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Abstract
Present trends of urbanization are accompanied by increasing demographic and economic shrinkage of rural regions. In countries 
such as Japan, these rural regions trail behind metropolitan counterparts according to GDP, the conventional measure used to guide 
governmental policies. Yet, past research suggests that these regions may be undervalued. Further, the Inclusive Wealth Index 
(IWI), largely only used at the national level, may be able to capture aspects previously missed. As such, our study attempts to 
highlight the wealth of rural regions by comparing the inclusive wealth of Sado Island and Japan between 1990 and 2014. Minor 
methodological modifications were made according to data availability at the local level and to improve the accuracy of human 
capital estimations. Results captured the ongoing shrinkage of Sado and demonstrate the distinct potential of the IWI as a stock 
measure. Sado’s per capita wealth was about 10% lower than the national averages, but its natural capital was about threefold 
national averages. Supplementary estimations of the natural capital of fisheries and cultivated forests suggest that inclusion of 
additional factors in the evaluation would further increase the relative valuation of rural regions. We discuss implications of our 
estimations for wellbeing, and conclude with a critical appraisal of the IWI calculation towards policy implementation of the index.

Keywords Sustainable development · Wellbeing · Socio-ecological production landscapes and seascapes · Satoyama–
satoumi · Rural–urban disparity
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Introduction

Rural regions around the world are increasingly challenged 
by depopulation and aging. While the majority of urbani-
zation in the world is accompanied by rural depopulation 
(United Nations Department of Social and Economic Affairs 
(UN DESA) Population Division 2014), the proportion of 
this depopulation is greatest in Japan, where the rural popu-
lation is projected to decline by 71% before 2050 (National 
Institute of Population and Social Security Research 2013). 
The country, and particularly its rural regions, also leads the 
world in the aging of its population (Organisation for Eco-
nomic Co-operation and Development (OECD) 2016; United 
Nations 2017). Beginning with the postwar era of rapid eco-
nomic growth, demographic changes due to constant flows 
of Japan’s working age population into urban centers have 
continued to widen rural–urban, economic and demographic 
disparities (Feldhoff 2013; Matanle and Sato 2010). In terms 
of economic output, disparities between Japan’s metropolitan 
and rural regions should come as no surprise (Feldhoff 2013; 
Hayashi 2015; Matanle and Sato 2010).

Yet from an alternative perspective, “rural areas are the 
main sustention of urban spots and therefore the guarantors 
of national prosperity” (de los Ríos et al. 2016, p. 86). Mul-
tiple lines of research suggest that there may be more to rural 
regions than seen through gross domestic product (GDP), 
the conventional proxy measure of wellbeing (Donovan and 
Halpern 2002). Research linking GDP to wellbeing has had 
mixed results. For example, one study found that per capita 
GDP explained only 18% of variance in household income, 
and that household income was a better indicator of resident 
experiences and wellbeing than GDP (Diener et al. 2013). 
At the same time, self-reports of wellbeing do not necessar-
ily correspond with standards of living implicated by either 
measure (Davey et al. 2009). In fact, some studies report on 
the malaises of urbanization that outweigh economic out-
put (Berry and Okulicz-Kozaryn 2011; Knight and Guna-
tilaka 2010; Winters and Li 2016). In developed countries, 
i.e. countries with less rural–urban disparity, rural residents 
report greater subjective wellbeing than residents of urban 
areas (Berry and Okulicz-Kozaryn 2009; Morrison and 
Weckroth 2017; Requena 2016).

Aspects of rural regions that transcend conventional pol-
icy-making indicators are increasingly documented. Works 
building on the concept of ecosystem services (Daily 1997; 
Gómez-Baggethun et al. 2010) highlight the importance 
of the natural environment. More recently, scholars illus-
trated the importance of socio-ecological production land-
scapes and seascapes in Japan using the narrative of ecosys-
tem benefits to human wellbeing (Japan Satoyama Satoumi 
Assessment 2010). Also known as satoyama–satoumi 
landscapes, these regions are characterized by mosaic-like 

mixtures of different land uses that provide habitat for 
diverse flora and fauna (Duraiappah et al. 2012). In one such 
region, home-grown foods and foods received as gifts consti-
tuted considerable portions of the diet; residents purchased a 
mere quarter to a third of their food (Kamiyama et al. 2016). 
In another study at the national level, residents of agricul-
tural areas received on average 16% of their food from non-
market sources (Saito et al. 2018). The multifunctionality 
of such landscapes contributes to the wellbeing of residents 
and resilience of the community (Schippers et al. 2014). 
However, non-market goods and community networks go 
undetected by conventional evaluations of a society.

