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Abstract

:

The aim of this work is to design a multiobjective model to explain the behavior among military expenditures (MEs), the human development index, and the global peace index in countries belonging to the North Atlantic Treaty Organization (NATO) for the study period 2008–2016. In order to solve this problem, different decision variables have been considered: health expenditure, education expenditure, Gross Domestic Product (GDP), collected taxes, public debt, and R&D costs, which are related to health, education, and economic sectors. To determine the relationships among decision variables making up the objective functions and model constraints, different panel data models were estimated. The obtained results show that the major part of the NATO countries present a behavior which differs from what is efficient. In this context, this work highlights the path to follow by each country, such as the implementation of public budget policies in the health and education sectors, and for collected taxes and public debt, to achieve efficient solutions.
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1. Introduction


The security and development of states are constant national issues that define the strategic, political, economic, and social positions of governments. In general terms, governments’ aim is to define the best structure for the public budget to maximize societal well-being and development. Military expenditure (ME) is an important component of this budget, as it improves the state’s capacity to protect the national interest from possible threats [1]. In countries that belong to the North Atlantic Treaty Organization (NATO), however, other factors also contribute to the maintenance of security. In this work, we focus only on MEs among these factors.



MEs have been studied exhaustively to understand related decision making and its impacts on different aspects of society, such as the economy, security, and human development. These efforts, to prove the relation between MEs and the other state sectors, were made considering organizations such as OECD (Organization for Economic Co-operation and Development), NATO (North Atlantic Treaty Organization), BRICS (Brazil, Russia, India, China, and South Africa), G7 (Germany, Canada, the United States of America, France, Italy, Japan, and the United Kingdom), regions (i.e., from Europe, Asia, and Latin America), and also individual countries such as Brazil, United States, Spain, England, Sri Lanka, and Turkey. In [2], it was pointed out that empirical studies of MEs have been conducted from two different perspectives: models of the arms race based on [3], which introduced the increase in weapons within an action/reaction frame and seems to be appropriate for the analysis of the situations of countries involved in conflict; and the proposition that MEs are determined by economic, political, and military aspects and that the state maximizes the social well-being function, of which the security achieved by MEs is a key component [4,5].



In this work, we face several research questions: on the one hand, to determine the relation between military expenditure, Global Peace Index (GPI), and Human Development Index (HDI), as well as its conflict level, and to analyze the most influential variables in the performance of these objectives and their relationships. On the other hand, an important aspect is to determine if a given country could improve in terms of the objectives under study. Finally, we would like to analyze the differences between the situations of NATO countries, with respect to the efficient values of the objectives considered.



Several researchers have examined the relationship between MEs and economic growth [6,7,8]. [7] concluded that most of the models applied were ad hoc and lacked well-defined economic bases. In this context, [9] proposed a model to address the shortcoming noted by [7] with a fundamental two-sector model for examination of the effect of exportation on economic growth. According to [8], the study of MEs in developing countries focuses on fundamental questions related to development and growth, government, and security, which are difficult to quantify and model properly. They divide theoretical models of the relationship between MEs and growth into three sets: those analyzing the roles of offer and demand in capital gain (Keynesian), those that highlight positive or negative externalities, and those that emphasize that security is a public property. Empirical models have been established based on a single equation estimated using the ordinary least-squares method. However, a single equation cannot encompass the multiple and complex interrelationship of MEs with the economy. As defense and economic growth are related to security and development, theoretical models should encompass the broad context of the socioeconomic situation and yield multivariable explanations. Recently, [10,11] revised this multivariable relationship using countries panels between 1992–2006, 1998–2012, and 1970–2014. Hence, we propose that relationships among the objectives MEs, security, and development be analyzed simultaneously to answer the first question mentioned. This goal requires the use of a methodology that facilitates understanding of the combination of these objectives during decision making, such as multicriteria decision-making analysis. Multiobjective programming enables work with several objectives in a feasible region with the aim of determining their Pareto front [12]. The action plan for the countries, considering the given objectives, is far from being homogeneous, because of different intrinsic aspects related to each country: political, economic, social, cultural… For this reason, one of the best methods to embrace all these action disparities and to analyze a simultaneous study of the different performances is multiobjective programming, which enables the determination of efficient behaviors. In this context, the proposed model is one of the major contributions of our work, from a methodological point of view, as well as its utility in economy, politics, and social improvement.



