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Abstract: This paper presents a new perspective of national power—sustainable national 

power (SNP)—emphasizing both the traditional comprehensive national power (CNP) and 

social and environmental sustainability. We propose a measurement to quantify the SNP 

based on the measurement of comprehensive national power and a sustainable adjusted 

index. In addition, density-equalizing maps are adopted to visualize the sustainable national 

power of countries in order to gain a better understanding for its current state and future 

development from a cartographic perspective. China and its neighboring countries are 

selected as a case study area. The results show that China outperforms other countries in 

most of the CNP dimensions but performs poorly in various SNP-adjusted dimensions within 

the study area. The composite score shows that China is with the highest regional SNP, 

followed by Japan, Russia, South Korea and India. Furthermore, time series of cartograms 

reveal evidence showing power transitions among countries. In addition, the effectiveness 

of cartograms for cartographic communication is discussed. 
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1. Introduction 

Comprehensive national power (CNP), the most widely used index to comprehensively measure and 

represent the global or regional competiveness and influence of a country, plays a central role in 

international relations theory [1]. Previous theories consider that the growth of states means the 

extension of power radius and the expansion of living (interest) space (e.g., [2,3]). However, under the 

background of globalization, economic radiation, and political and cultural influences become the main 

means of states growth instead of land occupation. National power requires new interpretation and 

measurement under the background of sustainable development. 

In this paper, we present a new perspective of national power—its sustainability. In the next section, 

we will first define sustainable national power from the perspective of social and environmental 

sustainability. Then, we review previous work measuring comprehensive national power and sustainable 

competitiveness. Based on these works we construct an indicator system and present a measurement to 

quantify sustainable national power. Then we select China and its neighboring countries as a case study 

area and apply our model to this area. Results are analyzed and, finally, conclusions are drawn. 

2. Definition of Sustainable National Power 

Power can be understood in different disciplines. For example, from the perspective of Geopolitics, 

Mattos defined national power as “the integrated expression of all capacities which a nation possesses 

at a considered moment for promoting internally and externally the achievement of national objectives, 

in spite of whatever challenges to it” [4,5]. 

Over the past few decades, there has been an increasing consensus on sustainable development of 

human beings to achieve prosperity in the future. In the report, Our Common Future, published by the 

World Commission on Environment and Development (WCED) in 1987, sustainable development was 

defined as the “development that meets the needs of the present without compromising the ability of 

future generations to meet their own needs” [6]. In the Global Competitiveness Report, released by the 

World Economic Forum (WEF), sustainable competitiveness is defined as “the set of institutions, 

policies, and factors that make a nation productive over the longer term while ensuring social and 

environmental sustainability” [7]. 

In a similar fashion, we define sustainable national power (SNP) as the capability of a nation that 

makes it maintain higher competitiveness over the long term by ensuring social and environmental 

sustainability. A higher level of social and environmental sustainability is critical to a country for it to 

be more productive, more creative, and less vulnerable to external challenges and, thus, can contribute 

to its national power. 

3. Related Work 

3.1. Measuring Comprehensive National Power 

Earlier studies used single variable approaches to measure national power. For example, territory and 

population were considered as the most obvious and available indicators to represent power [8]. Other 

variables, such as gross domestic product (GDP), armed forces personnel, military expenditure, and 
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resource and energy consumption were also frequently employed in empirical studies [9,10]. Single 

indicators have the advantage of simplicity. However, single variable approaches are limited to one 

aspect of national power and cannot express different facets of countries [1]. Thus, to measure the overall 

competitiveness and influences of countries, a composite indicator is required. 

Numerous multivariable models have been proposed to measure national power (Table 1). Cline’s 

power equation is among the most famous [11]. He used the critical mass (population + territory), 

economic capability, military capability, strategic purpose, and national will to quantify national power. 

The Correlates of War Project use six indicators to measure state power: total population, urban population, 

armed forces personnel, military expenditures, iron and steel production, and energy consumption [12]. 

The Strategic Assessments Group assess power based on four indicators: gross domestic product (GDP), 

population, defense spending, and technological innovation [13]. Karl listed eight indicators for power 

measurement: economic performance (GDP), social development (life expectancy), educational performance 

(international student assessment scores), government performance (corruption), energy production, 

military expenditure, arms production, and nuclear weapons capability [14]. 

Since Joseph Nye coined the term ‘soft power’ and distinguished it from ‘hard power’ in 1990, efforts 

have been made to integrate hard power and soft power into quantitative power measurement [15]. 

Different from hard power, soft power emphasizes the ability of influences to other countries through 

non-force means, such as cultural influence, educational appeal, and technological endowment. 