The use of GDP (or gross regional product; GRP)—the 
value of all goods and services produced within a country (or 
region)—as an indicator of societal wellbeing has been long 
disputed (Sustainable Development Commission 2003). Cri-
tiques include its inability to account for externalities, defen-
sive expenditures or distribution, as well as overt focus on 
production and growth (Price et al. 2010; Stiglitz et al. 2009) 
despite the negative impacts of focusing on material acquisi-
tions (Kasser 2002). Policies designed to enhance societal 
performance with a sole focus on GDP are likely to overlook 
and jeopardize aspects of rural regions that are beneficial, 
even critical to residents and society at large. Indeed, ongoing 
demographic and economic shrinkage of rural regions pose 
a grave threat to satoyama–satoumi landscapes that require 
manual labor for maintenance (Takeuchi et al. 2016).

How then, might we assess a society’s progress? Of par-
ticular interest is the natural environment, since its use and 
state has been missing from national accounts (Dasgupta 
2007). Fortunately, many “beyond GDP” indicators have 
been developed in recent decades to replace or supplement 
GDP. One example, the genuine progress indicator (GPI) 
integrates aspects missed by GDP such as environmental 
conditions, cost of living, and income distribution (Anielski 
and Rowe 1999), and has demonstrated certain strengths 
of rural areas in Japan (Hayashi 2015). Yet like other such 
alternatives, the GPI is a flow indicator and does not address 
the potential wellbeing of future generations. This study 
has thus selected the Inclusive Wealth Index (IWI) for its 
ability to address an often-overlooked aspect of societal 
wellbeing—its sustainability.

The IWI was developed in light of the definition of 
sustainable development as “a pattern of societal devel-
opment along which intergenerational wellbeing does not 
decline” (United Nations University International Human 
Dimensions Programme on Global Environmental Change 
(UNU-IHDP) and United Nations Environment Programme 
(UNEP) 2014, p. 201). Its biggest strength is that it directly 
assesses produced, human, and natural capitals (stock). 
Rather than measure the yearly output (flow) of an economy, 
the IWI assesses its capital assets, i.e. the productive base for 
present and future wellbeing (Arrow et al. 2003; Price et al. 
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2010). In other words, the IWI is unique in its theoretically 
founded pertinence to resilience and development across 
time (Polasky et al. 2015; Walker 2005).

Moreover, the IWI is relatively new and has not been 
applied at the local level. To date, most empirical studies 
have focused on national comparisons. Japan was initially 
noted as depicting “the most favorable situation” for being 
the only country which showed an increase in per capita 
natural capital and wealth (1990–2008; UNU-IHDP and 
UNEP 2012, p. 55). However, a methodological revision 
resulted in a decrease in subsequent estimates of Japan’s per 
capita natural capital (UNU-IHDP and UNEP 2014). Indeed, 
developers of the IWI are the first to admit that it is work in 
progress. We thus extend ongoing efforts to apply the IWI 
at sub-national levels, so far limited to prefectural and state 
levels (Ikeda et al. 2017; Yamaguchi et al. 2015; Mumford 
2012), to the local level, where results can be readily verified 
with contextual characteristics.

The main aim of this paper is to highlight unique attrib-
utes of rural regions that may be missed by GDP. To this 
end, we estimate the local-level inclusive wealth of Sado, 
a rural region in Japan, and compare it with nation-level 
results. As described in the following section, the methodol-
ogy approximates that used in the second and latest Inclu-
sive Wealth Report (IWR2014) by the developers of the IWI 
(UNU-IHDP and UNEP 2014). Minor modifications were 
made to improve the accuracy of human capital estimations 
and according to data availability. Results are shown as 

comparisons of nation and local-level wealth over time, by 
capital, and per capita, and supplemented with additional 
estimations of natural capital of fisheries and cultivated for-
ests. Discussions focus on the implications of the estima-
tions on wellbeing as well as appropriateness of the IWI for 
our objective. We conclude the paper with opportunities for 
future research and a summary of our main findings.

Methodology

Study area

Our study area is Sado, a city in Niigata prefecture of 
Japan that formed when 10 municipalities on Sado Island 
merged in 2004. With a 280.9 km coastline and land area 
of 855.7 km2, the island is the biggest remote island in the 
country after Okinawa mainland, and located about 55 km 
from the main island of Japan (Fig. 1). In other words, 
Sado’s regulatory boundary is geographical, rendering it 
convenient for data collection and verification. Further, 
Sado exemplifies the traditional rural landscapes that cover 
40% (Ministry of the Environment (MOE), Government of 
Japan 2016) to 67% (Fukamachi 2016) of Japan. The island 
epitomizes many positive attributes likely not captured by 
conventional indicators, as well as the demographic transi-
tion seen across rural Japan.

