
 – More samples needed
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 ● Analyst uses dashboard to prepare suggestion, which is then submitted to DM for final approval/
rejection

A–2.2.3 Food restriction is raised
 ● Once decision has been approved by DM, appropriate actions are taken to restrict planting or 

production of the food and agricultural item

 ● Output is communicated to public via static or dynamic maps using public communication 
module

 ● History of all restriction raised are stored so that temporal dimension of decisions made can be 
shared with the public

A–3	 Technical	specification	of	DSS4NAFA
DSS4NAFA is deployed in Platform as a Service (PaaS) environment on the IAEA’s internal cloud 
system, provided by the Microsoft Azure Cloud Computing Platform & Services. In the PaaS 
environment, lower level infrastructure resources and the application development and deployment 
platform are administered and maintained by the IAEA’s cloud. This setup allows for a multitenant 
environment, meaning that operating systems, databases and middleware can be mixed-and-matched 
and are managed by the cloud service provider rather than the developers. At the time of writing, 
employing the PaaS environment is the most up-to-date trend practise in software development and 
ensures that developers can be fully devoted to system improvements and development. The technical 
specifications of DSS4NAFA are as listed in the table:

Technologies Function(s)

Microsoft Azure Cloud 
Computing Platform & 
Services (PaaS)

Cloud-features: Scalability, Elasticity, Load balancing, Single sign-on security features

PostgreSQL/PostGIS Database engine with geospatial extension

Single Sign-On via IAEA

DSS4NAFA is compliant with IAEA security policies such as support for authentication of 
end-users via IAEA’s single sign-on services.
• Industry standard protocol SAML is used
• Single sign-on are safe alternative to credential loss

Sencha framework Mobile application NOTE: When the opportunity arises, mobile application can be 
implemented in the most up-to-date framework. (e.g. Xamarin)

Ruby on Rails

Web application development framework:
• Authentication, roles management
• Create/Read/Update/Delete of resources (events, collection tasks, laboratories, food 

restrictions etc.)

D3.js + Mapbox/Leaflet Geo- data visualisation with multidimensional interactivity

Twitter Bootstrap User experience/user interface



 

DATA MANAGEMENT AND VISUALISATION IN 
RESPONSE TO LARGE-SCALE NUCLEAR EMERGENCIES 
AFFECTING FOOD AND AGRICULTURE

In a large-scale nuclear emergency affecting food and agriculture, the release 
of radionuclides to the environment can severely impact the food chain and 
human health. Up-to-date information of soil, water and crops are pertinent 
to informing decisions that prevent potentially contaminated products from 
reaching consumers. However, traditional management and visualisation of 
data are constrained in response times and decision-making accuracy as they 
are often not centralized and performed manually.
Developments in information technology (IT) allow for Decision Support 
System (DSS) tools and algorithms to enhance real-time management of 
large volumes of data and decision-making in a spatio-temporal context. 
These IT support functions increase the capacity of stakeholders to focus 
on the most important matters at hand – ensuring food and consumer 
safety. This publication presents the challenges and solutions of real-time 
data management, geo-visualisation and decision making, as well as two 
case-studies of how innovative IT systems can assist in nuclear emergency 
response affecting food and agriculture. One of the case studies presented is 
by the Soil and Water Management and Crop Nutrition Laboratory of the Joint 
FAO/IAEA Division; the other case study by Japanese Competent Authorities 
in the aftermath of the Fukushima Daiichi Nuclear Power Plant accident.


