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13 Abstract: It is important for enterprises to decide their environmental policies after carefully
14 examining their future paths based on the relationship between the environment and the economy.
15 This study focused on Japanese minimum administrative divisions (municipalities) and attempted
16 to quantify the annual environmental efficiency of production activities within each division
17 according to the theory of life-cycle impact assessment (LCIA). Included in the LCIA process is
18 “integration,” which is the methodology whereby a number of environmental loads that affect
19 various impact categories, such as global warming, air pollution, and land use, are integrated into
20 an assessment result represented by a simple indicator. First, annual environmental impact
21 assessments were conducted for all Japanese municipalities based on statistical information that
22 was reliable, verifiable, and comparable. Next, the environmental efficiency of productivity for
23 each division was conceptualized by dividing the gross domestic product (GRP) by the
24 environmental damage amounts calculated by the theory of LCIA. Assessment results for each
25 municipality were placed on a map of Japan in order to visualize the regionality of each indicator.
26 The findings revealed in this study will aid public administrators in their decision-making process
27 with respect to environmental policies.

28 Keywords: LCIA method; local government; statistical information; gross regional product;
29 environmental accounting

30

31 1. Introduction

32 Recent international frameworks such as the Sustainable Development Goals (SDGs) and the
33  Paris Agreement have been enacted to promote global cooperation toward achieving environmental
34  conservation. At the same time, more and more companies have begun to recognize the importance
35  of creating environmental policies after carefully examining their future plans and considering their
36 business activities in relation to the environment and the economy. In this context, the United
37  Nations in 2012 published “The System of Environmental-Economic Accounting (SEEA)” [1], an
38  international standard framework that integrates economic and environmental information. In
39  Japan, the Ministry of the Environment published “Environmental Accounting Guidelines 2005” [2],
40  which lays out a system by which an organization reports its environmental activities in monetary
41  terms; these guidelines have been widely adopted and utilized by Japanese companies. The revised
42  version, “Environmental Reporting Guidelines 2018” [3], describes a unified principle of
43  environmental conservation applicable to all domestic organizations and seeks to promote
44 environmental accounting more aggressively. It has therefore become increasingly important for
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45  enterprises in Japan to recognize, quantitatively measure, and express their own environmental
46  impacts in order to build a more sustainable society.

47 In recent years, not only have many companies around the world introduced environmental
48  accounting into their business practices, but many public agencies, including local governments,
49  have also begun to incorporate this approach as part of their financial accounting practices. Indeed,
50  there are examples ranging from local to national governments: Eurobodalla Shire in Australia
951  publishes annual statistics on its sustention of assets related to environmental conservation [4];
52 Washington State in the U.S. publishes both a strategic plan and a draft budget for a statewide
53  environmental project every two years [5]; and the statistical department of the United Kingdom
54  publishes annual environmental reports on the entire nation based on the SEEA framework [6].
55  However, compared with private companies and national governments, it may be more difficult for
56  local governments to measure the environmental loads of their own administrative divisions in an
57  objective way because such an assessment must be conducted over a wide geographical area and
58  requires the expertise of specialists in many kinds of environmental fields, yet local governments
59  often lack the resources necessary to do so. To date, no country has established a unified system of
60  environmental accounting at the local government level; as a consequence, environmental
61  accounting has not been adopted by local governments as widely as private companies.

62 In Japan, the trend of enterprises self-reporting their environmental activities both
63  quantitatively and monetarily emerged in the early 1990s, with many private companies becoming
64  early adopters. Some local governments also proactively introduced the practice; for example, the
65 cities of Yokosuka and Sabae now publish environmental accounting reports on an annual basis
66  using one-of-a-kind methods [7-8]. However, whereas private companies can make use of the
67  “Environmental Accounting Guidelines 2005,” no official environmental accounting guidelines for
68  public agencies have been provided by the government of Japan, so local governments must devise
69  their own individual methods to assess their local environmental conditions.

70 Studies on environmental accounting by governments from local to the national level have been
71 conducted in the fields of economics and accounting. Ball examined the modality of environmental
72 accounting through an analysis of local councils in the United Kingdom in the 2000s [9]. Qian et al.
73 proposed the ideas to improve the environmental accounting conducted by the government of New
74 South Wales in Australia with respect to waste management [10-12]. Muller et al. provided a
75  framework for evaluating the economic damage related to air pollution emitted by each industry in
76  the U.S [13]. In addition, some studies have surveyed and analyzed the actual environmental
77  management conditions, of specific local governments around the world [14-16]. However, the
78  examples provided by these studies have shown that calculations of environmental loads in certain
79  areas are limited in that they focus on only a single environmental category. By fusing
80  environmental accounting practices with the knowledge of environmental science, it may be
81  possible to establish a new framework that integrates a number of categories to comprehensively
82  assess the environmental loads of a given area.

83 Life-cycle impact assessment (LCIA) is one aspect of research in the field life-cycle assessment,
84  whereby environmental loads throughout the life cycle of products and services are measured in a
85  quantitative way. Included in the LCIA process is “integration,” which is the methodology whereby
86  anumber of environmental loads that affect various impact categories, such as global warming, air
87  pollution, and land use, are integrated into an assessment result represented by a simple indicator.
88  Assessment methods that include the theory of integration, such as ExternE [17] and EPS [18], have
89  already been developed. Additionally, other studies that have measured the environmental loads of
90  spatial scopes, such as countries and regions, have reported results using several values, including
91  carbon footprint and land footprint [19-23]. However, a methodology incorporating these
92 approaches for environmental accounting has not been established on a global scale, nor are there
93  any international standards. It is therefore possible that the LCIA may prove beneficial in helping to
94 construct a unified methodology for environmental accounting of local governments, which they
95  can use to make informed decisions concerning local environmental policies.
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96 This study focused on minimum administrative divisions (municipalities) in Japan and, using

97  the LCIA method, attempted to comprehensively measure environmental loads emitted in each

98  division during a certain period. This study leverages the assessment theory Life-Cycle Impact

99  Assessment Method Based on Endpoint Modeling 2 (LIME2) [24, 25], which was developed in 2010.
100  This is an endpoint-type LCIA method and can be used to calculate environmental impacts that
101  reflect environmental conditions and knowledge unique to Japan. LIME2 incorporates the
102  abovementioned “integration” theory of LCIA and calculates assessment results in monetary units
103  called the “Eco-index Yen” (unit: Japanese yen) while integrating the environmental loads of several
104  impact categories. Naturally, it is impossible to understand everything happening within each
105  division therefore, the aim of this study was to capture the circumstances of local governments with
106  respect to environmental accounting as comprehensively as possible within the range of LIME2,
107  using statistical information available in Japan. In addition, this study aimed to conceptualize
108  environmental efficiency and compare the assessment results with the area, population, and gross
109  regional product (GRP) of each administrative division. Through comparative examination of the
110  environmental efficiencies of Japanese municipalities based on these indicators, this study sought to
111  provide new insights to aid public administrators in their decision-making process with respect to
112 environmental policies.

