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Research and Development of Green ICT for a 
Sustainable World

 Tsutomu Tanaka      Tetsuyoshi Shiota      Katsuji Ebisu      Mitsuo Ozaki

In 2015, the Sustainable Development Goals (SDGs) were adopted by the UN General Assembly 
as a global target to be met by 2030.  The 21st session of the Conference of the Parties (COP21) 
of the UN Framework Convention on Climate Change (UNFCCC) was held in November 2016, 
when the Paris Agreement, aimed at the creation of a low-carbon society, came into force.  The 
world is now taking steps toward solving the globally shared problem of climate change.  In 
addition, it must address a multitude of emerging complex issues related to society, the en-
vironment, and the economy.  Information and communications technology (ICT) has been a 
useful tool to tackle such issues and has been successfully applied in many areas.  To enable 
faster response to complex issues, Fujitsu is developing Green ICT services that leverage predic-
tion technology based on big data analysis.  The aim is to develop services that offer logical 
and accurate decision making, with the flexibility of being applicable to a variety of contexts.  
In this paper, we present a methodology and a technology related to the area of environmen-
tal research: a “natural-capital accounting methodology” that can be used to assess natural 
resources for preserving biodiversity and an “environment, society, and economic analysis 
technology” that can be used to.  Their use can help visualize local attributes, elucidate locally 
specific problems, and predict the effectiveness of alternative measures.

1. Introduction
In 2015, the UN General Assembly adopted 

Sustainable Development Goals (SDGs) as a global 
target to be met by 2030.  In addition, the Paris 
Agreement, aimed at the creation of a low-carbon so-
ciety, went into effect in November 2016 after being 
adopted by the Paris Agreement, aimed at the creation 
of a low-carbon society, went into effect in November 
2016 after being adopted by the UN General Assembly 
held in December 2015.  These actions reflect a grow-
ing trend in solving problems shared by the entire 
world. 

Achieving a balance among the environment, 
society, and the economy is essential to achieving the 
sustainable world targeted by these SDGs and the Paris 
Agreement.  Historically, the world has placed priority 
on economic development, which has unfortunately 
led to excessive use of forests, water, and other re-
sources, destruction of the natural environment, and 
significant emission of greenhouse gases (GHGs).  As 

a result, the regenerative ability of nature is reaching 
its limit, and this, along with global warming and re-
source depletion, is creating a major risk to the survival 
of mankind on Earth.  To mitigate this risk and achieve 
a truly sustainable world, a major change in the way 
we think about society and the economy must be made 
from an environmental perspective.

We can explain this by taking the development 
of a new industrial park as an example.  Figure 1 (a) 
shows the conventional process of developing a new 
industrial park.  This process includes predicting the 
development cost, the scale, etc. on the basis of the 
economic effects on the land and community and de-
termining the development conditions.

However, this process basically ignores the ef-
fects of such a development on society; that is, there 
is little concern about the effects on the population, 
the number of traffic accidents, etc. over the long term 
and even less concern about the effects on the environ-
ment. Consequently, while an environmental impact 
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assessment may be made after a decision has been 
made on a development plan, it is rare that the results 
of such an assessment will force the development to be 
modified or suspended.  This process makes it difficult 
to put a halt to global warming and resource depletion.

An example of a development process for achiev-
ing a sustainable world, which must be considered 
from here on, is shown in Figure 1 (b).  This process 
goes further than the conventional one in that it also 
calculates the effects on the environment and society 
and predicts conditions after development on the basis 
of the concept of “natural capital,” which means living 
organisms making up an ecosystem, elements of na-
ture such as soil, atmosphere, and water sources, etc. 
The idea here is to formulate a plan that can avoid risks 
to the environment and highlight the effects on society 
and the economy.  Predicting a variety of patterns that 
are separately environment-focused, society-focused, 
or economy-focused in this way enables planning that 
seeks a balance among the environment, society, and 

economy, taking regional characteristics into account.
Formulating such a plan makes use of a core 

methodology and a core technology developed by 
Fujitsu Laboratories: a “natural-capital accounting 
methodology” and an “environment, society, and 
economy analysis technology” (prediction based on 
causal relationships).  To achieve a balance among the 
environment, society, and economy, value associated 
with the environment must be assessed in the same 
units as the economy.  The methodology for assessing 
value related to nature as one dimension of the envi-
ronment is “natural-capital accounting methodology.”  
The technology for comparing environmental, social, 
and economic indices in the same units and predicting 
future changes is “prediction based on causal relation-
ships.”  Their integration enables development and 
forecasting that achieves a balance among the envi-
ronment, society, and economy.

