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Abstract

Throughout Japan, municipal governments are required to implement the Comprehensive Strategy for Revitaliz-
ing Towns, People and Work. To ensure efficient and carefully planned management of policies and projects in ar-
eas such as financial affairs, childcare, and community revitalization, a new methodology for policy-making that
derives insights from data collected from various sources needs to be examined and established. In this paper,
we describe the actions undertaken by Okazaki City and Mito City in pursuit of this goal.
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1. Introduction

In recent years, the evolution of big data and the ex-
pansion of IoT (Internet of Things) technologies have
encouraged more and more municipalities in Japan to
seek ways to exploit the large amounts of data collected
from various sources together with the analytical power
of AI to plan new strategies in line with the national gov-
ernment’s Act on Overcoming Population Decline and Vi-
talizing Local Economies in Japan, which was decreed on
November 28, 2014. Using the Comprehensive Strategy
for Revitalizing Towns, People and Work as a blueprint,
Okazaki City in Aichi Prefecture and Mito City in Ibara-
ki Prefecture, working in close collaboration with NEC,
launched a number of initiatives aimed at actualizing the
principles of the Comprehensive Strategy.

2. Okazaki City Case Study: Using Data Analysis to Support
Administrative Planning

2.1 Background of data analysis initiative

Committed to adhering as closely as possible to the

strategy formulated in the Comprehensive Strategy for
Revitalizing Towns, People and Work, Okazaki City want-
ed to find a way to better exploit the huge amounts of
data it had already collected. Over the years, NEC has
developed an extensive portfolio of data-driven projects,
accumulating the experience and expertise in big data
and AI analytics to provide the support the City needed
to successfully realize its goals.

2.2 Issue 1: Population maintenance and increase - analysis
of open data obtained from core cities

Limiting or reversing population decline is one of the
nation’s greatest challenges. At the local level, it can af-
fect not only the sustainability of a municipality, but its
very existence. To address this issue, we decided that,
in addition to using data obtained from Okazaki City, we
would also use open data from core cities throughout
Japan.

The first step was to perform a correlation analysis.
What we mean here by correlation analysis is an anal-
ysis method used to determine if there is a correlation
(linear relationship) between variables. By calculating
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Factors that contribute to a high TFR include:

(1) Motorized society (2) Large area and low density (3) Less oversized garbage
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Fig. 1 Results of Correlation Analysis (All Core Cities).

correlation coefficients, you can objectively indicate
relationship between variables with numerical values.
Data items that correlate highly with the total fertility
rate (TFR) are listed in descending order in Fig. 1.

As shown in this table, the factors that are highly cor-
related with a high TFR are: (1) motorized society, (2)
large area and low population density, and (3) less over-
sized garbage. While these correlations do not demon-
strate a cause-and-effect relationship, it makes sense to
prioritize policies that support these factors.

2.3 Issue 2: Fiscal forecast

Every year, municipal governments typically formu-
late their budgets based on estimates of the revenues
and expenditures for the next fiscal year. Administrative
planning is based on the budget. As revenues and ex-
penditures are difficult to predict, the budget is not set
in stone and a reserve fund must always be secured.
Securing a reserve fund may sometimes make it nec-
essary to put off some projects. We verified whether a
fiscal forecast that applied various algorithms to past
expenditure data would make it possible to formulate a
reliable budget that would have higher precision than a
conventional budget dependent on the experience and
intuition of municipal staffers.

Fig. 2 shows the results of the verification where we
used the financial system data for the past six years as
learning material and tried to see how close we could
get to the actual past results.

These graphs compare the differences between the
forecast values and the actual results in fiscal 2015. The
column graph on the left shows yearly comparisons of
the budget, results, and forecasted civil-engineering
expenses while the line graph on the right shows the
transition in expenditures by month. In the graph on the

left, the left column represents the budget, the center
the result, and the right the forecast. In the graph on
the right, the actual results and forecast values are rep-
resented with lines, while the range with 90% reliability
is shaded.

As is clear from these graphs, the difference between
the actual civil-engineering expenditures and the budget
is 1 billion yen, while the difference between the actual
expenditures and the forecast is 390 million yen. Had
the forecast been adopted, a budget reduction of 610
million yen would have been possible. Moreover, the
monthly forecast is highly precise and seasonal fluctua-
tions can also be forecast.

For the time-series analysis, we analyzed each ex-
penditure item. The aggregated results of this analysis
are shown in the column graph in Fig. 3. The stacked
column on the left represents the results when budget
is subtracted from the result - which is the actual con-
dition. The stacked column on the right is the represen-
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Fig. 2 Analysis Results: Time-series Analysis
(by Month/Year) - Civil Engineering Expenditures.

There is a 1.07 billion yen reduction effect in the forecast with respect to the budget
when the compensation expenses are taken into consideration.
— This makes it possible to invest the amount of the reduction effect in projects to
which no budgetary allocation would otherwise be provided.
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Fig. 3 Results: Summary of Time-series Analysis.
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tation when the result is subtracted from the forecast.
When you compare it with the actual condition, you can
know that there is a 1.07 billion yen difference. This
clarifies that it is still possible to improve the accuracy
through analysis.

It should also be noted that, although the reduction
effect is obvious, there are far more items that fall in
the category of compensation expenses (deficit) in the
“Forecast ? Result” column. This is the issue we need to
address in the future.