In this work, our aim was to formulate a multiobjective programming model to identify the best solutions that simultaneously maximize the human development index (HDI) and minimize MEs and the global peace index (GPI) (The objective is to minimize the GPI, as lower values indicate better situations). We take a multiobjective perspective to identify a set of behaviors that efficiently achieves these objectives, which are initially in conflict with each other. A constraint set, in particular, a feasible set proposing different types of limit, must be defined. This set includes decision variables related to budget assignation, such as education expenditures, R&D costs, and those related to sanitary aspects, as well as variables such as taxes collected, public debt, and the gross domestic product (GDP). To formulate the multiobjective programing problem, the three objective functions and the set of constraints must be estimated. Although the ordinary least-squares method has been used for this purpose in many previous studies, we applied panel data models to take advantage of the available information and obtain better parameter estimates. This will allow us to determine the variables involved in the objectives and that relationship. In this context, one might find a few results, but using a goal programming perspective [13,14,15] instead of a constraint method. This will permit us to generate the Pareto front and the position of the NATO countries with respect to it.



Although no previous work has sought a solution to this kind of problem using a multiobjective perspective, this study could be framed partially as a budget assignation problem [16,17,18] addressed from a sustainability perspective [19]. The proposed model shows the effects of budget assignations (e.g., for education, healthcare, R&D, and taxes) on a country’s MEs, human development, and security. The findings will facilitate decision makers’ support of public policies that promote the efficient distribution of resources.



The rest of the paper is structured as follows. In Section 2, the data collected are described and the variables selected for the analysis are defined. Section 3 contains a description of the methodology. Results are detailed in Section 4 and conclusions are presented in Section 5.




2. Database and Variable Description


2.1. Data Set


We built a database with data from several official sources, due to differences in variable characteristics and to ensure the standardization, acceptance, and reliability of the study results. The dataset includes annual information applied to a balanced panel from NATO, with a set of three dependent variables and seven independent variables (Table 1), over the study period 2008–2016 (This is the last year with available data for all variables). We used data from 27 of the 29 countries covered by the NATO dataset (excluding Luxemburg and Montenegro due to missing data) for our analysis. The Stockholm International Peace Research Institute (Source: https://www.sipri.org/databases/milex), established in 1966, is the source for countries’ ME data. We also included data from the United Nations Development Programme (UNDP (Source: http://hdr.undp.org/en/data)), created in 1965; this organization determines HDIs, which are summary measures of average achievement in key dimensions of human development: people’s ability to live long healthy lives, be knowledgeable, and have a decent standard of living. The available data cover 2000–2016, but we focused on the study period of 2008–2016. We obtained information on GPIs (Source: http://visionofhumanity.org/indexes/global-peace-index/), representing the security sector, from the Institute for Economics and Peace, founded in 2007. The main source of data for most of the explanatory variables was the World Bank Group (Source: https://databank.worldbank.org/source/world-development-indicators), founded in 1944, as it provides a complete dataset that is well-accepted worldwide. We obtained information on public debt from the International Monetary Fund (Source: https://www.imf.org/en/About), founded in 1945.




2.2. Variables


The continuous variables included in the econometric and multiobjective analyses are summarized in Table 1. The three objective functions considered in this analysis are MEs, the HDI, and the GPI, for 27 countries from the NATO dataset (Albania, Belgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia, France, Germany, Greece, Hungary, Iceland, Italy, Latvia, Lithuania, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Turkey, the United Kingdom, and the United States).



MEs include usual and capital costs related to (i) the armed forces, including peace-keeping forces; (ii) defense ministries and other government agencies engaged in defense projects; (iii) paramilitary forces provided for military operations; and (iv) military space activities. These costs include all labor expenditures for current military and civilian personnel and expenditures for retirees’ pensions and social services, operations and maintenance, procurement, military research and development, military infrastructure (including construction), and military aid.