113 2. Methodology

114 2.1. Research Approach

115 This study used LIME2 to assess the environmental loads of administrative divisions (i.e.,
116  municipalities) in Japan. The assessment results were divided by the area and population of each
117  municipality to quantify environmental efficiency during a given period. In addition, the
118  environmental efficiency of productivity was conceptualized for each administrative division by
119  dividing the annual GRP by the annual values of environmental loads. These results were placed on
120  a map of Japan to visualize the regionality of these concepts. The basic assessment points are
121  described below.

122 First, the period for assessment is defined as one year, based on the assumption that assessment
123 results will correspond to the fiscal years of local governments as well as the enterprises in their
124 administrative division, which will allow for definitive comparisons of industrial and environmental
125  statistics. For the purposes of this assessment, the year 2015 was chosen because a comparatively
126  large number of relevant statistical investigations were conducted that year.

127 Second, the counting scope for assessing environmental loads is defined in accordance with the
128  role of the local government. According to Japanese law, local governments shall autonomously and
129  comprehensively carry out public administration mainly for the purpose of improving the welfare of
130  local residents. Thus, this study defines the counting scope of environmental loads as all operations
131  carried out within the area of the administrative division and within the range for which the
132 required statistics are available, based on the assumption that municipalities have responsibilities
133 providing them a broad perspective of the current circumstances throughout their divisions. This
134 includes not only the public-works operations led by municipalities, but also the operations of
135  private companies and households. Incidentally, it excludes household and transport statistics when
136  calculating the environmental efficiency of productivity.

137  2.2. LIME2 Model

138 This section provides a summary of the LIME2 assessment method developed by Itsubo and
139  Inaba [24, 25]. LIME2 is an endpoint-type LCIA method developed in Japan and is based on
140  environmental conditions and knowledge unique to Japan. LCIA systems generally comprise two
141  processes, characterization and integration. Characterization is a process for measuring the
142 environmental impacts of products and services throughout their life cycles on a specific impact
143 category. Integration is a process for obtaining an assessment result for a single indicator, by
144 integrating the environmental impacts of several impact categories. The assessment theory of LIME2
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145  includes both of these processes and shows their assessment results as the cost of environmental
146  impacts over a certain period with the monetary indicator Eco-index Yen (unit: Japanese yen), which
147  is defined in this theory. The assessment framework of LIME2 is shown in Figure 1.
148
| Inventory | | Impact category | | Category endpoints | | Safeguard subject |
PM10 Urban air pollution Respiratory iliness
Formaldehyde Sick house syndrome
Benzen Indoorair pollution Cancer generation
Human health
TCDD Human toxicity Chronic illness DALYs
Lead Road traffic noise Annoyance
Traffic Sleep disorder
HCFCs % odég?ri é%ﬁr Cataract ool acaete
CO, Global warming Infection Yen
SO, Thermal stress
NOx PhOthCgﬁénical Disaster damage Single index
Total N Biological Plant growth Eco-index Yen
Total P toxicity Farm products Biolgli’:l/;rssity
NMVOC Acidification Land
Waste Eutrophication Marine products
Land Energy
Copper Waste User cost PrimarprPrgduction
Qil Land use Phytoplankton
Natural gas § Terrestrial species
Resource
Wood consumption Marine species
ES g~ g~
149 Characterization | | Damage assessment | | Impact assessment | | Integration
150
151 Figure 1. LIME2 assessment framework [14]
152
153 The LIME2 framework comprises 13 impact categories (e.g., urban air pollution and global
154  warming), with one or more inventories designated for each impact category. The assessment
155  proceeds as follows. First, each impact category is characterized according to an inventory. Second,
156  damage assessments are conducted to measure the impact of each impact category on each category
157  endpoint (e.g., respiratory illness and disaster damage). Third, for each category endpoint, impact
158 assessments are performed for 4 safeguard subjects: human health, social assets, biodiversity, and
159  primary production. Finally, the results of these impact assessments are integrated into a single
160  indicator.
161 In LIME2, the stated preference method is used to evaluate the economic impact of
162  environmental loads. The stated preference method is a concept from economic science, whereby
163  certain values are derived from the value judgements of a number of individuals. It is for measuring
164  abstract values when making comparisons between different subjects. Through the process of
165  integration in LIME2, the assessment results of the 4 safeguard subjects are weighted by conjoint
166  analysis based on a questionnaire survey of people’s values. The assessment results are converted
167  into a monetary value that can be viewed as a reflection of Japanese environmental values. By using
168  this approach, the environmental loads of several inventories become comparable. For all
169  inventories, LIME2 has integration factors that were calculated to reflect each step in the assessment
170  procedure. The single indicator is directly obtained by multiplying the integration factors with
171  corresponding inventory data and summing these values. The calculation formula is as follows.
172
173
174
175 SI=>"Inv(X)? IF X) (1)
X
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176 SI : Single indicator (Eco-index yen) [yen] Ino(X) : Inventory of substance X [kg]
177 IF(X) : Integration factor of substance X [yen/kg]
178
179 In LIME2, environmental impacts are calculated according to where environmental loads are

180  emitted within Japan. Even if a product that is produced in Japan is exported and consumed in
181  another country, the assessment calculation does not change because the environmental loads
182  resulting from production have an impact domestically. In contrast, the impact category “resource
183  consumption” takes into account products imported into Japan. LIME2 can assess the environmental
184  impact of consuming certain natural resources. However, because Japan relies heavily on imports of
185  natural resources from other countries, the environmental impact on other countries are calculated
186  according to the data on Japan’s average annual imports of natural resource.

187 The integration factors of two impact categories, photochemical ozone and atmospheric
188  pollution, are provided by regions in Japan in order to calculate the environmental impact as a
189  reflection of each environmental condition, such as climate. But this study used the integration
190  factors provided as a standard value for all regions in Japan to assess all impact categories uniformly
191  because one purpose of this study was to assess all administrative divisions based on the same
192  conditions in order to compare the results according to differences in inventory data from this study

193  alone.

194  2.3.1dentification of Environmental Load Location

195 This section describes the locational perspective of environmental load. It is necessary to
196  standardize the method for calculating the individual transboundary movement of products
197  between divisions in order to measure environmental loads emitted from spatial objects, which is
198  the purpose of this study. For example, if environmental loads have trended downward in a certain
199  division which is home to various manufacturing facilities, this outcome should not be interpreted
200  as the sole effort of the municipality because the divisional cooperation of industry has been
201  established in modern society.