Historical heritage and biological diversity contributed 
to the formal recognition of Sado’s socio-ecological pro-
duction landscapes and seascapes as a Globally Important 
Agricultural Heritage Site (GIAHS) for the harmonious 
coexistence of humans and nature. The socio-cultural and 
ecological wealth that characterize Sado is inseparable from 
residents’ wellbeing (Takeuchi et al. 2016), and understood 
to contribute to the intergenerational, inclusive wealth of 
Sado residents. However, much of this wealth is intangible 
and missed by conventional parameters of a society. Further, 
the remoteness that helped to preserve Sado’s cultural and 
biological diversity, as well as lack of a university and job 
opportunities, have cumulated in a serious decline and aging 
of the population (Fig. 2). The grave extent of such threats 
to sustainability on the island adds to the societal and aca-
demic significance of Sado’s sustainable development. 
Demographic trends of rural depopulation and aging are 
particularly advanced in islands and other remote regions, 
but projected for the rest of the country (OECD 2016) 
(Fig. 2) as well as globally (UN DESA Population Division 
2014). While preexisting research illustrates ongoing and 
anticipated challenges of this situation (Kinsella and Phillips 
2005; Bloom et al. 2011; Age International 2015), they do 
not often quantify or assess the situation in economic terms 
and within the broader socio-ecological context. We proceed 
with the premise that understanding the inclusive wealth Fig. 1  Sado and the main islands of Japan
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of Sado will offer currently unavailable, policy-relevant 
insights for the sustainable development of Sado and other 
rural regions of Japan.

Calculating inclusive wealth

Inclusive wealth is the sum of produced, human, and natural 
capitals. The estimation method described below is an adap-
tive replication of the IWR2014 (UNU-IHDP and UNEP 
2014). The approach taken for additional estimations of 
natural capital are described in the following section. Data 
sources are presented in Table 1, and details are available as 
supplementary material.

Produced capital

Produced capital was estimated by setting an estimate of 
the initial capital. This perpetual inventory method (PIM) 
assumes a steady-state economy with a constant capital-
output ratio (k):

where I is gross investment, Y is output of the economy, δ 
is the depreciation rate, and γ is the steady-state growth rate. 
This capital-output ratio is multiplied by the initial output of 
the economy (Y0) to estimate the initial capital (K0), which 
forms the basis of the PIM. The wealth of the economy (Kt) 
in year t is estimated using the following function, where Ij 
is the investment of year j.

k = (I∕Y)∕(� + �)

Human capital

Human capital is a product of educational attainment (Term 
I), working population (Term II), and shadow price of an 
individual (Term III). The shadow price was derived from 
the expected working life and average compensation per per-
son. Total human capital wealth (HCW) is as follows:

where Edu is years of educational attainment, ρ is the 
interest rate of education, P is total population, s is the 
starting age of formal education, T is a worker’s expected 
working life, r is compensation per person, and δ is the 
discount rate. This method assumes sufficient competition 
in the labor market for the marginal productivity of a unit 
of human capital to equal its shadow price and real wage. 
The shadow price of a unit of human capital  (SPHC; Term 
III) is thus equivalent to r divided by the amount of human 
capital per worker (Term I) (Arrow et al. 2012).

Kr = (1 − �)tK0 +

t∑
j = 1

Ij(1 − �)t−j

HCW(t) = e(Edu(t)⋅𝜌)
���

TermI

⋅Ps+Edu(t)
���
TermII

⋅

T(t)

∫
0

r̄ ⋅ e−𝛿⋅tdt

�����������
TermIII

Term III = SPHC =
r̄

eEdu(t)⋅𝛿 ⋅ 𝛿
⋅

(
1 − e−𝛿⋅T(t) ⋅ AverageWorkerAge(t)

)

Fig. 2  Projected population of Sado and Japan (1960–2040). Data: National Institute of Population and Social Security Research 2013
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Table 1  Data

Variable Data availability Japan Sado

Produced capital Investment (I) 1986–2016 Gross fixed capital 
formation

National Accounts for 
Japan (Cabinet Office 
2017a)

Gross fixed capital forma-
tion

National Accounts for 
Japan [extrapolated by 
economic output] (Cabi-
net Office 2017a)

Economic output (Y) 1986–2014 National Accounts for 
Japan (Cabinet Office 
2017a)

Municipal Accounts for 
Sado (Niigata Prefecture 
2015)

Depreciation (δ) 1986–2009 5.2% (Feenstra et al. 2015)
Growth rate (γ) 1995–2004 3.5% 2.9%

(The World Bank Group 2017)
Human capital Years of education (Edu) 1990, 2000, 2010 School level completed by individuals 15 years old 

and above
Population Census (MIC Statistics Bureau 2017)

Interest rate of education 
(ρ)

– 8.5% (UNU-IHDP and UNEP 2014)

Discount rate (δ) – 8.5% (UNU-IHDP and UNEP 2014)
Population (P) 1990–2014 Population by age

Population Census (MIC Statistics Bureau 2017)
Starting age of education 

(s)
– 6 years old

Average wage (r) 1990–2014 41,826 USD/year
National Accounts for 

Japan
(Cabinet Office 2017a)

37,484 USD/year
Municipal Accounts for 

Sado

Labor participation rate 
(A)

1985, 1990, 1995, 2000, 
2005, 2010, 2015

Population Census (MIC Statistics Bureau 2017)