In this paper, we report on trends in the preser-
vation of biodiversity, the source of value in nature, 

Figure 1
Industrial-park development plan and impact prediction.
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and on the state of development of our natural-capital 
accounting methodology.  Additionally, as examples 
of analyzing regional characteristics, we present an 
example of analyzing the environment, society, and 
economy and an example of developing prediction 
technology using causal relationships.

2. Natural-capital accounting 
methodology
In this section, we explain the importance of 

biodiversity, outline current global efforts in preserving 
biodiversity, and describe our natural-capital account-
ing methodology, which is essential for implementing 
natural-capital accounting as one way of promoting 
biodiversity preservation.
1) Trends in biodiversity preservation

Our lives are supported by the benefits provided 
by nature (clean water and air, resources and energy, 
food supplies, etc.).  These benefits, which spring 
from the interaction among a variety of living organ-
isms, i.e., biodiversity, can be referred to as “ecosystem 
services.”  However, biodiversity is being lost due to 
environmental destruction brought on by excessive 
development, and ecosystem services are deteriorating 
both qualitatively and quantitatively.1)

With the aim of preserving biodiversity, the 
Sixth Meeting of the Conference of the Parties to the 
Convention on Biological Diversity (CBD COP6) held in 
2002 adopted a strategic plan to “substantially reduce 
the rate of biodiversity loss by 2010 as a contribution 
to poverty alleviation and to the benefit of all life on 
Earth.”2)  Unfortunately, this biodiversity target for 2010 
could not be met.  Then, at CBD COP10 held in Aichi 
Prefecture, Japan, in 2010, the Aichi Biodiversity Targets 
forming the core of “Strategic Plan for Biodiversity 
2011–2020” were adopted, including the “incorpora-
tion of biodiversity values into national accounting 
and reporting systems” as one of those targets.  As a 
result, efforts at incorporating natural capital (for ex-
ample, water, air, soil, fauna, and flora as classified by 
the United Nations Environment Programme – Finance 
Initiative [UNEP FI]) into accounting have been accel-
erating, and a variety of activities have been moving 
forward, including the creation of frameworks and de-
velopment of assessment techniques.3)–6)

2) Natural-capital accounting methodology
Among the different types of natural capital, it is 

important to visualize the existing value of flora and 
fauna and other elements that contribute to biodiver-
sity and to recognize them as things having value.  To 
this end, Fujitsu developed a web application called 
EvaCva (“a-va-see-va”), which uses open data associ-
ated with the environment, society, and economy to 
visualize regional characteristics.7) As an application 
that presents the value of natural capital, EvaCva can 
be used to calculate the value of certain ecosystem 
services from map information, public information, and 
other types of data, present the results of those calcula-
tions to local governments, and provide those results 
for public consumption (Figure 2).  Using previously 
proposed techniques,8),9) EvaCva applies a market-value 
approach to provisioning services such as agricultural 
crops and lumber supply and a replacement cost ap-
proach to regulating services such as filtering and 
recharging groundwater and mitigating climate change 
as a way to monetize these services.

Visualizing the value of ecosystem services in this 
way enables the value of nature, which generally has 
low visibility, to be ranked and recognized as capital 
possessed by society.  If that value can be utilized for 
industrial development and regional revitalization, we 
can expect to see an acceleration of appropriate invest-
ment in the preservation of biodiversity.

Fujitsu is working to achieve natural-capital ac-
counting through the development of a methodology 
for quantifying the state of habitation, focusing on 
flora and fauna (described below), for converting eco-
system services into economic value, and for assessing 
the capital value of flora and fauna.
3) Animal habitability prediction technology

To determine the qualitative and quantitative 
state of flora-and-fauna habitation, information on 
those ecologies has been collected and stored in da-
tabases through ongoing on-site surveys requiring 
a commensurate amount of expenses and person-
hours.10)  With this approach, however, there is a limit 
to the amount of funds and labor that can be applied, 
and at the same time, there is a need for person-
nel with expert knowledge to ensure the reliability of 
the data collected.  In addition, habitat surveys with 
respect to animals tend to be difficult compared with 
those of plant life.