202 Several studies have discussed who is responsible for the environmental loads related to certain
203  categories. For example, Gallego et al., Rodrigues et al., Lenzen et al., and Marques et al. used
204  interindustry analyses to examine the sharing of responsibility for greenhouse gas (GHG) emissions
205  between producers and consumers of certain products [26-32]. There are some other studies that
206 discussed the responsibilities of GHG emissions [33, 34]. In addition, Cordier et al. analyzed the
207 shared environmental responsibilities for marine ecosystems [35]. In these studies, the researchers
208  basically created a framework of environmental responsibility by classifying emitters as either
209  producers (places of production) or consumers (places of consumption).

210 However, it might have proved difficult to apply this framework to the assessment concept of
211  this study, in which the environmental loads of various impact categories from various operations
212  were targeted. While it may be possible to draw clear distinctions between producers and
213  consumers of agricultural crops and manufacturing products throughout their life cycles, it is
214 difficult to classify the environmental responsibilities of service industries such as GHG emissions
215  and land use for medical services and educations. Accordingly, a different approach was taken for
216  the assessment conducted in this study, with a focus on the environmental responsibilities of
217  administrative units at the level of municipalities.

218 Thus, this study tentatively proposed two principles for assessing Japanese divisions: territorial
219  occurrence and territorial benefit. Territorial occurrence is defined as the environmental loads
220  emitted through the life cycle of a product or service, which includes production, consumption
221  (operation), and disposal, and is counted in the administrative divisions where these loads were
222  emitted. In contrast, territorial benefit is defined as the environmental loads in the administrative
223  division that benefitted from the product or service; in this way, an accurate assessment of the
224 environmental impact of the product or service is achieved. For example, when a product is
225  produced in area A and consumed in area B, the environmental loads emitted through the
226  production of the product are counted in area A under the former principle and in area B under the
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227 latter. Furthermore, when an inhabitant lives in area C and is treated at a hospital in area D, the
228  environmental loads emitted through the treatment are counted in area D under the former principle
229  and in area C under the latter.

230 An assessment based on the principle of territorial benefit is ideal for correctly capturing the
231  individual effort and responsibility of each municipality. For such an assessment, it is necessary to
232  prepare inventory data reflecting the transboundary movement of products and services coverage
233  for all divisions domestically and internationally. However, it is not easy to clarify industrial
234 structure numerically at the municipal level in Japan. Accordingly, the principle of territorial
235  occurrence was chosen for this study because of its precision with respect to assessment results and
236  the availability of required data. This allowed for a focus on the practical calculation of
237 environmental loads in administrative divisions nationwide. Moreover, the value of environmental
238  loads based on this principle appeared to be comparable to the value of GRP for each administrative
239  division because GRP is counted in the divisions where the added values are produced.
240  Development of an assessment method based on the principle of territorial benefit will be a
241  challenge for the future.

242  2.4. Assignment of Responsibility for Environmental Loads among Municipalities

243 This section describes the responsibility of municipalities for the environmental load
244 assessment results in this study, which should be defined because LIME2 shows the calculated
245  results as a monetary indicator. LIME2 is supposed to be utilized in Japan. However, the area
246  affected by environmental impacts, such as regions within Japan, Japan as a whole, and the entire
247  world, differ between each impact category. For example, the impact area of respiratory illness
248  caused by air-pollution substances is limited to a certain region where these particles are suspended
249  in the atmosphere. In contrast, the impact area of global warming caused by GHG is the entire
250  world. The assessment theory of LIME2 is based on individual impact areas according to each
251  impact category. Therefore, the assessment results based on this method include environmental
252  loads that affect foreign countries in part or in total, so it may be excessive for Japanese
253  municipalities to interpret these results as their individual responsibilities. It is necessary to arrange
254 these concepts in order to apply this method to municipalities.

255 This study takes the position that the Japanese government has complete responsibility for the
256  environmental loads emitted within Japanese territory. To explain municipalities’ responsibilities for
257  their impact on foreign countries, Japan is a member of several international organizations,
258  including the United Nations, and is recognized as a nation with a great responsibility for the global
259  environment as a leading member of the international community. As such, the Japanese nation
260  must take full responsibility for environmental loads caused by operations within Japanese territory
261  that have impacts on the global environment.

262 Accordingly, this study defines all environmental loads calculated in Japan as being counted
263  toward the total damage on environmental assets both at home and abroad, where responsibility
264  belongs to the Japanese government. Here, environmental assets are interpreted as the 4 safeguard
265  subjects mentioned above: human health, social assets, biodiversity, and primary production. The
266  assessment results expressed as a monetary unit is called the “damage amount on environmental
267  assets” in this study. Based on this interpretation, municipalities shall uniformly be responsible for
268  individual damage amounts because they are part of the Japanese nation.

269  2.5. Data Inventory

270 This section describes the preparation of LIME2 inventory data from statistical information in
271  Japan. The LIME2 assessment framework comprises 13 impact categories, each of which is made up
272  of several inventory items. However, because it was not practical to prepare all these inventory data,
273 it was necessary to select which items to include based on a consideration of the assessment purpose,
274 availability for information, and accuracy of the collected data. Thus, the availability of statistical
275  information for all inventory items at the level of Japanese municipalities was surveyed before
276  starting the study.
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277 Publicly available statistical information that was uniformly collected or estimated by
278  governmental agencies in Japan was used to ensure that the inventory data was reliable, verifiable,
279  and comparable across all divisions in order to make a valid assessment of Japanese municipalities
280  nationwide. Specifically, statistical information from the year 2015 was chosen. When data for 2015
281  was not available, data from the year closest to 2015 was used instead.

282 Japan consists of 47 prefectures, which in turn consist of 1,747 municipalities. This study
283  prioritized the uniform use of statistical information across all Japanese municipalities, with an aim
284  to provide useful knowledge to local governments throughout the country. When statistical
285 information at the municipal level was unavailable, it was estimated based on information collected
286 at the prefectural level. In the end, the statistical information of 6 municipalities (Shikotan, Tomari,
287 Ruyobetsu, Rubetsu, Shana, and Shibetoro in Hokkaido) was insufficient and therefore removed
288  from the assessments in this study. These survey results are shown in Table 1, which describes the
289  inventory items for which data was available, the number of these inventory items, the government
290 ministry that conducted the statistical investigation, the indicator for the assessment of
291  municipalities in this study, and the minimum administrative unit for which data was available,
292  according to all 13 impact categories.