The HDI is the main tool used to measure well-being and development among countries. According to the UNDP, it was introduced in 1990 to provide a novel perspective for the improvement of humanity’s well-being. It aims to aid the expansion of human wealth, instead of economic wealth alone. It focuses on people and their opportunities and decisions, summarizing three key dimensions: a long and healthy life, acquirement of knowledge, and the capacity to achieve a decent level of lifestyle. Therefore, HDI is the geometric mean of the normalized indices for each of the three dimensions [20].



The GPI measures the relative peacefulness of the world’s nation states and ranks countries according to their level of peace, defined as the absence of violence. The GPI is determined using information from three areas of peace: active national or international conflict, security and protection of society, and national militarization. Lower GPIs indicate better internal and external conditions for countries. The GPI is the newest index, available since 2008; however, it has already been used in works where safety, security, and socio-economic factors inside of countries are investigated [21,22].



Summary statistics for the model variables are provided in Table 2. According to the obtained statistics, the Pearson’s correlation coefficient suggests that the HDI and LGDP have the most representative averages. Public debt and R&D costs, both measured as percentages of GDP, and MEs have the least representative averages, implying greater dispersion between variable values. Furthermore, variable ranges differ markedly, although MEs, the HDI, and GPI show less variation. Finally, the variables show marked asymmetry, in particular positive asymmetry, meaning that values to the right of the average are more separated. This might mean that efficient solutions would tend to reach their maximum values when finding the Pareto front for the multiobjective model.





3. Methodology


The aim of this multiobjective problem is to identify efficient and admissible behaviors for all countries that maximize the HDI and minimize MEs and the GPI. To obtain as much information as possible from the analyzed variables, we applied a panel data model with fixed effects to determine the objectives and constraints. The model constraints are mortality (deaths/1000 inhabitants), health expenditures (%GDP), education expenditures (%GDP), LGDP, collected taxes (%GDP), public debt (%GDP), and research and development expenditures (%GDP). Once the equations are estimated, the multiobjective problem is designed and solved to obtain the Pareto front, thereby determining the best budget distribution that optimizes the results for each country.



3.1. Estimating the Objective Functions


For each objective function, three panel data models were applied. Previous works [10,23,24,25,26] have used this technique for econometric analyses to determine the relationships between MEs and variables related to economic growth, development, and well-being. In panel data models, dependent variables,       y   k  i , t   ,   can be expressed as functions of the characteristics of a given country at every moment, collected in the vector,    x j  i , t    . Under the assumptions of linearity, homoscedasticity, and absence of temporal and spatial correlation in the random noise, the models can be expressed as follows:


   y k  it   =   ∑   j = 1  7   a  kj    x j  it        +   α   k     + μ   k  it        μ   k  it   ~    i  . e . , d .  (  0 ,      σ   2   )  ,    Cov     (   μ k   it      ,  μ k   js       )  = 0   ∀ i ≠ j ,    t  ≠ s  



(1)




where  i  denotes the country and  t  represents the year under study. Dependent variables are    y 1  =  ME     (  k = 1  )   ;    y 2  =  HDI     (  k = 2  )  ,   and    y 3  =  GPI     (  k = 3  )   . Then,    a  kj     represents the coefficient given by the econometric estimation for each explicative variable,        x   j  it     (Table 3), with notation    x 1  ,      x   2  ,      x   3  ,      x   4  ,      x   5  ,      x   6       and   x   7   . Additionally, the equation considers an idiosyncratic component,    α k   , and the variable    μ k  it     is included to retain random noise, assuming that the noise is independent and equally distributed (i.e., d) with null mean and constant variance.



In this problem, the idiosyncratic component is considered to be a constant parameter estimated as a different interceptor for each variable. The Hausman test was applied to define the application of fixed and random effects. The null hypothesis of random effects was not supported in any case, justifying the use of fixed effects models. Random effects models would have been more appropriate with a larger sample of countries; in this case, the appropriate estimation method is the ordinary least-squares method with a single dummy variable, or a fixed effects model. Model estimation was performed using the econometric software PcGive (OxMetrics) [27]. To obtain efficient parameter estimates in all cases, identified problems related to autocorrelation and heteroscedasticity were rectified. Table 3 shows the results of model regression.