In response to these problems, Fujitsu 
Laboratories developed technology for predicting 
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mammal habitability using existing data on vegeta-
tion, topography, etc. without having to carry out new 
on-site surveys.  Based on animal energy metabolism, 
the method used calculates mammalian population 
density11) from average animal weight and takes the 
inverse of that density to be the area needed for habi-
tation.  It then compares that value with the area in 
the target region applicable to habitation and predicts 
habitability for that region.
4) Trial and rollout of habitability prediction 

technology
Damage to forests caused by the recent and 

rapid increase in the population of Japanese deer has 
become a problem.  This damage includes harm to al-
pine vegetation and trees due to overgrazing as well as 
loss of biodiversity, occurrence of landslides, and other 
disasters.  To address this problem, Fujitsu teamed up 
with the Yamanashi Forest Research Institute to con-
duct a verifi cation trial of this prediction technology 
using Japanese deer as an example.12) 

In the trial, we predicted habitability using 
ecological information unique to the target animal, 
such as the feeding habits (palatable plants) and 

easy-to-inhabit terrain (grade) for Japanese deer, as 
conditions for extracting suitable habitable areas.  
We also made use of information estimated by the 
Yamanashi Forest Research Institute using a statistical 
model based on data on actual Japanese deer, such as 
the population of deer in eight locations, each 10 km 
square.  A comparison of this information with our 
predictions revealed a correlation between the number 
of deer predicted to inhabit an area and data on their 
actual number.

To enable this prediction technology to be used in 
practice for effi cient and effective measures for preserv-
ing biodiversity, we developed a prototype application 
for predicting habitability throughout Japan for a vari-
ety of mammals.  As shown in Figure 3, improvements 
are being made so that prediction results can be ana-
lyzed and the fi xed habitats, migration routes, etc. of 
animals can be estimated. 

3. Environment, society, and economy 
analysis technology
Local governments such as cities, wards, towns, 

and villages require ongoing measures for meeting 

Figure 2 
Assessment of local-government ecosystem services on Shikoku Island, Japan (EvaCva screenshot).
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targets toward a sustainable community based on a 
balance among the environment, society, and econ-
omy.  There is therefore a need to formulate effective 
measures for accurately determining and solving re-
gional problems.

To this end, it is important to make an objective 
analysis of current conditions in the region from data 
and to identify which items constitute problems and 
which items need to be improved.  The EvaCva appli-
cation can clearly display the characteristics (strong 
points, weak points, etc.) of each of Japan’s local gov-
ernment areas (1,741 as of April 1, 2016) by using 
open data that is freely available to the public over the 
Internet.  An EvaCva user selects the name of a local 
government area, selects certain indicators of regional 
characteristics from a total of 182 indicators, and ob-
tains the values of those indicators displayed in the 
form of a radar chart, scatter plot, etc.  In short, EvaCva 
makes it easy to understand regional characteristics 
(Figure 2).  In addition, technology related to linked 
open data (LOD) is put to use in EvaCva, so treating 
open-data indicator values as LOD makes it easy to per-
form analysis of those values combined with other data 
held by the user.

The EvaCva application is also equipped with a 

function for searching for similar local government 
areas. In this case, the user selects the indicator for 
testing similarity and the application extracts similar  
local government areas on the basis of the deviation 
value of that indicator.  In addition to simply similar-
ity, taking into account the deviation of an indicator 
deemed to be a problem makes it possible to search 
from among similar local government areas those that 
can be inferred to have already solved that problem.  
In this way, using data to quantitatively predict the 
effect of introducing certain measures should lead to 
objective investment evaluation and enable effective 
measures to be effi ciently prioritized and implemented.

The diffi culty of using data to predict the ef-
fect of a measure lies in determining the direction of 
cause and effect.  Conventional prediction techniques 
use data having a strong correlation.  For example, 
when predicting the number of births as shown in 
Figure 4 (a), a prediction can be made using the num-
ber of marriages and number of day-care centers for 
children, which have a strong correlation with number 
of births.  However, while calculations could be made 
assuming that the number of births will change given a 
change in the number of day-care centers for children, 
it can also be considered that, in actuality, the number 

Figure 3 
Habitability prediction technology.
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of day-care centers for children will change because 
of a change in the number of births.  In other words, 
predicting the effect of a change simply on the basis of 
a strong correlation can lead to an erroneous decision 
and create the risk of implementing a useless measure.