Table 1. Survey results for availability of LIME2 inventory data of collected by Japanese administrative divisions

Ministry that conducted Indicator Administrative

*
Impact category Inventory (number) the investigation for assessment  unit

Ozone layer destruction ~ Various chemicals (21)

Photochemical ozone Various chemicals (58)
. . . Ministry of .
H t \% h Is (99 y
uman toxicity arious chemicals (99) Economy, Trade Emlss1c;nk Municipalities
Biological toxicity Various chemicals (127) and Industry [36] amount [kg]
Eutrophication Various chemicals (17)
Various chemicals (19)
Global warming Ministry of the Emission e
Co:(1) Environment [37] amount [kg] Municipalities
. Ministry of Land,
Various types of ! Current e
Land use Infrastructure, ) Municipalities
land use (5) Transport and Tourism [38] area [km?]
Ministry of .
. Coal, natural gas, Consumption
Resource consumption . Economy, Trade Prefectures
crude oil (3) and Industry [39] amount [kg]
Acidification S0z, NO: (2) Ministry of the Emission Prefectures,
. . Environment [40] amount [kg] and some
Atmospheric pollution 502, NO:2 (2) municipalities
Various types of Ministry of the Disposal e
Waste domestic waste (1) Environment [41] amount [kg] Municipalities
Road traffi . Travel distances mxzﬁﬁgﬁsnd’ Travel E;fifesgt;fs’
oad traffic noise 4 i
by type of car (4) Transport and Tourism [42] distance [km] municipalities
Indoor air pollution Various chemicals (-) - - -
* the inventory items which data was available, and number of these inventory items
293 As shown in the rightmost column of Table 1, some inventory data was not available at the

294  municipal level for the 4 impact categories: resource consumption, acidification, urban air pollution,
295  and road traffic noise. As previously mentioned, the solution to this problem was to estimate from
296  the prefectural data, using a method published by the Japanese Ministry of the Environment [43]. As
297  shown in the sixth row of Table 1, the Ministry publishes statistical information about annual CO2
298  emissions at the municipal level. In this study, the CO: emission data at the municipal level is
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299  estimated from the data at the prefectural level, based on proportion distribution using other
300  indicators. The estimation formula is as follows.

D
301 Inv,,,,(X)=1Inv,(X)? ﬁ ()
302 Invmn (X) : Inventory data at the municipal level
303 Invpre (X) : Inventory data at the prefectural level
304 Diun : Other indicator for proportion distribution at the municipal level
305 Dpre : Other indicator for proportion distribution at the prefectural level
306
307 In its method, the Ministry used the indicators “shipment value of manufactured goods” in the

308  manufacturing sector, “number of employees” in industrial sectors except manufacturing, “number
309 of households” in the residential sector, and “number of automobiles owned in divisions” in the
310 transportation sector, as the factors for “D” in Eq. (2). The Ministry explains that this is one of the
311  simplest methods to estimate data at the municipal level from data at the prefectural level, and it is
312  suitable for approximating the overall data for each administrative division in Japan [43].

313 Next, the points to note about statistical information shown in Table 1 are described below for
314  each impact category. Regarding the CO:2 emissions in the global warming category, the Ministry of
315  the Environment collects data on the 6 types of GHG emissions: CO,, CHi N0, HFCs
316  (hydrofluorocarbons), PFCs (perfluorocarbons), and SFs. The Ministry converts the greenhouse
317 effects of these substances into the effect of CO2z, and their summations are published as the
318  equivalent mass of CO2. Accordingly, this study referred to this data as the emission of CO2 and
319  uniformly used the integration factor of CO:2 for these data. Incidentally, the 19 substances counted
320  for global warming by the Ministry of Economy, Trade and Industry do not include these 6 types of
321 GHG.

322 The data on land use comes from geographic information system (GIS) data published by the
323  Ministry of Land, Infrastructure, Transport and Tourism. This data shows different types of land
324 use, indicated as percentage per square kilometer. For this study, the data was converted for the
325  administrative divisions of each municipality using ArcGIS (v 10.5) software. Assessment targets
326  were limited to man-made land use types, such as paddy field, cropland, building site, road site, and
327  other site (e.g., golf course).

328 LIME2 assesses waste according to type, including paper, plastic, metal, and so on. But the
329  required data on disposal condition according to type published in Japanese statistical information
330  isincomplete. Therefore, this study used the integration factor prepared as a standard for all types of
331  waste for the total disposal amount of all types of waste by each municipality.

332 For indoor air pollution, LIME2 assesses environmental loads based on the mass of toxic
333  chemical materials produced in residential houses during construction and inhabitation. While these
334  inventory data are required for assessment, it is not easy to collect or estimate these data for all
335  residential houses in each administrative division. Moreover, this category does not correspond with
336  the concept of assessing all municipalities nationwide. Accordingly, this category was excluded as
337  an assessment target.

338  2.6. Conceptualization of Environmental Efficiency

339 The environmental loads of individual municipalities were thought to be largely related to area
340  and population size, with larger municipalities tending to have larger loads. Accordingly, this study
341  attempted to conceptualize environmental efficiency by dividing the values derived from
342  assessment results by the administrative areas and their populations in 2015. This made it possible to
343  compare environmental loads separately from size and to examine the qualities of each municipality
344  from various perspectives.

345 However, the damage amount per area and per capita was thought to tend to be higher in
346  administrative divisions with more active industries. Therefore, it is still not appropriate to directly


https://doi.org/10.20944/preprints201904.0080.v2
https://doi.org/10.3390/su11154045

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2019 d0i:10.20944/preprints201904.0080.v2

9 of 21

347  judge the environmental efficiency of municipalities based on these indicator alone. In order to
348  measure this concept more accurately, the benefits realized from the processes resulting in these
349  damage amounts must also be quantified and their rates must be calculated. This study therefore
350 attempted to conceptualize the environmental efficiency of administrative divisions by using the
351  indicator, GRP. This indicator is total amount of value added by all industries in a given division
352  over a given period and is indicated by a monetary unit. Gross domestic product (GDP) is
353 commonly used as the indicator at the national level, and GRP is the same indicator at a regional
354 level within a country. It is one of the most representative indicators for this purpose and statistical
355  information is available for each municipality in Japan. Accordingly, this study defined the unique
356  index by dividing the value of GRP (unit: Japanese yen) by value of damage amount (unit: Japanese
357  yen). This indicator is called the “environmental efficiency for productivity (unit: dimensionless)” in
358  this study, and the calculation formula is as follows.