According to Nye, it is the “ability to get what you want through attraction rather than coercion or 

payments” (p.x in [16]). Essentially, some components of previous power measurement models belong 

to soft power, such as the strategic purpose (S) and national will (W) in Cline’s model, and the cultural 

power and political power in Yan’s model. However, it is difficult to quantify soft power directly 

although some indicators are available. For example, the number of foreign exchange students and tourist 

visits were used to measure cultural appeal [12]. 

Table 1. Examples of previous national power measurement models. 

Source Year Formula Description 

German [17] 1960 
Power = N × (L + P + I + M), 

Where N = nuclear capability, L = land, I = industrial base, and M = military. 

Cline [11] 1975 

Power = (C + E + M) × (S + W), 

Where C = critical mass (population and territory), E = economic capability,  

M = military capability, S = strategic purpose, and W = national will. 

Matto [4] 1977 

Power = (C + E + M) × (S + W + P), 

Where C = critical mass (population and territory), E = economic capacity,  

M = military capacity, S = strategic concepts held by a state, W = national will,  

and P = capacity to persuade or convince. 

Small and  

Singer [18] 
1982 

Power=  (ME + AF + IP + EC + UP + TP)/6 

Where ME = military expenditure, AF = armed forces personnel,  

IP = iron production, EC = energy consumption, UP = urban population,  

and TP = total population. 

Kadera and  

Sorokin [1] 
2004 

Power = (ME × AF × IP ×EC × UP ×TP)1/6, 

Where symbols are the same as Small and Singer’s model above. 
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Table 1. Cont. 

Source Year Formula Description 

Chang [19] 2004 

 𝑃𝑜𝑤𝑒𝑟 =   (𝐶𝐸 +  𝐸 +  𝑀)/3 

Where CM = critical mass (population + land area), E = economic strength,  

and M = military strength. 

Hafeznia  

et al. [9] 
2008 

Power = EC + PL + CL + SC + MI + TR + ST + TN + AS, 

Where EC = economical factor, PL = political factor, CL = cultural factor,  

SC = social factor, MI = military factor, TR = territorial factor, ST = scientific  

and technological factor, TN = trans-national factor, and AS = astro space factor. 

Yan [20] 2008 

Power = (M + E + C) × P, 

Where M = military power, E = economic power, C = cultural power,  

and P = political power. 

3.2. Measuring Sustainable Development and Competitiveness 

Several approaches are ongoing to measure sustainability at the country level. A notable approach is the 

Global Competitiveness Index (GCI) developed by the World Economic Forum [21]. The GCI measures the 

economic foundations of national competitiveness using 12 pillars, which include over 100 indicators. 

According to the GCI, global economies are classified into foctor-, efficieny-, and innovation-driven stages. 

Based on the GCI, the GCR introduces two adjusted indices: Social sustainability coefficient and 

environmental sustainability coefficient. Then, the sustainable competitiveness (the sustainability-adjusted 

GCI) is measured by multiplying the GCI and the adjusted coefficients. 

A second approach is the Human Development Index (HDI) released by the United Nations 

Development Program (UNDP) [22]. The HDI only uses three dimensions and the four simplest indicators: 

Health (life expectancy at birth), education (mean years of schooling and expected years of schooling), 

and standard of living (gross national income per capita). The HDI is the geometric mean of the three 

dimensional indices. Then, countries are divided into very high, high, medium, and low human 

development groups. Similar to GCI, HDI also adopts a series of adjusted indices to cover gender 

inequality and poverty. 

Efforts have also been put into measuring specific aspects of social and environmental sustainability. 

For example, Van de Kerk and Manuel developed the Sustainable Society Index (the SSI) for sustainable 

society measurement [23]. The SSI is composed of 22 indicators in five categories: Personal development, 

clean environment, well-balanced society, sustainable use of resources, and sustainable world. In terms of 

environmental sustainability metrics, contributions include Ecological Footprint developed by WWF [24], 

and the Millennium Development Indicators developed by the United Nations [25]. 

4. Measuring Sustainable National Power 

4.1. Framework of SNP Measurement 

Based on the definition of sustainable national power, we calculate SNP by following three steps: (1) 

measuring CNP using a traditional approach; (2) introducing and measuring a SNP-Adjusted Index; and 

(3) calculating SNP by multiplying CNP and SNP-Adjusted Index (Equation (1)). The use of multiplication 

means that in extreme conditions, if CNP = 0 or SNP-Adjusted Index = 0, the final SNP = 0. 
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SNP = CNP × SNP-Adjusted Index (1) 

where CNP and SNP-Adjusted Index are calculated using Equations (2) and (3), which are described in 

the following two sections, respectively. 

4.2. Measuring CNP 

Based on previous CNP measurement models, we distinguish five dimensions, namely, critical mass 

(CM), economic strength (E), technological strength (T), military strength (M), and cultural appeal (CA) 

for CNP measurement. Each dimension is composed of a set of indicators (Table 2). Most of the indicators 

are derived from previous studies. 