In light of the above, we devised a technique 
that performs causal inference by calculating a cor-
relation coefficient taking into account the time delay 
(time difference) of changes between indicators from 
time-series data.13)  As shown in Figure 4 (b), this ap-
proach enables the direction of cause and effect to be 
inferred, which in this example can be stated as fol-
lows: a change in the number of marriages causes the 
number of births to change, and a change in the num-
ber of births causes the number of day-care centers to 
change.

Causal relationships were inferred using this tech-
nique from uniform statistical data from 2000 to 2013 
released by 1,741 local governments throughout Japan. 
Causal relationships were inferred to exist for 232 items, 
which enabled the creation of a causal network based 
on those relationships (Figure 5).  For example, it was 
inferred that a change in the number of marriages in a 
region and a change in the number of people moving 
into the region caused the number of births to change.

This causal network can be used to calculate the 
impact of a measure.  First, a multivariate time-series 
analysis is performed on all causal relationships in the 

network to predict an indicator posing a problem.  The 
predicted value X of such a problem indicator takes on 
values corresponding to no measure implemented. 
Next, indicators supporting introduction of that 
measure are changed to the values planned for that 
measure over the first and subsequent years of imple-
mentation.  Predicted value Y of the problem indicator 
is then obtained by performing time-series analysis 
over the entire network in the same way.  The differ-
ence between X and Y is taken to be the impact of that 
measure, taking into account the effect of the entire 
causal network.

The results of testing this technique using past 
data for City A in Miyagi Prefecture are shown in  
Figure 6.  This city undertook residential development 
from 2007 on, and the population increased as more 
people moved into the city.  The graph in the figure, 
however, predicted the effect of this measure in 2006 
at a prior point in time.  The results of predicting the 
population from 2007 on using actual results from 
2000 to 2006 and data on actual move-ins from 2007 
on revealed that the population increase could be in-
ferred with an average yearly error of 1.1%.

In this way, adding prediction that takes causal 
relationships into account to predictions on the effect 
of measures during local government planning enables 
priority implementation of those measures that are ex-
pected to have a major impact. 

Figure 4
Prediction of number of births.
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4. Conclusion
Fujitsu is focused on finding new ways of using 

Green ICT to help achieve a sustainable world.  This 
paper introduced examples of research and develop-
ment toward global sustainability. 

With the aim of achieving natural-capital ac-
counting, one of the Aichi Biodiversity Targets, Fujitsu 
has undertaken the development of an economic-value 
conversion methodology for flora and fauna, the valua-
tion of which is particularly difficult among the various 
types of natural capital.  Relevance analysis plays an 

important role in converting flora and fauna into eco-
nomic values, and Fujitsu has developed technology for 
indicating such relevancy by predicting animal habit-
ability from vegetation.  Going forward, we seek to 
achieve natural-capital accounting through such tech-
nology development and to contribute to accelerated 
preservation of biodiversity.

To make predictions while comprehensively 
taking the environment, society, and economy into ac-
count, a multifaceted approach based on the relevancy 
of multiple factors is needed as opposed to one that 
simply makes individual predictions.  With this in mind, 
we have been researching prediction techniques based 
on causal relationships.  We have so far developed 
technology for automatically inferring cause-and-effect 
relationships by investigating the correlation coef-
ficient between two sets of time-series data, and we 
have successfully created a causal network consisting 
of 232 items related to the environment, society, and 
economy.  This network has made it possible to make 
predictions about the future based on causal relation-
ships.  We are presently conducting trials focused on 
predicting the effect of measures designed to counter 
the falling birth rate problem, for which data are abun-
dant and needs are high.

We plan to test predictions targeting a variety of 
issues and to apply our developed methodology and 
technologies to the causal analysis of environmental 

Figure 5
Causal network based on results of causal inference.
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issues and predictions about the future state of the 
environment.  Additionally, by integrating these 
technologies and achieving a balance among environ-
mental, social, and economic factors in development 
planning, Fujitsu aims to contribute to the creation of a 
sustainable society through the effective use of Green ICT.
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