359

360 (Environmental efficiency for productivity) [-] = (CRP) [yen] 3)
(Damage amount) [yen]

361

362 This study referred to the statistical information on GRP for each municipality published by

363  Ministry of Economy, Trade and Industry. Because statistical research was not conducted in 2015,
364 the data from 2016 was used instead. Furthermore, the indicator for normal GRP was used, which is
365  based on commodity prices in 2016. It was also necessary to recalculate the damage amounts for
366  certain sectors that were assessable by GRP indicators in order to make them correspond to both
367 indicators for the assessment. Thus, the damage amount was limited to the amount for the industry
368  sector (which includes the service industry) in all impact categories; the amounts for the household
369  and transport sectors were excluded in this section. This damage amount indicator is called the
370  “production damage amount”. For example, the CO2 emissions related to consumption of heating
371  energy by households was not included in the damage amount for the global warming category.
372  Additionally, the damage amounts for domestic waste and road traffic noise were excluded because
373  these amounts were wholly caused by the household and transport sectors. The damage amounts for
374 land use were also reluctantly excluded because they were impossible to classify for certain sectors
375  due to the nature of the statistical information. Incidentally, it is preferable to use damage amounts
376  under the principle of territorial occurrence in this section because the administrative division where
377  the added value was counted is same division where the related environmental load was emitted.
378 In economics, “flow” is the amount that something changes over a given period of time and
379  “stock” is the storage of something at a particular point in time. The indicators of GRP and
380  production damage amount both measure the flow within administrative divisions, and thus
381  environmental efficiency for productivity can be interpreted as an index of the relationship between
382  the amount of change for both indicators over a given period.

383  3.Results

384 This chapter describes the assessment results for administrative divisions (i.e., municipalities)
385  inJapan as calculated based on the abovementioned methods. The environmental load calculated by
386  LIME2is called the damage amount on environmental assets, as previously mentioned in the section
387  2.4. Though these calculations were originally performed in Japanese yen, the results are presented
388  herein U.S. dollars (111.34 USD/JPY on 1 April 2019). For reference, the tables and figures showing
389  the results in Japanese yen is included in the Supporting Information.

390  3.1. Total Damages for Entire Japan

391 Total damage amounts for entire Japan are shown in Figure 2 (The figure in Japanese yen is
392  shown in Figure SI 1). The total damage amount was 76.6 billion USD (8.53 trillion yen). The impact
393  category with the largest amount was global warming (25.3 billion USD, 2.82 trillion yen), followed
394 by land use (20.9 billion USD, 2.33 trillion yen), domestic waste (11.1 billion USD, 1.24 trillion yen),
395  biological toxicity (5.66 billion USD, 0.63 trillion yen), atmospheric pollution (5.48 billion USD, 0.61
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396 trillion yen), and resource consumption (5.03 billion USD, 0.56 trillion yen). These 6 categories
397  accounted for 96.1% of the total. Breakdowns of inventory data for 4 categories according to the total
398  damage amount are shown in Figure 3 (The figure in Japanese yen is shown in Figure SI 2). Building
399 sites accounted for 61.0% of the total land use. Likewise, styrene accounted for 91.9% of biological
400  toxicity, SOx accounted for 88.8% of atmospheric pollution, and crude oil accounted for 78.4% of
401  resource consumption. A single inventory accounted for over half of the total in each of these
402  categories. Incidentally, nearly the entirety of global warming consisted of the inventory data
403  collected by Ministry of the Environment on 6 types of GHG, including CO2. Moreover, the entirety
404  of domestic waste was accounted for by a single inventory data, as previously mentioned. As these
405  results show, the environmental loads for Japan according to each category and each inventory
406  become comparable as a single monetary indicator quantitatively.

407
3.0 billion (3.9%)
5.0 billion (6.6%) \
5.5 billion (7.1%)\
Global warming
25.3 billion Land use
ATE 0,
5.7 billion Total 5 0) Domestic waste
7.4% i
(7.4%) "~ 76.6 billion Biological toxicity
- [USD] . .
11.1 billion Atmospheric pollution
(14.6%) .
Resource consumption
20.9 billion
Others
(27.3%)
408
409 Figure 2. Total damage amounts for Japan by impact category
410
Land use (20.9 billion USD) Biological toxicity (5.7 billion USD)
\\\\\ N\
) building site styrene
f “ paddy field ‘ nickel
| 61.0% | cropland \ / xylene
others BHLEE /W others
4 \ //
Atmospheric pollution (5.5 billion USD) Resource consumption (5.0 billion USD)
0.7% -
y N
\ crude oil
\ SOx
| coal
/ NOx /
88.8% \ 78.4% B natural gas
\\\\ ) \\\\ //,,,,
411 —
412 Figure 3. Breakdowns of inventory data for total damage amount by each impact category
413
414  3.2. Disaggregated Damages for Entire Japan
415 In this section, the damage amounts per unit area and per capita were calculated for all

416 municipalities. The results are shown in Table 2, which lists the average, standard deviation, and
417  variation coefficient for the damage amounts per unit area and per capita for all Japanese
418  municipalities by each impact category (The table in Japanese yen is shown in Table SI 1). The
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419  variation coefficient was calculated by dividing the standard deviation by the average, and it shows
420  the relative variation in the data.

421 The averages of total damage amount per unit area and per capita were calculated as 666
422  thousand USD/km? (74.2 million yen/km?) and 916 USD/capita (102 thousand yen/capita). The top

Table 2. Statistical value of damage amounts for municipalities

Damage amount per area Damage amount per capita
for municipalities for municipalities
Impact category Average gtar}da}rd Varigt.ion Average Star}de}rd Varigt.ion
eviation coefficient deviation coefficient
[USD/km?] [USD/km?] ] [USD/capita] [USD/capita] ]
Ozone layer destruction 1.27x103 3.52x10* 2791 8.30x10! 2.06x10! 24.78
Photochemical ozone 2.06x10° 1.71x104 8.28 2.87x10° 2.61x10! 9.12
Human toxicity 3.85x10° 4.20x10* 1091 2.60x10° 2.26x10! 8.70
Biological toxicity 6.06x10* 3.60x10° 5.94 5.46x101 5.14x102 9.41
Eutrophication 1.36x103 2.88x102 21.23 1.97x10° 4.89x105 24.81
Global warming 1.86x10% 4.82x10° 2.59 2.31x102 3.06x102 1.33
Land use 1.30x10° 1.31x10° 1.01 4.19x102 5.27x10?2 1.26
Resource consumption 3.51x104 1.01x10° 2.86 3.69x101 1.01x10? 2.72
Acidification 3.87x10° 8.84x10° 2.28 6.75x10° 7.03x10° 1.04
Atmospheric pollution 5.92x10* 2.01x10° 3.40 4.75x101 6.37x10" 1.34
Domestic waste 7.02x10* 1.36x10° 1.97 8.63x101 3.14x10" 0.36
Road traffic noise 1.07x104 1.54x104 1.44 3.50x10! 3.85x10! 1.10
Total 6.66x10° 1.61x10° 241 9.16x102 1.92x103 2.10