 Critical mass (CM). Adopted from Cline’s model, critical mass contains the very basic variables 

to form power: land, population, resources and energy. 

 Economic strength (E). Only GDP is included in this dimension, as GDP is among the top 

power indices and even considered as the best single index of a nation’s power [26,27]. Here we 

use GDP to represent a nation’s economic capability. 

 Technological strength (T). With the development of technology, it has become increasingly 

important for economic and military growth. We consider technological strength as an essential 

dimension of national power though it has been emphasized by only a few studies (e.g., [9]). We 

select R&D expenditure, number of researchers, scientific papers and patent applications as 

indicators to measure technological strength. 

 Military strength (M). Military expenditure, armed forces personnel and nuclear capability are 

most frequently used indicators of military strength and thus are adopted in our model. In addition, 

we select arms imports and exports to represent the level of arms development. 

 Cultural appeal (CA). It cannot be ignored that the influence of a nation’s culture is becoming 

increasingly significant. We consider cultural appeal as a dimension of comprehensive national 

power as Yan [20] and Hafeznia et al. [9] did. We use several indicators to measure cultural 

appeal involving the number of feature films, Olympic medals, world heritage sites, international 

fairs and exhibitions, and international students. 

It should be noted that the dimensions of “hard power” and “soft power” are not explicitly distinguished 

in our model because “the distinction between hard power and soft power is not entirely persuasive” 

(p.xi in [13]). For example, as Nye pointed out, economic resources and military resources can produce 

both hard- and soft-power behavior [15]. 

The final CNP is calculated using Equation (2). 

1
( )

5
CNP CM E T M CA      (2) 

Indicator values are firstly normalized to 1–100 using either Equation (3) or (4). The CNP score is 

calculated by successive aggregations of scores from the lowest indicator level all the way up to the 

overall CNP score. Indicators within a dimension are aggregated with equal weight (i.e., an arithmetic 

mean is used). The final CNP scores are normalized to 0–100 (low–high). 
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Table 2. Dimensions and indicators for CNP measurement. 

Critical Mass (CM) Economic Strength (C) Military (M) 

 Total population  GDP  Military expenditure 

 Land area  Armed forces personnel 

 Energy production  Arms imports and exports 

 Natural resources  Nuclear capability 

Technological Strength (T) Cultural Appeal (CA)  

 R&D expenditure  Feature films produced  

 Researchers  Olympic medals  

 Scientific articles  World Heritage sites  

 Patent applications  International fairs and exhibitions  

  International students  

4.3. Measuring SNP-Adjusted Index 

4.3.1. Calculation of SNP-Adjusted Index 

SNP-adjusted Index is calculated as the geometric mean of the Social-adjusted Index and 

Environmental-adjusted Index (Equation (5)). The use of geometric mean is adopted from HDI [28].  

The adjusted indices are normalized to 0–1 (low–high). 

SNP-adjusted Index = (Social-adjusted Index × Environmental-adjusted Index)1/2 (5) 

where the calculation of Social-adjusted Index and Environmental-adjusted Index is described below. 

4.3.2. Calculation of Social-Adjusted Index 

Three dimensions have been identified and corresponding indicators are selected for measuring 

Social-adjusted Index as shown in Table 3: 

 Healthy and decent life. A key element of a country’s power is its people. As stated by Merritt, 

“A healthy, skilled population may be a capability; an equally large but disease-ridden and 

illiterate population can be a load on a government's capacities” (p. 143 in [29]). A high income 

and improved sanitation facilities are basic requirements for a healthy and decent life. Obviously, 

a high standard of living will naturally expect a long life expectancy. 

 Education. Education is a prerequisite for individuals to master basic living skills. Furthermore, 

good quality of higher education plays the fundamental role in an innovative society. We use 

years of schooling and literacy rate to represent basic level of education. Particularly, we adopt 

tertiary school enrollment to measure the potential of education to creativity and technology for 

a country. In addition, expenditure on education is included because it is the guarantee of 

educational resources and facilities. 
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 Well-balanced society. A well-balanced society consists of a number of elements. Government 

performance is a prominent one. We select the Worldwide Governance Indicators (WGI) developed 

by World Bank [30] to measure governance. The WGI is a composite index measured by six 

dimensions of governance (namely, voice and accountability, political stability and absence of 

violence, government effectiveness, regulatory quality, rule of law, and control of corruption). 

Other most relevant indicators such as gender inequality, poverty, unemployment, population 

growth, and aging population are also included to measure the society dimension. 

Table 3. Dimensions and indicators of Social-adjusted Index measurement. 