Natural capital Cropland/pastureland Area harvested (A) Japan: 1990–2014
Sado: 2006–2014

(FAO 2016) Data from local JA
Produce quantity (Q)
Produce price (P)
Rental rate – (Narayanan et al. 2012)
Discount rate (r) – 5%
Planning horizon – Infinity
Cropland area (CLA) 1990–2014 Area survey (MAFF 2017a)
Pasture area 1990–2014 (MAFF 2010; Tawaratsu-

mida 2015)
1947 ha
Public grazing lands, data 

from local JA
Forestland Volume of growing stock Japan: 1990, 1995, 2002, 

2007, 2012
Sado: 2003–2014

Forest and Forestry
White Paper (MAFF For-

estry Agency 2017)

Data from Niigata Pre-
fecture

Division of Conservation
Commercially available 

timber
1995, 2000, 2005 87% for East Asia (FAO 2006)

Timber price 153 USD/m3 159 USD/m3

Japan: 2002–2013
Prefecture: 2002–2014

Lumber production and market prices by species
Statistical survey of timber prices (MAFF 2017b)

Timber rental rate 28.6% 29.9%
2005, 2010, 2015 Number of forestry management entities by land area

Census of Agriculture and Forestry (MAFF 2017c)
2002–2008, 2013 Revenue and expenditure

by land area of forestry management entities
Statistical survey of forestry management (MAFF 

2017d)
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Further, expected working life (T) was from the comple-
tion of education until retirement, and derived using the 
following estimate of the average age of retirement (AAR).

A
y

j
 is the labor participation rate of age group j in year y 

(Keese 2007). Provided the population is constant across 
time and age group, the above is the arithmetic weighted 

T = AAR =

∑17

k=9
(5k)

�
A
y−5

5(k−1)
− A

y

5k

�

∑17

k=9

�
A
y−5

5(k−1)
− A

y

5k

�

mean of the rate of withdrawal from each cohort of the work 
force every 5 years. It assumes that no one retires before the 
age of 40, and that no one in the work force is older than 85 
[assumptions also used by Ikeda and Nakamura (2017)].

Natural capital

Cropland Cropland wealth (WCL) is based on an estimated 
rental price per hectare. The rental price of crop k in year j 
was estimated by dividing the total quantity (Q), price (P) 
and rental rate (R) of crops produced by harvest area (A). 

Table 1  (continued)

Variable Data availability Japan Sado

Value of NTFB (P) – 2091 USD/ha/year
Temperate and boreal forests (van der Ploeg and de 

Groot 2010)
Forest area (Q) Japan: 1990, 1995, 2002, 

2007, 2012
Sado: 2003–2014

Forest and Forestry
White Paper (MAFF For-

estry Agency 2017)

Data from Niigata Pre-
fecture

Division of Conservation
Accessible forest (r) – 10% of forest area (UNU-IHDP and UNEP 2014; 

The World Bank 2006)
Discount rate (δ) – 5% (UNU-IHDP and UNEP 2014; The World Bank 

2006)
Fisheries Fisheries rental rate 16,971 USD/ton 37,172 USD/ton

2008, 2012 Number of fishery management entities by manage-
ment type

Fisheries Census (MAFF 2017e)
2008, 2013 Revenue and expenditure from fishing, by manage-

ment type and method of fisheries entity, Survey 
on fisheries management (MAFF 2017f)

2008, 2014 Production value by 
species, Gross fisheries 
output (MAFF 2017g)

Fisheries catch by weight Japan: 1990–2014
Sado: 2004–2014

Statistical survey of marine fisheries production 
(MAFF 2017h)

1996–2013 Niigata Prefecture Statisti-
cal Yearbook (Niigata 
Prefectural Government 
2017)

1992–2004 Fisheries production statis-
tic (Hokuriku Regional 
Agricultural Administra-
tion Office 1993, 1994, 
1995, 1997, 1999, 2000, 
2001, 2004, 2006)

Deflator 1990–2014 For GDP and by industry
National Accounts for 

Japan (Cabinet Office 
2017a)

Prefectural Accounts for 
Niigata (Cabinet Office 
2017b)

Exchange rate 2005 110.218 JPY/USD (Antweiler 2018)

Missing data were linearly extrapolated/interpolated
Data on Sado before its merger as one city in 2004 is an aggregation of the 10 original municipalities
FAO Food and Agriculture Organization of the United Nations, FY fiscal year, GDP gross domestic product, JPY Japanese yen, MAFF ministry 
of agriculture, forestry and fisheries of Japan, MIC ministry of internal affairs and communications of Japan, NTFB non-timber forest benefits, 
USD United States dollars
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The discounted rental price was averaged across time to 
arrive at the unit value of cropland area (CLA).

Pastureland As in prior works, the difficulty of identifying 
the exact area of pastureland involved in producing live-
stock-related services was circumvented by assuming equal 
perhectare rents to that of cropland.