Number of samples: 1741

423  three amounts per unit area were global warming (186 thousand USD/km2, 20.7 million yen/km?),
424 land use (130 thousand USD/km?, 14.5 million yen/km?2), and domestic waste (70.2 thousand
425  USD/km? 7.82 million yen/km?). The top three amounts per capita were land use (419 USD/capita,
426  46.7 thousand yen/capita), global warming (231 USD/capita, 25.7 thousand yen/capita), and
427  domestic waste (86.3 USD/capita, 9.61 thousand yen/capita). The wide range of differences between
428  the average amounts per unit area and per capita in accordance with each impact category is due to
429  the wide range of land area and populations of municipalities throughout Japan. The variation
430  coefficients for ozone layer destruction, photochemical ozone, human toxicity, biological toxicity,
431  and eutrophication were much higher than the total values, suggesting the damage amounts for
432  these categories varied comparatively between municipalities. The inventories of these categories
433  include the toxic chemical substances produced continually from specific industries, such as the
434  heavy chemical industry. Therefore, there tended to be major disparities between municipalities
435  according to the kinds of industries within their divisions.

436  3.3. Spatially-explicit Damages for Japanese Municipalities

437 In this section, the assessment results for all municipalities calculated in the previous section are
438  shown in a map of Japan in order to visualize the regionality of environmental loads. The total
439  damage amount per unit area and per capita for Japanese municipalities nationwide is shown in
440  Figure 4 (The figure in Japanese yen is shown in Figure SI 3). Here, the damage amount for all
441  municipalities is shown so that map colors represent 10% increments of cumulative frequency
442  distribution. The damage amount per unit area tended to be higher in more densely populated
443  areas. In particular, the rate was much higher in the three major metropolitan areas of Japan,
444  including the national capital region (around Tokyo and Yokohama), the Kinki region (around
445  Osaka), and the Chukyo region (around Nagoya). The rate was also higher in and around Fukuoka
446  and Sapporo.
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Figure 4. Assessment results for total damage amount by Japanese municipalities nationwide
(left map, damage amount per unit area; right map, damage amount per capita)

448  In contrast, the rate was lower in sparsely populated areas, such as inland mountainous regions.
449  This distribution is extremely similar to the distribution of population density in Japan, indicating a
450  deep relationship between these indicators.

451 In contrast with the damage amount per unit area, the amount per capita tended to be lower in
452  densely populated areas, such as parts of the three major metropolitan areas. At the same time, it
453  tended to be higher in sparsely populated areas, such as inland mountainous regions. In some
454  urban areas, the absolute damage amount was higher but the population tended to be concentrated
455  at a rate higher than that of the damage amount. It therefore may be suggested that environmental
456  efficiency was comparatively better around urban areas in Japan from the perspective of
457  environmental loads per capita. However, agricultural crops and manufactured goods are
458  produced outside of urban areas but are consumed in urban areas in Japan so it is essential that an
459  assessment theory based on the principal of territorial benefit mentioned above be developed so
460  that this hypothesis may be accurately verified.

461 The assessment results by impact category are shown on a map of Japan. The damage amounts
462  per unit area and per capita by Japanese municipalities for the top 5 categories, shown in Figure 2
463  (global warming, land use, domestic waste, biological toxicity, and atmospheric pollution) are
464  shown in Figure 5. The distributions of damage amount per unit area were very similar among the 4
465  categories global warming, land use, domestic waste, and atmospheric pollution. The rates for these
466  categories tended to be higher in urban and suburban areas. Because the emissions of chemicals
467  related to global warming and atmospheric pollution are comparatively large from not only the
468  industrial sector but also the service and transport sectors, these damage amounts tended to be high
469  indensely populated areas, regardless of the kind of industries located within these areas. Naturally,
470  the damage amounts for land use and domestic waste also tended to be higher in densely populated
471  areas. In contrast, the rate for biological toxicity was the only category to not show a relationship
472  with population distribution on the map. The result of this category was not particularly biased
473  nationwide because the damage amount for this category was largely affected by the specific
474  industry located in a given area, regardless of its population.

475
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Figure 5. Assessment results for each impact category by Japanese municipalities nationwide
(left column, damage amount per unit area; right column, damage amount per capita)

476


https://doi.org/10.20944/preprints201904.0080.v2
https://doi.org/10.3390/su11154045

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2019 d0i:10.20944/preprints201904.0080.v2

14 of 21

477 Certain categories showed different distributions between damage amount per capita and the
478  amount per unit area. In particular, the rates for global warming, land use, and atmospheric
479  pollution were lower in the central parts of the three major metropolitan areas. This was reflected in
480  the results that the populations were larger than the absolute damage amount for each category in
481  these areas, as described above. But there were some exceptions in the suburbs of these areas. The
482  rates for global warming and atmospheric pollution were higher in parts of the areas surrounding
483  the national capital region and the Kinki region. These areas have some industries that actively
484  support the local economies but the population is not as concentrated as in the heart of the
485 metropolitan areas, and these reasons are reflected the results.

486 Taking a closer look at the amount per capita for each category, the rate for global warming
487  tended to be higher in cold areas, such as Hokkaido (the northern island that includes Sapporo), in
488 the coastal areas of western Japan, and in some suburban areas, as described above. In Hokkaido,
489  heating energy consumption was larger in colder areas, including in the household sector. Heavy
490  industry has been active in the coastal areas of western Japan for a long time. There are industrial
491  zonmes in the coastal areas throughout the country, which is also reflected in the results for
492  atmospheric pollution. The rate for land use was much lower in densely populated areas, in contrast
493  with the amount per unit area, suggesting that environmental efficiency may be higher in more
494  densely populated areas, particularly from the perspective of residential land use. The rate for
495  domestic waste showed a different distribution for amount per capita than per unit area, but it did
496  not show a particular relationship with population distribution on the map. As shown the rightmost
497  column of Table 2, the variation coefficient of this category per capita was the lowest among all
498  categories, indicating that the disparity for this rate was comparatively narrow across all
499  municipalities nationwide. The rate for biological toxicity was the only category to show a similar
500  distribution between amount per unit area and per capita. Because this category was affected by the
501  specific industries in a given area, both distributions were independent from other categories.

502  3.4. Spatially-explicit Environmental Efficiency for Japanese Municipalities

503 In this section, the environmental efficiency based on the method described in the section 2.6
504  was calculated. The values of GRP per capita and environmental efficiency for productivity for all
505  municipalities are shown in Figure 6 (The figure in Japanese yen is shown in Figure SI 4). These
506  values are shown so that map colors represent 10% increments of cumulative frequency distribution.
507  Here, the median value of environmental efficiency for productivity for all municipalities was
508  calculated as 65.5. Accordingly, values higher than the median are represented by cold colors (blue)
509  and lower values are represented by warm colors (red) for each administrative division on the map
510  ofJapan.