Healthy and Decent life Education Well-Balanced Society 

 Life expectancy  Mean years of schooling  Good governance 

 GNI per capita  Expected years of schooling  Gender inequality 

 Access to improved sanitation facilities  Literacy rate  Poverty 

  School enrollment  Unemployment 

  Expenditure on education  Population growth 

   Aging population 

4.3.3. Calculation of Environmental-Adjusted Index 

We highlight three dimensions for measuring Environmental-adjusted Index (Table 4): 

 Renewable resources. Efficient use of renewable resources can benefit our future generations 

by decreasing traditional fossil energy depletion and reducing greenhouse gas emissions. 

Promoting uses of renewable resources can also facilitate new technique development and 

initiate new markets. Balancing the use of renewable and non-renewable resources to meet 

present’s needs while support next generations plays a critical role in environmental sustainability. 

Here we use renewable energy consumption, renewable freshwater resources and renewable 

source supply to measure this dimension. 

 Natural resources and biodiversity. Biodiversity provides raw materials for our daily life and 

supports economic growth. It is also the key to maintain the stability of the planet ecosystem. 

Here, we use a composite indicator to measure the biodiversity potential. 

 Carbon reduction. Climate change has posed great challenges on human beings such as global 

warming and extreme weather events [31,32]. In its latest report, the Intergovermental Panel  

on Climate Change (IPCC) concluded that the global mean-surface temperature increased  

0.85 degree from 1880 to 2012 and that the increase of carbon dioxide (CO2) emissions in the 

atmosphere is the main driving force [33]. Responding to climate change requires intergovernmental 

cooperation, but individual counties should take corresponding responsibilities. Developing 

countries should keep a good balance between economic development and greenhouse gas 

emissions. Here, we use CO2 emissions to measure the level of a nation’s carbon reduction. 
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Table 4. Dimensions and indicators of Environmental-adjusted Index measurement. 

Renewable Resources Natural Resources and Biodiversity Carbon Reduction 

 Renewable energy consumption  Forest  CO2 emissions 

 Renewable internal freshwater resources  Biodiversity  

 Primary energy supply from renewable sources  Natural resources depletion  

5. Visualizing Power Using Density-Equalizing Maps 

“Cartography are more than techniques and maps are more than tools” [34]. Maps provide us with 

not only visualization of geographically distributed data, but also an approach to further understand the 

information and explore the pattern under the data. The thematic map, such as choropleth maps, the 

commonly used form to present data, has the advantage of being easily recognized. However, such 

thematic maps are criticized for their visual inequality [35,36]. 

Different from conventional thematic maps, density-equalizing maps, or value-by-area maps, or 

cartograms, distort areas of polygons in proportion not to on the ground area but to its attribute values, 

making them appear to be visually striking and attention attracting. From the perspective of Cartography, 

density-equalizing maps are projections from the geographic space to the conceptual space [37]. 

Cartograms provide us with a visual equality representation and have become a popular perspective to 

rethink reality [38,39]. 

Cartograms are not new. Since the first cartogram created by Raisz [40], which used rectangles to show 

distribution of various economic attributes of the United States in 1934, a great number of cartograms have 

been generated and applied to mapping different fields, such as census, election returns, and public health. 

Probably the most famous cartogram is the US election results designed by Gastner and colleagues [36,41]. 

The cartogram of the US election results outperforms the traditional choropleth maps in that the  

density-equalizing maps treat every vote with equal importance, resulting in a higher accuracy of the 

distribution of the two sides of the participant supporters. Dorling created Dorling cartograms that use 

circles regardless of the shape and topology for census mapping [35]. Dorling contended that “each person 

and each household is given equal representation in the image” [35]. Another example is the Worldmapper 

project (http://www.worldmapper.org) consisting of numerous-area cartograms of global socioeconomic, 

environmental, and political conditions that aim at reshaping our understanding of the world [42–44]. 

Others cartograms are used to present state spending on research and development (R&D) [39], global 

earthquake risk [45], population and wealth distribution [46], to support education in school  

cartography [47], and so on. Researchers in public health also employ density-equalizing maps to 

visualize and analyze disease and health-related issues (e.g. [48–52]). 

Cartograms are able to inherently represent the process of power growth and distribution. First, the 

cartogram generation process is analogous to the state competition for living space. Algorithms to 

generate cartograms ensure that the total area of the resultant maps is the same as that of the original 

(i.e., the space and resources are limited). Polygons that have higher values will gain more area (i.e., 

more powerful states are more competitive for more living spaces and resources for growth; on the 

contrary, less powerful states are restrained). Consequently, the space is redistributed according to state 

power and the geographical space is transformed into a power space. Second, both living (interest) space 
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and cartogram are conceptual spaces instead of a real space. The cartogram can be viewed as a metaphor 

of the power. 

6. A Case Study 

6.1. Study Area 

China and its neighboring countries are selected as the study area (21 countries in total, see Figure 1). 