According to the p values obtained for the t statistic, the variables most relevant to MEs are LGDP, health expenditures, and R&D costs. The R&D cost variable is also the most important for the HDI and GPI. Analysis of the influence of each explicative variable reveals that R&D costs contribute to the improvement of all objective variables; the estimated values for this variable are negative for MEs and the GPI, which are to be minimized, and positive for the HDI, which is to be maximized. The public debt and collected taxes variables behave similarly. The negative values estimated for the mortality variable implies that its reduction would confer, for instance, an increase in the HDI, ceteris paribus. Given its estimated values, the education expenditure variable helps to improve the HDI and GPI, but not MEs. Finally, the values estimated for LGDP and health expenditures are positive for all of the objective variables.



The goodness of fit of the estimated models, measured by the coefficient of determination, shows that the model with the greatest explicative capacity is that estimated for the HDI (   R 2  ≈ 0.7  ).




3.2. Estimating the Constraint


Equations for the constraints were estimated using the fixed-effects panel data model (Table 4).



With the aim of making behaviors feasible for the countries, the constraint estimations were evaluated with the whole dataset, with the establishment of two constraints where the value of the right hand sides are calculated by evaluating the estimates, in all countries. From them we choose the lowest and highest value, which were used for both restrictions. In addition to these constraints, we must include one that establishes that health expenditures are equal to or exceed education expenditures. Corresponding bounds were calculated, taking the maximum and minimum values (Table 2) of each variable into account.




3.3. Designing the Multiobjective Model


As mentioned, the results of the analysis and econometric estimations were used to define the multiobjective model for optimization of the objective functions [MEs (f1), HDI (f2) and GPI (f3)]. The expression of these objective functions depends on the other variables, with the goal of identifying efficient behavior that maximizes development, well-being, and security benefits with the lowest possible MEs. The set of constraints and bounds included in the model will reveal significant relationships between variables, based on feasible behaviors of countries.



Formally, the multiobjective model can be expressed as:


  {      Min   ME  = Min  y 1  =    ∑   i = 1  7    a  i 1    x i  +  b 1         Max   HDI  = Max  y 2  =    ∑   i = 1  7    a  i 2    x i  +  b 2         Min   GPI  = Min  y 3  =    ∑   i = 1  7    a  i 3    x i  +  b 3        s t :    {       L i  i n f   ≤    ∑  r    c  i r    x r  ≤  L i  s u p   ; ∀ i ∈  {  1 , 2 , … 7  }         N i  M i n   ≤  x i  ≤  N i  M a x   ;   ∀ i ∈  {  1 , 2 , … 7  }         x i  ≥ 0   ∀ i ;    y 1  ≥ 0 ,   0 ≤  y 2  ≤ 1 ,    y 3  ≥ 1                



(2)




where    a  i j     is the coefficient for equation    y j   , with respect to    x i    ∀ i , j   (Table 3);     b j    is the constant for the equation,    y j    ∀ j   (Table 3);     c i    is the coefficient for constraint definition (Table 4);     L i  i n f    and     L i  s u p     are the lower and upper bounds for the constraints; and    N i  M i n      and     N i  M a x      are   the    lower and upper bounds for the decision variables.



For estimation of the Pareto front, exact optimization is used with an iterative procedure based on a combination of traditional multiobjective programming techniques (weighting and augmented-constrained methods) in MATLAB 2018b [28]. More than 20,000 problems are solved to generate a cloud of points in the objective space. Then, this set is filtered to obtain efficient solutions and identify decision variable values associated with them. Figure 1 shows the Pareto front.



Additionally, the payoff matrix is obtained for the problem; the ranges of variation for the objective functions are provided in Table 5.



Analysis of the Pareto front dataset reveals a coherent, valid, and significant range of variation for the objective function values. In contrast, the decision variable values show low density in some relevant areas, in terms of reference values used by countries to identify efficient behaviors. Thus, we considered the use of the ε- Pareto front concept [29,30]: starting from the previous Pareto front, the boundaries of decision variables with lower densities are scanned. For inclusion in the ε- Pareto front, a particular point must have a distance from any other point on the Pareto front that is <5% of the value of the objective function. Application of this approach yields greater variability of the decision variable values, with behaviors very close to efficiency (Figure 2).