Forest resources Our initial calculations were limited to 
natural forests and omitted cultivated forests as produced 
capital (UNU-IHDP and UNEP 2014). Additional estimates 
for cultivated forests are made in a later section.

Timber Timber wealth is the volume of commercially 
available timber in a given year, multiplied by price and 
rental rate averaged across time (Bolt et al. 2002).

Non-timber forest benefits The wealth of non-timber 
forest benefits (NTFB) was calculated as follows, where P 
is the estimated value of NTFB per hectare, Q is the area of 
non-cultivated forest land of which r is the accessible por-
tion, δ is the discount rate, and t, time (Ikeda and Nakamura 
2017; UNU-IHDP and UNEP 2014).

WCL =
1

years

years�
j=1

⎛
⎜⎜⎜⎜⎝

∞�
t=1

1

A

x∑
k=1

RkPjkQjk

(1 + r)t

⎞
⎟⎟⎟⎟⎠
⋅ CLAJ

Rental rate =
Market Price − Production Cost

Market Price

NTFBt =

T

∫
t

Pt ⋅

(
Qt ⋅ rt

)
⋅ e−�⋅tdt = Qt ⋅ rt ⋅

∞∑
t=0

Pt

(1 + �)t

Results

Results portray the shrinking demographics of Sado that 
forerun national trends. They also mirror relative sizes of the 
economy. Yet, the relative size of per capita natural capital 
stands out regarding implications for the region’s wellbeing. 
All results are in constant 2005 prices.

Overall trends

In aggregate terms, human capital dominates inclusive 
wealth at both scales (Fig. 3). Human, produced, and natu-
ral capital comprise on average 70%, 28%, and 2% of total 
wealth in Sado, and 72%, 28%, and 0.6% of national wealth, 
respectively. The relative proportions are comparable to 
IWR2014 averages for higher income countries (64%, 24%, 
and 12%; 1990–2010), in which human capital is more 
prominent than in world averages of 54%, 18%, and 28%.

Overall, it is evident that increases in wealth are largely 
attributable to produced capital, and that decreases are 
largely due to the downward pull of human capital, particu-
larly for Sado (Fig. 4). This trend is also seen in the small 
peak of Sado’s wealth in 2000 (31.2 billion USD), followed 
by a gradual decline to 27.3 billion USD in 2014 (Fig. 3). 
Growth in produced capital outweighs population decline in 
early years, but trends in later years are largely determined 
by the declining human capital.

Total wealth increased by 16% in Japan while decreasing 
by 9% in Sado (Fig. 4). Again, the contrast may be attributed 
to Sado’s 24% decline in human capital; changes in produced 
capital were of comparable proportions. Despite Japan’s 7% 
increase in human capital during the study period, annual 
changes steadily decreased to a net negative in more recent 
years, reflecting demographic trends in Fig.  2. Natural 

Fig. 3  Inclusive wealth of Sado and Japan (1990–2014)
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capital decreased by 6% at the national level and by 2% at 
the local level. While it bears little impact on overall trends, 
the fact that trends in natural capital are more positive at the 
local than national level was not captured by conventional 
indicators and will be further discussed below.

Constituents of inclusive wealth

Produced capital

Produced capital comprises roughly 28% of wealth at both 
local and national levels and is notable for its rapid increase 

in early years. The reason for this is evident in Fig. 5, which 
depicts the initial capital ([1-δ]tK0) in 1986 and subsequent 
investment 

�∑t

j=1
Ij(1 − �)t−j

�
 . Accumulation of investment 

enables produced capital to increase regardless of fluctuat-
ing, or even diminishing economic productivity as measured 
by GDP (Fig. 4). Nonetheless, continuous depreciation of 
the initial capital  and diminishing investment result in 
almost consistent decrease of annual change in produced 
capital at both scales (from 7% to −  1% in Sado, and 
6.4 to 0.1% in Japan) (Figs. 4, 5). Annual depreciation is 5% 
across scales (Table 1); annual changes in investment went 

Fig. 4  Changes in inclusive wealth, economic output and population of Sado and Japan from 1990

Fig. 5  Produced capital of Sado and Japan (1986–2014)
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from 31% to − 0.4% in Sado and 27% to 1% in Japan over 
the study period (1990–2014).