The study area is chosen because the countries in this area differ significantly in socioeconomic 

development level (consisting of developed, developing, and undeveloped countries; the world’s top two 

largest populations), history and culture, political institution, and natural environment (including inland, 

maritime space, and island countries; the world’s first and third largest land areas), making the power 

composition very complicated. Furthermore, China is located where Spykman called “rimland” sections 

of the Eurasia continent [53]. The rise of China in the past few decades has attracted much attention on 

its power growth [54–56]. 

 

Figure 1. Study area and population density. 
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6.2. Data and Software 

Multiple data sources are used for CNP measurement (see Supplementary Material), such as World 

Bank Open Data [57] and World Economic Forum (WEF) Reports [21,58]; the estimated GDP of 2019 

are from World Economic Outlook Database of International Monetary Fund [59]; the vector boundary 

shapefiles of countries and raster basemap with shaded relief and water are from free data of Natural 

Earth (http://www.naturalearthdata.com/). Please refer to the Supplemental Material for a full list of the 

indicators and the raw data of the measurements. 

Numerous algorithms has been proposed to generate cartograms aimed at controlling the shape distortion, 

preserving the topology of the polygons to enhance the readability, and improving the computing efficiency 

(e.g., [36,60–65]). For example, Dougenik, et al. [66] presented an algorithm that assumes forces exerted 

from each polygon centroid to the coordinates of boundary point, making these points displaced. After a 

given number of iterations, each polygon reaches its desired area. Gastner and Newman [36] proposed a 

diffusion-based method to construct density-equalizing maps. This algorithm let the population density flow 

from a high-density area to a low-density area until density is equal. The Gastner and Newman method 

exhibits better results than previous ones and, thus, is adopted in this paper. 

Many web tools and software can generate cartograms, such as ArcView [67], GeoDa [68], 

ScapeToad (http://scapetoad.choros.ch/), and MAPresso (http://www.mapresso.com/). In this paper, we 

adopted Gastner and Newman’s algorithm [36], which was integrated into ESRI ArcGIS 10.0 

(http://www.esri.com) as an extension tool by Tom Gross to generate density-equalizing maps [69]. 

Projection of Asia North Albers Equal Area Conic (datum: WGS 1984) was used before transforming 

to cartograms. Since in the transformed spaces, projection, data, and scale bar lose their original meaning 

in geographic space, these information was excluded in resultant maps. All maps were designed and 

printed from ESRI ArcGIS. In order to facilitate region recognition, reference graticules of 10 degree 

and a raster basemap with shaded relief and water are used. For maps of aggregated index, an e based 

exponential transform was applied to the data before the map generation to reach a visually striking 

effect, which, meanwhile, exaggerated the differences among countries. 

6.3. Results 

6.3.1. Power Distributions in Conceptual Spaces 

Figures 2 and 3 show the results of the CNP and SNP scores of 2014, respectively. All counties are 

distorted according to the country population and the space is reshaped on this brand new display. The 

top three counties are analyzed below. 

China tops the CNP scores, followed by Japan, Russia, India, and South Korea (Table 5). The country 

ranks at the top in four dimensions (critical mass, economic strength, technological strength, and cultural 

appeal) of CNP (Table 6). The great quantity of population, land area, and natural resources lays a solid 

foundation for development of economy, which further enhances the strength of technology and military. 

China’s high investment in research and development (R&D) enhances the technological output in 

research. Furthermore, China’s military strength is among top levels (2nd) in the region with its highest 

expenditure, modernized armed forces and strong nuclear deterrence. Finally, the cultural appeal also 

constitutes another strength. 
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Figure 2. Cartogram of population and CNP of 2014. Note that the map is a two variable 

value-by-area cartogram, in which the state size represents the population and state color 

represents the CNP scores. 

However, China exhibits the low competiveness in SNP-adjusted index (12th) although it stands in 

the first place of the final SNP score. The weaknesses in healthy and decent life (8th), education (9th), 

and a well-balanced society (9th) leads to its 10th position in the social-adjusted SNP index (Table 7). 

China’s low renewable energy consumption and low per capita renewable water resources contribute to 

its 13th place in renewable resource scores (Table 8). Another concern comes from its high Carbon 

Dioxide emissions. High potential of biodiversity and a relative low speed of natural resources depletion 

constitute a notable strength for environmental sustainability. 

Japan ranks the third in CNP but goes up to second in the SNP owing to its better performance in 

SNP-adjusted index (1st). As an island country, Japan is in shortage of land area and natural resources, 

resulting in a lower rank in the critical mass dimension (9th). However, the highly developed economy 

(2nd) shows high competitiveness in the study area. Outstanding performance is also revealed across 

indicators of technology (2nd) with high research and development (R&D) investment and innovative 

outputs. Having a medium size but highly informationalized military force with no nuclear forces and 

high military spending, Japan displays strong military strength (7th). Finally, the CNP of Japan is further 

enhanced by its strong cultural influence (2nd). 
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Figure 3. Cartogram of carbon dioxide emissions and SNP of 2014. Note that the map is a 

two variable value-by-area cartogram, in which the state size represents the total CO2 

emissions and state color represents the SNP scores. 