4. Discussion of Results


Table 6 and Table 7 provide further information about the ε-Pareto front and ε-efficient frontier, namely, the maximum and minimum values defining the ε-Pareto front and the boundaries defining the set of decision variables corresponding to the efficient solution, respectively. Note that the proposed model generates a complete efficient frontier for a problem with multiple objectives without any a priori information. Therefore, if one desired to obtain a particular solution, this would depend on the decision maker’s preferences. Moreover, despite that one could increase the number of objectives to analyze in this study, that approach would make us lose the graphical image of the ε-Pareto front.



The limits for the objective functions on the ε-Pareto front (Table 6) and corresponding observed values in the countries during the study period (Table 3) are compared in Figure 3.



The ranges of objective function variation obtained by multiobjective programming are narrower than those of the observed values (Figure 3). The maximum ME and GPI values should be lower than the observed (2.77 and 1.51, respectively), and the maximum HDI value should be slightly higher than the observed, which is 1. In some years, some countries (e.g., Norway, Germany, Iceland, the Netherlands, Denmark, and Canada) fall very close to the ε-Pareto front, but are not the Pareto front (Figure 4).



Minimum ME values approach the ε-Pareto front, differing only by 0.01. The minimum HDI value (0.71) is less than the ε-Pareto front (0.89), suggesting that countries with lower values might increase their HDIs. The minimum GPI value (1.10) is greater than the ε-Pareto front (1.0), suggesting that countries might improve conditions by reducing their GPIs (Figure 3).



These results indicate that the ME values of the efficient solutions promote a relief over the budget of the state, as it demands less use of resources for the military sector and allocation of liberated resources to other sectors. In case of the HDI, its narrowed variation range implies a reduction in differences in the level of human development among countries. For the GPI, the narrow range shows the possibility of reducing the dispersion of countries’ peace conditions.



The ranges of values for ε-efficient solutions (Table 6) and corresponding observed values for countries included in the analysis are compared in Figure 5.



Figure 5 shows the lack of homogeneity between the behaviors of the ε-efficient solutions and the sample values. Mortality and GDP-related variables show the same ranges of variation. Other variation ranges are narrower for the ε-efficient solutions than observed; observed and frontier values for education expenditures, taxes, and R&D costs are the largest.



Now, we analyze the solutions of the ε-Pareto front, after sorting and dividing them into three groups according to the MEs (as a percentage of the GDP): the lower third (MEs of 0.01 to 0.92; group 1), the middle third (MEs of 0.92 to 1.84; group 2) and the upper third (MEs of 1.84 to 2.77; group 3). Of 20,152 solutions, 12,399 are assigned to group 1, 4883 are assigned to group 2, and 2870 are assigned to group 3. This distribution agrees with the shape of the ε-Pareto front, whose density is more relevant for lower and medium ME values, with lower density of the largest values. The aim of this analysis is to visualize the behaviors of the objective functions (Figure 6) and decision variables (Figure 7).



Group 1 provides the best ME solution. The GPI shows a good range for peace conditions, but the best level of human development is not achieved. For these objective function values, the values obtained for the education expenditures, R&D, collected taxes, and public debt decision variables vary along the range of the ε-efficient frontier. The GDP and health expenditure variables have variation ranges that exclude some upper values.



In group 2, better HDI results might be obtained at the expense of the GPI, relative to group 1. Nevertheless, the variation ranges for decision variables that determine these objective function values are maintained, except those for health expenditures and the GDP.



For group 3, the GPI range is nearly all-inclusive, including the worst peace conditions, whereas the HDI range reflects better human development, excluding the worst values. The decision variables show behavior similar to that observed in the other groups, with all variables maintaining their ranges of variation except healthcare expenditures and GDP, which are shifted upward.