Human capital

Human wealth is a product of three variables: years of formal 
education (Term I), size of educated population (Term II), and 
shadow price per person (Term III). Relative changes in each 
of these terms for Sado, Japan, and the world (according to 
IWR2014) between 1990 and 2010 accentuate the character-
istic decline in Sado (Fig. 6). The fact that Term I (education) 
increased less in Europe (15%) and North America (12%) 
than in other parts of the world (total average 19%) may be 
explained by the ceiling effect of high preexisting levels of edu-
cation (UNU-IHDP and UNEP 2014). However, Sado’s even 

lesser increase (8%) may be due to the absence of a university 
on the island and resulting outflow of young and educated 
residents. Sado’s negative change (− 15%) in Term II (popula-
tion) is likewise explained by the population decrease of 19.6% 
between 1990 and 2010 (Fig. 2). Meanwhile, population at the 
national level was relatively stable, increasing by 4%. Term III 
(shadow price) is where Sado (− 12%) has fared better than 
the national level (− 13%). The negative change in Term III 
is attributable to decreases in the amount of time the average 
person spends in the labor market (from 22.3 years in 1990 
to 19.7 years in 2010 in Sado, and 26.1 years to 23.3 years in 
Japan). The application of Actual Age of Retirement (AAR ) in 
the present study accentuates these changes more than the IWR 
(UNU-IHDP and UNEP 2014).

Natural capital

For renewable, terrestrial natural capitals, a shadow price 
is calculated based on historical production, then multi-
plied by land area. Thus, natural capital is essentially stable 
when there is little change in land use. In Sado’s case, over-
all natural capital declined by 2% during our study period 
due to land use changes, particularly of croplands (Fig. 7). 
However, a 25% reduction in population (Fig. 2) during this 
time resulted in a 31% increase of per capita natural capital. 
Meanwhile at the nation-level, population increased by 3%. 
The overall 8% decline of natural capital was a 11% decrease 
per person. General trends are nonetheless similar to Sado’s, 
as most of this decline is attributed to decreases in cropland 
area (pasturelands declined by 34% but comprised less than 
3% of natural capital).

Fisheries Understanding that fisheries and secondary nature 
are essential components of the socio-ecological production 
landscapes and seascapes of Sado and Japan, we also con-
sidered the wealth of fisheries and cultivated forests. Fisher-
ies wealth was included in the IWR2012 for a handful of 
countries with preexisting marine stock estimates, but omit-
ted in the IWR2014. We have followed the methodology of 
Sato and colleagues (2015), who used historical data and 
annual catch as a proxy for marine stock estimates.

In short, our results elucidate why fisheries wealth might 
have been omitted from the IWR2014. Figure 8 depicts 
annual changes in the components of per capita natural 
capital. While terrestrial natural capitals reflect land area, 
fisheries wealth reflects the annual catch. Despite shadow 
prices that incorporate longitudinal changes in rental price, 
volatile fluctuations in Sado’s fisheries wealth suggest that 
the calculation method fails to capture meaningful changes 
in fisheries stock. The relative stability of nation-level results 
is alarming in its consistent decrease, but contrasts local-
level instability and demonstrates the increased difficulty of 
stock estimates at smaller scales. Nonetheless, the fact that 

Fig. 6  Changes in the components of human capital (1990–2010). 
Term I: human capital (education) per person; Term II: educated pop-
ulation; Term III: shadow price per person. Data for four columns on 
right: UNU-IHDP and UNEP 2014
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fisheries wealth adds another 33% (2009) to 64% (1998) 
(average: 44%) to Sado’s natural capital and 16% (2014) to 
30% (1990) (average: 20%) to nation-level natural capital is 
noteworthy and demands further inquiry.

Cultivated forests Cultivated forests were not considered 
natural capital in previous works (UNU-IHDP and UNEP 
2014), but encompass the majority of Sado’s forestland 
(Fig. 9) and is an integral component of the socio-ecological 
production landscape. As assumptions on the accessibility 
of timber (FAO 2006) and NTFB (The World Bank 2006) 

on forestlands did not specify forest type, we assumed equal 
accessibility and shadow prices for natural and cultivated 
forests. The assumption that only 10% of the land is acces-
sible for retrieving ecosystem services likely results in a 
conservative estimate (Table 1), as all cultivated lands are 
presumably accessible, but we maintain the assumption for 
comparability and to accommodate for uncertainty regard-
ing relative shadow prices.

Results directly reflect the proportionate importance of 
cultivated forestland (Fig. 9). Cultivated forests comprise a 
large portion of forests throughout Japan but are especially 

Fig. 7  Changes in natural capital from 1990 baselines of Sado and Japan

Fig. 8  Per capita natural capita in Sado and Japan (1990–2014), with additional wealth of fisheries and timber and non-timber forest benefits 
(NTFB) from cultivated forests
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dominant in Sado (Fig. 9). Their addition more than doubles 
(1990–2014 average: an additional 112%) Sado’s terrestrial 
capital and adds 13% to Japan’s terrestrial capital. Also note-
worthy is that cultivated forests exhibit more positive trends 
compared to natural forests. At the local level, timber wealth 
increased by 13% in natural forests and by 75% in culti-
vated forests. Respective increases at the national level were 
23% and 102%. Meanwhile, natural forest area (the basis of 
NTFB estimations) decreased, by 5% in Sado and by 13% 
across Japan. Yet changes were minimal in cultivated forests: 
2% and − 0.4%, respectively.