Japan also exhibits high competitiveness in the dimension of social-adjusted SNP index (2nd) with 

its long life expectancy, high GNI per capita, a full coverage of improved sanitation facilities, and a high 

level of education. The society is supported by its high performance of governance and gender equality. 

A major concern comes from its negative population growth and a high degree of aging population, 

resulting in a low rank (14th) of the society dimension. However, Japan presents low competitiveness in 

environmental-adjusted SNP index (13th) because of its low use of renewable resources (20th) and high 

carbon dioxide emission per capita (17th). 

Russia stands in the third position in SNP on the back of its strong CNP (2nd). Owning to being the 

largest land in the world with abundant energy and natural resources, Russia exhibits superiorities in the 

basic power dimension (2nd). The quantity of economy (4th) and technology (4th) show good 

performance. Nevertheless, Russia’s military strength tops the list, making it a globally powerful force. 

However, Russia reveals low sustainable performance (13th) resulted from social-adjusted SNP index 

(6th) and environmental-adjusted index (18th). Efforts need to be made to improve governance and 

reduce unemployment rates. Russia is also faced with an aging population. In terms of environmental 

sustainability, low use of renewable resources, high depletion of natural resources, and high carbon 

dioxide emissions contribute to the main weaknesses. 
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Table 5. Results of CNP, SNP-Adjusted Index and SNP of 2014. 

Country 
CNP SNP-Adjusted Index SNP 

Score Rank Score Rank Score Rank 

China 81.03 1 0.53 10 42.58 1 

Japan 39.86 3 0.60 1 23.74 2 

Russian Federation 45.55 2 0.49 13 22.35 3 

Korea, Rep. 23.19 5 0.58 2 13.35 4 

India 30.02 4 0.43 17 12.93 5 

Indonesia 8.52 6 0.56 6 4.76 6 

Malaysia 7.13 7 0.57 4 4.06 7 

Korea, Dem. Rep. 5.09 9 0.45 15 2.29 8 

Vietnam 3.92 11 0.57 5 2.22 9 

Pakistan 5.09 8 0.37 18 1.90 10 

Philippines 2.82 12 0.54 9 1.52 11 

Kazakhstan 4.11 10 0.35 19 1.42 12 

Myanmar 2.16 13 0.52 12 1.12 13 

Mongolia 1.48 14 0.43 16 0.64 14 

Nepal 0.85 16 0.48 14 0.41 15 

Afghanistan 1.28 15 0.29 20 0.37 16 

Kyrgyz Republic 0.68 17 0.54 8 0.37 17 

Lao PDR 0.41 19 0.52 11 0.21 18 

Tajikistan 0.35 20 0.55 7 0.19 19 

Brunei Darussalam 0.50 18 0.29 21 0.14 20 

Bhutan 0.13 21 0.57 3 0.07 21 

Table 6. Results of five CNP dimensions. 

Country 
Critical Mass Economic Strength Technological Strength Military Strength Cultural Appeal 

Score Rank Score Rank Score Rank Score Rank Score Rank 

China 89.33 1 100.00 1 74.52 1 61.84 2 79.43 1 

Russian Federation 62.64 2 17.94 4 21.45 4 73.04 1 52.68 3 

India 38.29 3 19.94 3 10.41 5 40.89 3 40.57 4 

Indonesia 14.84 4 8.56 6 0.70 11 8.26 8 10.23 7 

Kazakhstan 10.01 5 2.03 10 2.82 7 1.22 15 4.49 10 

Pakistan 5.68 6 2.37 9 1.04 9 13.04 6 3.34 12 

Malaysia 3.83 7 3.14 7 8.13 6 3.14 12 17.40 6 

Vietnam 3.72 8 1.78 11 0.71 10 6.36 10 7.05 8 

Japan 3.49 9 44.41 2 72.97 2 10.33 7 68.13 2 

Philippines 2.97 10 2.73 8 0.48 13 1.95 13 5.98 9 

Myanmar 2.90 11 0.60 12 0.01 16 6.85 9 0.41 18 

Mongolia 2.79 12 0.10 16 0.02 15 0.20 20 4.32 11 

Afghanistan 2.07 13 0.18 13 0.00 21 4.02 11 0.13 20 

Korea, Rep. 1.55 14 13.60 5 45.49 3 15.15 5 40.15 5 

Korea, Dem. Rep. 1.16 15  20 0.64 12 15.46 4 3.09 13 

Nepal 0.84 16 0.17 14 0.29 14 1.36 14 1.61 15 

Lao PDR 0.74 17 0.10 17 0.01 18 1.11 16 0.08 21 

Brunei Darussalam 0.49 18 0.15 15 1.13 8 0.32 17 0.41 19 

Kyrgyz Republic 0.42 19 0.05 19 0.01 17 0.22 18 2.72 14 

Tajikistan 0.35 20 0.07 18 0.01 19 0.21 19 1.10 16 

Bhutan 0.09 21 0.00 20 0.00 20 0.00 21 0.56 17 
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Table 7. Results of dimensions of social-adjusted index. 