To provide coherence with these analytical findings, a similar analysis was performed for the GPI. It yielded similar results, with ε-efficient frontier ranges coinciding with the previous analyzed case, except for healthcare expenditures and the GDP, which move upward as the GPI increases. Finally, the HDI does not vary significantly among groups, whereas ME values are the worst, with the exclusion of the best values as the GPI increases.



In comparison to what has been previously studied, one of the main contributions of this work is to provide an ε-Pareto front that represents the tendency that the NATO countries should follow with the aim of improving the objectives considered.



Figure 8 suggests a direction of improvement, starting from the current performance of each country, and several changes should be made in order to get closer to the efficient nearest solution. The figure represents how much each country could be improved, in percentage, for every objective if they reach the ε-efficient closest solution. For instance, in the case of Turkey, its ε-efficient closest solution shows a minimum increase in ME, whereas it needs to improve by around 20% for the HDI objective and around 45% for the GPI objective. In this context, observe the situation of countries such as Denmark and Norway, whose changes are, almost, insignificant to reach their ε-efficient closest solution. Hence, the improvement would be minimum in these countries, as they are already close to the ε-Pareto front (see Figure 4).




5. Conclusions


In this work, one may find the answer to the key questions described in Section 1. In this line, we deduce that if ME increases, then HDI and GPI increase within the range analyzed in the text. Nevertheless, one should take into consideration that a larger value of GPI implies lower peace conditions in the country. This situation represents the compensation that exists when the decision maker must select a possible solution with an ME level which will allow one to achieve or maintain the desired levels of HDI and peace conditions. In particular, this work introduces a multiobjective programming approach to the study of relationships among MEs, human development, and security, considered as objective functions in conflict to be analyzed simultaneously to identify efficient behaviors for optimization. Its intent is to offer a novel contribution to the debate about the management of budget assignments, formulated based on public policies and inspired by the search of efficiency among the objective functions considered.



In relation to the influence of the variables in the objectives, the analysis revealed that LGDP, healthcare costs, and R&D investment are relevant to MEs, and that the latter is the most important variable for the HDI and GPI. Education expenditures also contribute positively to the HDI and GPI.



The ε-Pareto front establishes the efficient behavior to achieve. It was also determined, to—maintaining values close to efficiency—obtain relevant variability for the decision variables. The results show that MEs, the GPI, and the HDI can be optimized; in particular, values from Norway, Germany, Iceland, the Netherlands, Denmark, and Canada approach or align with the generated ε-Pareto front, while others are found further.



Finally, as a future line of research, setting some aspiration levels for the different countries would define an efficient solution, or an efficient and reduced Pareto-front, according to such levels.



Additionally, the results show wide variability of the decision variables needed to obtain efficiency in the objective, which allows for the formulation of budget policies according to each country’s resources. Nevertheless, the solutions to our problem promote high levels of spending on education, R&D, and healthcare, and the collection of large tax amounts, to achieve the desired goals.
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Figure 1. Pareto front generated considering the objectives for MEs, the HDI, and the GPI for the NATO countries included in this study. 
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Figure 2. ε-Pareto front. 
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Figure 3. Comparison of objective function variation ranges between the modeled ε-Pareto front and observed values from the dataset. 
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Figure 4. Situations of a subset of countries with respect to the ε-Pareto front. 
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Figure 5. Comparison of ε-efficient solution variation ranges and observed values from the dataset. 
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Figure 6. Ranges of the objective functions by groups of the ε-Pareto front, defined by MEs. 
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Figure 7. Range of ε-efficient frontier by groups defined by MEs. 
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Figure 8. Situation of the countries with respect to their ε-efficient closest solution. 
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Table 1. Decision variables of the problem.






Table 1. Decision variables of the problem.





	Sector
	Variable
	Notation
	Description





	Military
	Military expenditure
	y1
	Resources invested in military expenditure by a country (%GDP).



	Human Development
	Human Development Index (HDI)
	y2
	Measurement of the average achievement in three key dimensions of human development.



	Security
	Global Peace Index (GPI)
	y3
	Measurement of the negative peace level of a country.



	Health
	Mortality rate
	x1
	Number of deaths per 1000 inhabitants, estimated in the middle of each year.