Per capita wealth Trends in per capita wealth differ from 
overall trends. Per capita wealth increased more for Sado 

(20%) than for Japan (12%) (Fig. 10). The greatest increase 
was in produced capital, which increased by 104% in Sado 
and by 41% in Japan. Human capital follows, with respective 
increases of 2% and 4%. Finally, natural capital increased by 
31% in Sado but decreased by 8% nationally. While diver-
gent trends in population (Fig. 2; 4% increase in Japan, 25% 
decrease in Sado) explain a great portion of these results, 
per capita wealth by capital reveal realities not immediately 
visible at the aggregate level (Fig. 3).

In monetary value, Sado’s average wealth is 88% (1990) 
to 95% (2014) of the national average. As seen in Fig. 10, 
difference in per capita produced capital is most pronounced, 
reflecting differing intensities of economic activity largely 
captured by per capita output (1990–2014 average: Sado 
$29,696; Japan $35,812). Similarly, the difference in per 
capita human capital can be attributed to differences in aver-
age wage (Sado $37,484; Japan $41,826).

Per capita natural capital is a different story. While small 
in magnitude, the proportional difference between local and 
national per capita wealth is largest and expanding, with 
Sado roughly triple that of Japan [287% (1990) to 417% 
(2014)] (Fig. 10). This is despite the likely undervaluation 
of agricultural land at the local level (Sado $19,944; Japan 
$45,928 per hectare) due to constraints in available data. 
Rather, the difference can be explained by population den-
sity and depopulation, also discussed by Ikeda and Naka-
mura (2017). There is 0.04 ha of agricultural land per capita 
in Japan (declining each year by an average of 0.8%), and 
0.20 ha per capita in Sado (increasing annually by 0.7%). 
Forest wealth showed similar trends, with 0.11 ha per person 
in Japan (increasing at 0.8% per year) and 0.68 ha per person 
at the local level (increasing at 1.4% per year).

Discussion

Wellbeing implications of the wealth valuation

One finding of this study is that Sado’s average wealth was 
lower than the national average (Fig. 10). As shown above, 
the main reasons for the 11% gap are differences in the sheer 
size of economic output and of average wage; Sado was 16% 
and 10% behind national averages, respectively. However, 
dollar-value results must be regarded with caution. For one, 
the monetary unit in this analysis does not take purchasing 
power into account. Consumer prices in cities of Sado’s size 
average 4% lower than national standards (Regional Differ-
ence Index of Prices; Ministry of Internal Affairs and Com-
munications (MIC) Statistics Bureau 2007). Sado being an 
island requiring surface transportation of goods and services 
from mainland Japan, prices are comparatively high (1% 
lower), but still lower than nationwide averages.

Fig. 9  Area and timber volumes of natural and cultivated forest land 
in Sado and Japan (1990–2014 average)

Fig. 10  Per capita inclusive wealth in Sado and Japan (1990 and 
2014)
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Moreover, theoretical works suggest that monetary 
income may be less important for rural residents (Wirth 
1938), and empirical studies substantiate the importance 
of nonmonetary, reciprocal exchange systems in the rural 
lifestyle (Kamiyama et al. 2016). For example, local-level 
data on agricultural production only captured produce 
in known markets. Yet the portion of crops consumed 
or given away may be larger for a region such as Sado, 
resulting in lower valuation of agricultural land. Similarly, 
communities with active informal networks may have less 
monetary spending but fresh produce and frequent social 
interactions. Thus, wellbeing implications of the dollar-
value wealth may vary by context; standards of living may 
be higher than implicated by the relative wages and market 
purchasing power.

Indeed, the local scale of the present study brings to light 
specific, known attributes of regions represented by Sado 
that the IWI has yet to address. This is particularly clear for 
natural capital. At present, shadow prices are approximated 
solely by the market value of provisional ecosystem services 
(with the exception of NTFB, which take prices from empir-
ical studies on ecosystem service valuation). Other attributes 
that relate to wellbeing and sustainability such as the quality 
or variety of produce (Jehlička and Daněk 2017; Kamiyama 
et al. 2016; Kohsaka et al. 2016), regulating, supporting, and 
cultural ecosystem services (Díaz et al. 2015), and diversity 
or resilience of landscapes (Wilson 2010) are not currently 
taken into consideration. Similarly, there is currently no way 
for local, traditional ecological or cultural knowledge to be 
accounted for despite their documented relevance to the 
sustainability of resource (or wealth) management (Comb-
erti et al. 2015; Díaz et al. 2015; Olsson and Folke 2001). 
Assessment of human capital would also benefit from refine-
ment. Health was integrated in this study as Actual Age of 
Retirement (2.6 years longer in Sado than Japan). Yet this 
may be an undervaluation considering the unofficial labor 
in family farms and businesses, as well as recent findings 
that farmers live longer and have lower medical costs than 
non-farmer counterparts (Horiguchi and Genma 2017). Our 
exploratory valuation of actual working life, cultivated for-
ests and fisheries suggests that inclusion of currently unac-
counted aspects is likely to increase the relative valuation 
of rural regions.