Country 
Healthy and Decent Life Education Well-balanced Society Social-Adjusted SNP Index 

Score Rank Score Rank Score Rank Score Rank 

Korea, Rep. 0.93 2 0.93 1 0.68 4 0.85 1 

Japan 1.00 1 0.73 4 0.53 14 0.75 2 

Malaysia 0.71 4 0.67 7 0.80 1 0.73 3 

Brunei Darussalam 0.79 3 0.61 8 0.75 2 0.72 4 

Kazakhstan 0.64 5 0.72 6 0.66 7 0.67 5 

Russian Federation 0.54 7 0.80 2 0.53 13 0.63 6 

Kyrgyz Republic 0.44 10 0.72 5 0.60 8 0.59 7 

Vietnam 0.46 9 0.58 11 0.68 5 0.57 8 

Mongolia 0.30 15 0.74 3 0.67 6 0.57 9 

China 0.48 8 0.60 9 0.59 9 0.55 10 

Tajikistan 0.41 12 0.59 10 0.54 12 0.51 11 

Philippines 0.38 13 0.53 13 0.55 10 0.49 12 

Korea, Dem. Rep. 0.57 6   0.40 21 0.49 13 

Indonesia 0.36 14 0.54 12 0.49 17 0.46 14 

Bhutan 0.24 17 0.28 17 0.70 3 0.40 15 

Myanmar 0.43 11 0.25 18 0.52 15 0.40 16 

Lao PDR 0.30 16 0.31 16 0.55 11 0.38 17 

Nepal 0.15 19 0.37 14 0.50 16 0.34 18 

India 0.14 20 0.34 15 0.48 18 0.32 19 

Pakistan 0.20 18 0.12 19 0.47 19 0.26 20 

Afghanistan 0.00 21 0.09 20 0.46 20 0.18 21 

Table 8. Results of dimensions of environmental-adjusted index. 

Country 
Renewable Resources Natural Resources and Biodiversity Carbon Reduction Environmental-Adjusted Index 

Score Rank Score Rank Score Rank Score Rank 

Bhutan 1.00 1 0.48 11 0.97 6 0.82 1 

Lao PDR 0.62 4 0.52 9 1.00 2 0.71 2 

Nepal 0.68 2 0.39 12 1.00 1 0.69 3 

Indonesia 0.30 7 0.82 1 0.91 12 0.68 4 

Myanmar 0.67 3 0.34 14 1.00 3 0.67 5 

Philippines 0.28 8 0.54 7 0.97 7 0.60 6 

Tajikistan 0.47 5 0.33 15 0.99 4 0.60 7 

India 0.26 10 0.55 6 0.94 10 0.58 8 

Vietnam 0.25 11 0.49 10 0.92 11 0.56 9 

Pakistan 0.32 6 0.32 16 0.97 8 0.54 10 

Kyrgyz Republic 0.27 9 0.27 18 0.96 9 0.50 11 

China 0.12 13 0.65 3 0.72 14 0.50 12 

Japan 0.05 20 0.75 2 0.62 17 0.47 13 

Afghanistan 0.07 18 0.34 13 0.99 5 0.46 14 

Malaysia 0.11 15 0.55 5 0.68 16 0.44 15 

Korea, Dem. Rep. 0.11 14 0.26 19 0.88 13 0.42 16 

Korea, Rep. 0.07 16 0.59 4 0.51 18 0.39 17 

Russian Federation 0.14 12 0.53 8 0.48 19 0.38 18 

Mongolia 0.07 17 0.19 20 0.72 15 0.33 19 

Kazakhstan 0.02 21 0.17 21 0.34 20 0.18 20 

Brunei Darussalam 0.06 19 0.28 17 0.00 21 0.11 21 
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6.3.2. Strength Changes Overtime: Power Redistribution 

Spykman [70] pointed that “the elements contributing to strength are not static but dynamic”. The 

power itself is constantly changing and, therefore, a dynamic understanding of national power should be 

emphasized. With the high development during the past few decades, there is initial evidence showing 

that power is redistributed. The most obvious reflection is economic quantity. This power transition 

process is visualized vividly in Figure 4. For comparison, statistical data of the top five are shown in  

Figure 5. Japan became the largest economy of this region (the second in the world) in late 1960s and 

kept its position for over 40 years until China overtook it in 2010. China’s economy continues to grow 

rapidly and the gap is broadening. China has become the largest trading nation with a trade to GDP ratio 

of 50.24 percent [57]. With the economic growth, other sectors have been accelerated, such as the  

high-techniques and education. 