2.4 Issue 3: Resident satisfaction survey

To turn the resident satisfaction survey results into
quantitative data, we conducted a regression analysis
in which we analyzed the relationships between the
projects. Fig. 4 shows the results of this analysis. We
performed regression analysis by asking the citizens to
check the most appropriate answer to each question as
follows:

1. Very dissatisfied

2. Slightly dissatisfied

3. Neither satisfied nor dissatisfied

4. Slightly satisfied

5. Very satisfied

These answers were then turned into numerical value
data and subjected to regression analysis. In Fig. 4 be-
low, the issues that can affect overall satisfaction - which
was rated independently of other entries - are listed from
left to right in the order of higher to lower scores. This
graph makes it clear that projects such as living infra-
structure, civic life, and urban attractiveness can exert
more influence on overall satisfaction than other proj-
ects.

We also performed text mining using Al in the free
comment field of the questionnaire®. Text mining is a

The issues that exert the most influence on overall satisfaction are living
infrastructure, civic life, and urban attractiveness. These have broader appeal
and any enhancements are more likely to actually be noticed.

s o I
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on overall satisfaction. discern.

Policies that benefit all
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Fig. 4 Analysis of Factors Contributing to Satisfaction: Results
of Regression Analysis.
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Fig. 5 Analysis Results: Okazaki City Overall.

process of deriving high-quality information from text by
breaking down the aggregated text by word and analyz-
ing its structure.

We applied text mining to the entries in the free com-
ment field to find out what residents wanted. The results
were broken down by sex and generation. Fig. 5 shows
the relationships between words, as well as between
sexes and generations after breaking down the text by
word. In this chart, we get a bird’s-eye view of those
relationships. For example, we can see that demand for
public facilities in general is high among females in their
20s to 30s, while demand more specifically for parks
and hospitals is high among females in their 20s. As the
age of the respondents increases, the relationship with
the word “bus” becomes closer, suggesting that elderly
people may be more likely to use buses than cars.

As we can see from the chart above, using Al to ana-
lyze the survey results enabled us to better comprehend
how and what the citizens were thinking.
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3. Mito City Case Study: Using Data Analysis for
Fiscal Expenditure Optimization, Accounting Efficiency
Improvement, and Internal Control

3.1 Analysis of fiscal expenditure forecast

As we did in Okazaki City, we used big data analytics
to forecast social assistance expenditures to support
budget formulation for the municipal government of Mito
City. We used Python Statsmodels, which is the world’s
leading open source statistical modeling software, to
create a time-series analysis model. When we predict-
ed the social assistance expenditure in FY 2016 based
on the 3-year expenditure results from FY 2013 to FY
2015 using this model, we discovered that the model’s
forecast values were closer to the actual values (within
about 100 million yen) than the requested budgetary
amount. Hence, we confirmed that a time-series anal-
ysis model would be an effective tool for improving the
accuracy of budget formulation.

In the future, we plan to conduct further verification
of time-series analysis models in budgetary formulation
and financial planning at relevant departments of the
city by breaking down the forecast units by department,
project, and month.

3.2 Improving accounting efficiency - automatic entry of with-
holding tax classifications

We also tested out the possibility of using AI technolo-
gy to automatically determine what to enter in financial
documents - especially for entries that are difficult to
resolve. We used our machine-learning software called
NEC Advanced Analytics-Text Analysis to create a model
that would predict withholding tax classifications and
expenditure items (sections) in accordance with the
subjects of financial documents. And we were able to
achieve very high F1 scores™ of 98% for the prediction
of withholding tax classifications and 97% for the pre-
diction of expenditure items (sections). If such auto-
matic entry support functionality and screening support
functionality are packaged in a financial accounting
system and offered to customers, it would be possible
for them to dramatically reduce the time required for
these tasks. For instance, let’s assume that a 15-min-
ute reduction in per case processing time to produce a
financial document (including improvement in the return
rate) is achieved. If this improvement is applied to an
organization that produces 150,000 documents a year, a
reduction of 37,500 man-hours can be achieved, leading

Fig. 6 Visualization of Staff Activities and Transactions.

to significant cost-savings on the order of a few hundred
million yen per year.

We plan to continue this study and hope that we will
be able to contribute to work-style reform in municipal
governments, thereby reducing municipal expenditures.

3.3 Internal control - anomaly detection

The Local Autonomy Law was revised in June 2017.
Taking effect as of April 2020, the revised law will require
major municipalities (recommends smaller municipalities)
to enhance their internal controls and to reform their
audit systems. In collaboration with Mito City, we began
researching and developing a system to support internal
control and audit operations. Currently, internal munici-
pal audits usually involve sampling of paper evidence. In
the future, preventive audits - which are closer in con-
cept to internal controls - are expected to be required,
rather than conventional audits which only find problems
after they have occurred. For this project, we developed
Al functionality that predicts failures to create payment
documents or settle accounts and warns of them. The
effectiveness of this technology is now being evaluated.
We are also working to develop anomaly detection func-
tionality for financial and accounting data to monitor and
deter accounting and financial fraud (Fig. 6).

4. Conclusion

As cities throughout Japan explore the radical poten-
tial of big data and Al for creating smarter, more effi-
cient urban environments that take advantage of highly
networked services, NEC has played an active role in
supporting municipalities as they progress towards this
end by providing appropriate technologies, helping iden-
tify issues, and generating data-based solutions. In col-

“ Indices for evaluation of search performance. Also called F-measure. The balanced F1 score is the harmonic mean of precision and recall.
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laboration with Okazaki City and Mito City, we have test-
ed and verified feasible solutions that use data analysis
and Al to streamline budgetary procedures and reduce
expenditures.
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