Wellbeing implications of capital ratios

Rural and urban regions differ in the structure of capitals. 
Monetary valuation of the three capitals  enables trade-
off analysis and is considered a major strength of the IWI 
(UNU-IHDP and UNEP 2014). However, the relative 
importance of the three capitals for wellbeing may differ. 
There is solid consensus on the positive association of natu-
ral capital and wellbeing (Cox et al. 2017; Hadavi 2016; 

Korpela et al. 2014; Seymour 2016): natural environments 
benefit happiness, life satisfaction (Biedenweg et al. 2017; 
MacKerron and Mourato 2013), physical health (de Vries 
et al. 2003), mental health (Kaplan and Kaplan 1989) and 
the wellbeing or cohesion and functioning of communities 
(Holtan et al. 2014; Sullivan et al. 2004; Weinstein et al. 
2015). While factors of human and produced capitals such 
as education (Michalos 2008; Economic and Social Research 
Council 2014) and income (Kahneman and Deaton 2010) 
are also known to benefit wellbeing, our results portray 
natural capital as a defining characteristic of rural regions 
(Fig. 10). These regions would benefit from governance that 
sees beyond the conventional focus on economic output and 
considers the wellbeing implications of abundance in natural 
capital.

Limitations and future research

The globally applicable methodology is convenient and 
offers otherwise unavailable, comparative insights, but is 
constrained to widely available data. The shadow value of 
human capital is derived from formal schooling and mar-
ket wages; natural capital is largely dependent on market 
values of produce. Use of economy-wide variables such as 
output and investment to quantify produced capital brings 
practical difficulties of parsing out inter-capital dependen-
cies and double counting. In our case, some data were only 
available at higher administrative levels and extrapolated or 
interpolated accordingly (see supplementary material). The 
downscaling may have affected the accuracy of our results.

As such, applying the index designed for use at the 
national level has revealed opportunities for future refine-
ment of the index itself, as well as for use in contexts similar 
to our study area. Our assessment suggests that the restric-
tion of data has limited the IWI’s ability to capture assets 
essential to a society’s long-term wellbeing. Data reflect-
ing on-ground realities and verification of the top-down 
assessment with bottom-up measures of social welfare, 
such as individual-level questionnaire responses, may help 
to address this lack of accuracy in shadow price estimates. 
Non-market production and labor, cultural ecosystem ser-
vices, and social capital are often context-specific (Eastwood 
et al. 2016) and largely missed at present. These are sug-
gested as starting focal points of such optimization.

An additional consideration is that values inevitably 
change according to the socio-cultural and temporal con-
text. While the valuations strive for intertemporal validity by 
encompassing historical market values and discounting into 
time horizons of infinity, shadow prices ultimately rely on 
market prices, and of some period of time. The shadow value 
of agricultural land is fixed across time, so that changes in 
agricultural wealth reflect change in land area, rather than 
consumption. This may be a reasonable approximation of the 
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preferences of individuals represented by available data, but 
is unable to account for the full extent of an asset’s benefits 
to society or for future changes to preferences (Duraiappah 
et al. 2014) or external circumstances. Future work to ensure 
the pertinence of this index to sustainable development may 
account for physical i.e. planetary limitations to growth in 
wealth (Dearing et al. 2014). It may also consider (Ascough 
et al. 2008) and represent (Spiegelhalter et al. 2011) uncer-
tainties in ways accessible to decision makers to better 
implement the theoretical ideal of shadow prices that repre-
sent intergenerational wellbeing.

Conclusion

In light of demographic and economic shrinkage in rural 
regions around the world, our study attempted to highlight 
rural regions’ unique wealth by comparing the inclusive 
wealth of Sado Island and Japan between 1990 and 2014. 
In doing so, we have broadened the knowledgebase of IWI 
and parallel indicators by newly applying the IWI at the local 
level and identifying its strengths and weaknesses. We also 
adapted developments in the estimation of human capital 
(i.e. work life span), and supplemented natural capital with 
estimates of cultivated forests and fisheries. Results dem-
onstrate the distinct potential of the IWI as a stock meas-
ure. As with per capita GDP, Sado’s per capita wealth was 
lower than national averages, but the difference was 10% 
and narrowing, compared to the 16% and recently widening 
difference in per capita GDP. Of the three capitals, human 
capital was dominant, as previously reported, and captured 
the ongoing shrinkage of Sado. However, Sado’s per capita 
natural capital was about threefold national averages. Fur-
ther, findings suggest that current measures undervalue 
natural capital, and that integration of additional aspects 
would increase the relative valuation of inclusive wealth in 
rural regions. In other words, this study affirms past research 
indicating that rural regions are undervalued, and suggests 
that development policies consider them as greater assets to 
society than currently suggested by GDP. Opportunities and 
focal points for optimizing the methodological approach are 
also suggested toward the implementation of the index for 
sustainable development.
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