 

Figure 4. Power redistribution: Comparison of GDP of (a) 2010 and (b) 2000 through cartograms. 

 

Figure 5. GDP growth of top five economies at four time points (1990, 2000, 2010, and 

2014, respectively). 
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Another economic power transition occurred between Russia and South Korea. After the collapse of 

the Soviet Union, Russia experienced an economic decline and recovery. The total GDP of Russia was 

517 billion USD in 1990 (the second largest economy of this region), about 1.8 times as much as South 

Korea, but decreased to 260 billion USD, which was less than half of South Korea (562 billion USD) by 

2000. During the first decade of 21st century, Russia’s economy recovered and overtook South Korea 

again by 2010. 

To illustrate the power changes, we calculated the CNP in 2000 for comparison. It can be seen from the 

two intuitive depictions that China overtakes Japan’s position at first place of CNP within the study area. The 

expanding power space of China and the shrinking of Japan indicate the power growth of the former and the 

transition between them. Russia also climbs from 4th to the 3rd, taking South Korea’s position. 

7. General Discussion 

7.1. Re-Visualizing Borders in Conceptual Spaces 

It is the political or administrative borders that act as the basic units for our understanding of the world, 

although these borders are artificial and nonexistent. Our daily lives are structured to these mutually 

exclusive administrative regions based on borders. Through borders that are projected on maps, we can 

distinguish different administrative units, such as cities, countries, continents, and the world. We are able 

to identify countries by retrieving shape information from long-term memory stored in our brain, and then 

matching map representations. Since these borders represent the geographic world that we are familiar 

with, it is quite natural that they keep forms similar to reality, making it difficult to re-think their alternative 

representations [71]. What if the territorial regions are projected to conceptual spaces (e.g., cartograms)? 

If we see that maps are projections from graphical spaces to conceptual spaces based on attributes, then 

conventional maps are special cases of such projections, according to their geographical areas. When 

projected in power spaces, particularly those shown in this paper, borders are the re-organizations of 

territorial regions showing our re-understanding of the world rather than the administrative divisions that 

convey political meaning. 

7.2. Effectiveness of Cartogram for Cartographic Communication 

Despite its popularity, the effectiveness of the cartogram is doubted by researchers because of the 

difficulties in recognition caused by shape distortions and topology disconnectivity [37,72]. Dent [73] 

stated, “Communication with cartograms is difficult”. Rittschof, et al. [74] found that successful 

communication of cartograms requires long-term familiarity with the regions and that cartogram can 

lead to a greater distortion in mental reconstruction of the region. Empirical studies by Sun and Li [72] 

have found that qualitative results, such as US election data, is better represented by a cartogram, while 

quantitative results, such as China population data, is more appropriately shown by conventional 

thematic maps. To meet three important requirements for cartogram reading: Shape preservation, 

topology preservation, and visual equalization, Roth, et al. [75] presented an alternative technique to 

cartogram called value-by-alpha maps, which adjusts the alpha of the color according to the  

attribute values. 
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The cartogram of US election results, which was created by Gastner and Newman [36], has been 

proved to be more effective and accurate than the choropleth maps to represent election outcomes. Both 

Gastner and Newman [36] and Dorling [35] emphasize the equality of each vote or each household. 

Dorling argued that “By trying to minimize visual bias, cartograms can be claimed to have advantages 

in census mapping, being more sensible statistically and more just socially. Their disadvantage is that 

they are unfamiliar, but we do not learn from familiarity” [35]. 

8. Conclusions 

This paper emphasizes the sustainability of national power and presents a measurement to quantify 

the sustainable national power. In addition, sustainable national power and its components are visualized 

using density-equalizing maps to facilitate the understanding of the power for countries’ development. 

The conceptual space is used as a key theoretical tool to bridge the power space and maps. Specifically, 

sustainable national power is modeled based on the measurement of comprehensive national power and 

SNP-adjusted index. 

China and its neighboring countries are selected as a case study area and are applied to the proposed 

model. Results intuitively show that China outperforms other countries in most of the CNP dimensions 

but performs poorly in various SNP-adjusted dimensions. The SNP score shows China is with the highest 

regional sustainable national power, followed by Japan, Russia, South Korea, and India. Time series of 

cartograms reveal evidence showing power transitions among countries. 

Maps are visualizations of our knowledge and the way we think about the world. Cartograms are not 

only depictions that shock our visual attention, but also externalizations of social, economic, and political 

processes. This paper contributes to the cartographic literature by demonstrating cartograms to visualize 

radius extension and living space expansion, which are theoretically grounded in international relations 

and political geography. We hope that it will, not only facilitate the understanding the power of China 

and neighboring countries, but also provide new thoughts of visualizing knowledge of political 

phenomena. 
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