511 The GRP per capita tended to be higher in the Chubu region (the central part of Japan that
512 includes Nagoya). This can be explained by the concentration of the automotive and the electronics
513 industries in the region, and these industries contribute a large added value. Moreover, the rate
514  tended to be higher in certain coastal areas around the national capital region and western Japan
515  where heavy industries are concentrated.

516 The rate for environmental efficiency for productivity also tended to be higher in the Chubu
517  region. In these areas GRP per capita was higher and production damage amount per capita was
518  comparatively lower so the rate was higher than the national average. In particular, it was suggested
519  that the automotive industry produced large benefits relative to its environmental loads. Similarly,
520  the benefits produced by the electronics industry were large relative to the unit size of its products,
521  so the value added is larger than the environmental loads. In contrast, the rate tended to be
522  comparatively lower in certain coastal areas around the national capital region and western Japan
523  because the GRP per capita was higher but the production damage amount per capita was also
524 higher there. Heavy industries produce large benefits but their environmental loads are also large.
525  The assessment results reflected the characteristics of these industries for each municipality.

526
527
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Figure 6. GRP per capita and environmental efficiency for productivity by Japanese municipalities nationwide
(left map, GRP per capita; right map, environmental efficiency for productivity)

529  3.5. Assessment Results for Major Cities

530 This section focuses on the major municipalities that make up the urban areas of Japan and
531  discusses their characteristics based on the assessment results calculated in the previous sections. In
532  Tokyo, the capital of Japan, the main area where the nation’s administrative functions are carried out
533  is designated as a special ward. This area was treated as an administrative division for the
534  municipality of Tokyo in this section. In addition, the 20 municipalities whose populations and
535  economic scales are large are given a higher degree of autonomy than general municipalities in
536  Japan. These municipalities are officially called government-designated cities. This study attempted
537  to examine the current conditions of these 21 municipalities.

538 The assessment results of GRP per capita, production damage amount per capita, and
539  environmental efficiency for productivity are shown in Table 3 along with the cumulative relative
540 frequency for these indicators based on the assessment results for all Japanese municipalities (The
541  table in Japanese yen is shown in Table SI 2). Cumulative relative frequency is an index that shows a
542 position relative to all data in a constellation. Here, the top value for all municipalities is 100% and
543  the bottom value is 0% for each indicator in Table 3. A graph that describes their assessment results
544 isshown in Figure 7 (The figure in Japanese yen is shown in Figure SI 5). This graph shows the value
545  of production damage amount per capita on the horizonal axis and the value of GRP per capita on
546  vertical axis. Each point represents a municipality. Thus, the slope of the line connecting the plot
547  with origin point shows the value of environmental efficiency for productivity for each municipality.
548  Accordingly, the more upper left on the graph a point is, the higher its environmental efficiency for
549  productivity.

550 As shown in Table 3 and Figure 7, the top three municipalities in terms of GRP per capita were
551  Tokyo (52.8 thousand USD/capita, 5.88 million yen/capita), Osaka (46.2 thousand USD/capita, 5.14
552  million yen/capita), and Nagoya (32.2 thousand USD/capita, 3.58 million yen/capita). These
553  municipalities are the central locations of the three major metropolitan areas. The results reflect the
554 thriving economic conditions in these municipalities. Additionally, 15 of the 21 municipalities had
555  80% cumulative relative frequency or greater. This meant that these municipalities were in the top
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Table 3. Statistical values of assessment results for 21 major municipalities in Japan

GRP per capita Production damage Environmental
Municipality P .p amount per capita efficiency for

[USD/capita] [USD/capita] productivity [-]
Sapporo 1.80x10* (78.8% 2.68x102  (65.6% 67.2 53.1%

Pp
Sendai 2.66x10*  (94.8%) 1.86x102 (47.8%) 143.1 (89.1%)
Saitama 1.94x10* (83.8%) 5.93x10! (4.8%) 327.0 (99.3%)
Chiba 2.15x10*  (89.1%) 5.24x102  (84.9%) 41.1 (27.4%)
Tokyo (special ward) 5.28x10*  (99.1% 1.48x102 (38.5% 355.0 99.6%
Yo (sp:
Yokohama 1.92x10*  (83.2%) 2.20x102  (56.9%) 87.3 (68.0%)
Kawasaki 1.70x10*  (75.0%) 4.37x102  (80.5%) 38.9 (25.2%)
Sagamihara 1.37x10*  (57.2%) 1.39x102  (34.3%) 98.0 (74.7%)
Niigata 1.86x10* (81.2%) 2.06x10%  (53.3%) 90.5 (70.4%)
Shizuoka 2.24x10*  (90.4%) 1.04x102  (21.9%) 214.8 (96.6%)
Hamamatsu 2.08x10*  (87.4%) 1.14x10%>  (25.8%) 182.2 (94.1%)
Nagoya 3.22x10¢  (97.0% 3.39x102  (73.5% 95.0 72.8%
goy

Kyoto 1.99x10* (85.5%) 2.65x10%  (65.3%) 75.3 (59.0%)
Osaka 4.62x10*  (98.7%) 5.06x102  (84.0%) 91.4 (71.0%)
Sakai 1.62x10*  (71.4%) 2.69x102  (65.7%) 60.4 (45.5%)
Kobe 2.15x10*  (89.1%) 1.95x10%  (49.9%) 110.6 (80.7%)
Okayama 1.95x10*  (83.9%) 3.04x10%  (70.0%) 64.0 (49.3%)
Hiroshima 2.26x10*  (90.9%) 3.13x102  (71.2%) 72.4 (57.0%)
Kitakyushu 1.82x10*  (79.5%) 4.43x10%  (80.9%) 41.1 (27.4%)
Fukuoka 2.69x10*  (94.9%) 8.49x10" (12.8%) 316.9 (99.2%)
Kumamoto 1.57x10*  (68.9%) 1.90x10%  (48.6%) 82.9 (64.9%)

* Cumulative relative frequency based on all municipalities is shown in parentheses beside each value
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Figure 7. A graph showing assessment results for 21 major municipalities in Japan
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557 20% of all Japanese municipalities and that their productivity was comparatively higher than many
558  of other general municipalities.

559 The top three municipalities in terms of Production damage amount per capita were Chiba (524
560  USD/capita, 58.3 thousand yen/capita), Osaka (506 USD/capita, 56.3 thousand yen/capita), and
561  Kitakyushu (443 USD/capita, 49.3 thousand yen/capita). Chiba is located east of Tokyo in the
562  national capital region, and Kitakyushu is located north of Fukuoka in Kyushu, which is the large
563  island in the southwest part of Japan. Various industries supporting the local economy are active in
564  these large urban areas. Accordingly, their results were comparatively higher from the perspective
565  of environmental loads related to productivity.

566 The top three municipalities in terms of environmental efficiency for productivity were Tokyo
567  (355.0), Saitama (327.0), and Fukuoka (316.9). In Tokyo, GRP per capita was high but the production
568  damage amount per capita was comparatively low, so the environmental efficiency value for Tokyo
569  was the highest of the 21 municipalities. Tokyo is also a hub of Japanese culture, and there are many
570 large commercial facilities, entertainment facilities, and major media companies, such as
571  broadcasters and publishing firms. The environmental loads of these businesses are low relative to
572 their benefits, which is one of the reasons for Tokyo’s assessment results. Similarly, in Saitama and
573  Fukuoka the GRP per capita was high and the production damage amount per capita was low. The
574  main industries in these municipalities are service businesses and the assessment results seem to
575  reflect these conditions. Additionally, 7 of the 21 municipalities had over 80% cumulative relative
576  frequency, and 16 municipalities had over 50%.

577 4. Discussion

578  4.1. Usability of the Method in Practice

579 The assessment theory of LIME2 has the potential to be adopted by local governments. as an
580  approach to environmental accounting. The ability of LIME2 to assess the environmental loads
581  emitted in administrative divisions by a single monetary indicator provides public administrators
582  with valuable information for comparing the effects of their measures across different
583  environmental fields. Such information is expected to be useful for allocating environmental
584  conservation funds for local governmental budgets. Moreover, this system provides residents with
585  easy-to-understand information about their local environmental situation, thanks to assessment
586  results described as a clear indicator that anyone can understand.

587 The assessment results of environmental efficiency related to productivity can be represented
588  visually for every municipality in a 2D graph (e.g., Figure 7). This method makes it possible to
589  quantify the environmental loads across all Japanese municipalities and to discern each
590  municipality’s position relative to other municipalities. The LIME2 approach to environmental
591  accounting is expected to be adopted by local governments throughout Japan and may reveal
592  promising examples of best practices across the country.

593  4.2. Challenges of the Assessments

594 In this study, the data required for assessment came from statistical information collected by the
595  Japanese government. However, not all of the inventory data were available at the municipal level as
596  currently structured in Japan. Therefore, a simple estimation method was used for the required data
597  at the municipal level. In the future, it will be necessary to collaborate with various statistics
598 institutes in Japan and to obtain more detailed statistical information from the private sector to carry
599  out a more accurate assessment that will lead to the adoption of the LCIA method of environmental
600  accounting by local governments. Additional future considerations include the development of an
601  assessment method based on the principle of territorial benefit, as described in section 2.3.

602 It must be noted that the inventory of industrial waste was reluctantly excluded as an
603  assessment target in this study because the relevant data was not available at the prefectural level or
604 Dby type of business, and consequently the required data at level of municipality could not be
605  estimated in application on Eq. (2) in section 2.5. In most cases, the administrative divisions where
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606  industries operate are not the same as the divisions where their waste is disposed, particularly for
607  industrial waste. These circumstances should therefore be noted in an assessment of municipalities
608  such as this study. An assessment method based on the principle of territorial benefit is particularly
609  desirable to address the issues with this category.

610 It was possible to capture the regionality of environmental efficiency for production
611 nationwide, as described in section 3.4. However, these results were largely affected by the kind of
612  industries operating in each area. As such, it will be a challenge for the future to calculate these
613  amounts according to the type of business and will require more detailed statistical information. The
614  results of such an assessment would allow for a comparison of environmental efficiency of
615  industries across all municipalities.

616  4.3. Global Expansion of the Method

617 This study leveraged the framework and assessment theory of LIME2, which was chosen
618 because of the advantages described in section 2.2. However, other LCIA methods used around the
619  world, such as ExternE [17] and EPS [18], are also able to calculate different environmental impacts
620 as a single indicator. In future stages of this study, assessments of the same concepts will be
621  conducted for administrative divisions in every country by following LCIA methods that reflect
622  climate conditions and by using data from local statistics institutions. Moreover, it may be possible
623  to quantify the environmental efficiency of administrative divisions around the world using the
624  same conditions by applying a global-scale LCIA method. In so doing, information useful to local
625  governments can be more widely disseminated around the world.

626 Sustainable urban development is becoming a common challenge worldwide, as shown by Goal
627 11 of the SDGs (Sustainable Cities and Communities). In addition, the assessment method of this
628  study is thought to be particularly useful to measure the status of efforts by local governments
629  toward achievement of Goal 3 (Good Health and Well-being), Goal 12 (Responsible Consumption
630 and Production), Goal 13 (Climate Change), and Goal 15 (Life on Land). It may also be expected to
631  contribute to the achievement of Goal 17 (Partnership for the Goals) by promoting communication
632  between local governments around the world through the sharing of information about assessment
633  results because they are based on a common method. In the future, an assessment theory for
634  measuring progress toward achieving targets by local governments will be developed by focusing
635  on the framework of SDGs.

636 5. Conclusions

637 This study aimed to assess the environmental efficiency of Japanese municipalities by using
638  LIME2. The representative conclusions are described below.

639 1. The total damage amount for Japan was 76.6 billion USD (8.53 trillion yen) in 2015. The six largest
640  impact categories in terms of damage amount were global warming, land use, domestic waste,
641  biological toxicity, atmospheric pollution, and resource consumption. Based on these results,
642  priorities for planning environmental conservation strategies for the whole of Japan should be
643  examined.

644 2. The damage amount per capita tended to be lower in densely populated areas, such as parts of
645  metropolitan areas. This suggests that environmental efficiency may be higher in more densely
646  populated areas, particularly from the perspective of residential land use, further suggesting the
647  importance of appropriate urban planning and development.

648 3. The environmental efficiency for productivity tended to be higher in areas where industries that
649  produced large benefits relative to their environmental loads, such as automotive and electronics
650  industry, were active. This suggests that a best practice for municipalities may be identifying the
651  environmentally efficient industries that operate in their divisions.

652 4. Of the 21 government-designated cities (including a special ward of Tokyo) in Japan, seven
653  ranked in the top 20% and 16 ranked in the top 50% in environmental efficiency for productivity.
654  This suggests that environmental efficiency was comparatively high in many of the municipalities
655  located in large urban areas in Japan from the perspective of productivity.


https://doi.org/10.20944/preprints201904.0080.v2
https://doi.org/10.3390/su11154045

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2019 d0i:10.20944/preprints201904.0080.v2

19 of 21

656 5. The usability of this method for environmental accounting by local governments in Japan is
657  suggested. By considering the same challenges described in section 4, attempts should be made to
658  improveme this method in the future so that it can be utilized by local governments around the

659  world.
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