	Health
	Health expenditure
	x2
	Resources invested in health by a country (%GDP).



	Education
	Education expenditure
	x3
	Resources invested in education by a country (%GDP).



	Economic
	LGDP
	x4
	Natural logarithm for the aggregated gross value of the homebased producers and the taxes on the products, subtracting those subventions not included in the value of the product. (To avoid heteroscedastic problems in the estimated models we use Ln (GDP) instead of GDP)



	Economic
	Collected taxes
	x5
	Resources raised by a country from taxes (%GDP).



	Economic
	Public Debt
	x6
	Resources owed by a country (%GDP).



	Development/Education
	R&D cost
	x7
	Resources invested in research and development by a country (%GDP).
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Table 2. Statistical description.






Table 2. Statistical description.





	Variable
	Notation
	Average
	SD
	CV (CV Denotes Coefficient of Variation)
	Min
	Max
	Skewness





	Military expenditure (ME) (%GDP)
	    y 1    
	1.5494
	0.7198
	0.46
	0.0000
	4.6570
	1.5256



	Human Development Index (HDI)
	    y 2    
	0.8624
	0.0503
	0.06
	0.7140
	0.9510
	0.47388



	Global Peace Index (GPI)
	    y 3    
	1.6678
	0.2916
	0.17
	1.0990
	2.7140
	0.88470



	Mortality
	    x 1    
	9.9809
	2.3241
	0.23
	5.8140
	15.3000
	0.38076



	Health expenditure (%GDP)
	    x 2    
	8.4461
	2.3968
	0.28
	4.1385
	17.0734
	1.0869



	Education expenditure (%GDP)
	    x 3    
	5.1912
	1.0529
	0.20
	2.8000
	7.4000
	0.094896



	LGDP
	    x 4    
	26.3574
	1.8360
	0.07
	23.133
	30.463
	0.10853



	Collected taxes (%GDP)
	    x 5    
	19.1671
	5.5955
	0.29
	7.9196
	37.7529
	0.46091



	Public Debt (%GDP)
	    x 6    
	65.6819
	35.3557
	0.54
	4.4870
	183.453
	0.80344



	R&D cost (%GDP)
	    x 7    
	1.4772
	0.7531
	0.51
	0.3825
	3.1704
	0.41486
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Table 3. Determinants of MEs, the HDI, and the GPI for NATO countries (fixed effects panel data model, 2008–2016).
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	Variable
	Notation
	ME (SD)
	HDI
	GPI





	Mortality
	    x 1    
	−0.003961

(0.042)
	−0.000349

(0.002)
	−0.015672

(0.022)



	Health expenditure (%GDP)
	    x 2    
	0.207197 **

(0.094)
	0.003598

(0.004)
	0.015668

(0.048)



	Education expenditure (%GDP)
	    x 3    
	0.042206

(0.111)
	0.005010

(0.005)
	−0.026371

(0.050)



	LGDP
	    x 4    
	0.152166 **

(0.072)
	0.005149

(0.003)
	0.059264

(0.037)



	Collected taxes (%GDP)
	    x 5    
	−0.004669

(0.018)
	0.001826

(0.001)
	−0.009082

(0.007)



	Public Debt (%GDP)
	    x 6    
	−0.003122

(0.003)
	0.000005

(0.0001)
	−0.000446

(0.001)



	R&D cost (%GDP)
	    x 7    
	−0.61 ***

(0.188)
	0.031807 ***

(0.008)
	−0.200546 ***

(0.074)



	Constant
	
	−3.195310 *

(1.915)
	0.591451 ***

(0.094)
	0.763754

(0.821)



	R2
	
	0.4207764
	0.7004555
	0.3726441



	Number of countries
	
	27
	27
	27



	Number of observations
	
	243
	243
	243



	Number of observations for each country
	
	9
	9
	9







*** significant at 1%, ** at 5%, * at 10%. Standard errors are shown in parentheses.
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Table 4. Estimated parameters for the constraint of the multiobjective model.
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	Constraint
	     x 1     
	      x  2     
	     x 3     
	     x 4     
	     x 5     
	     x 6     
	     x 7     
	Constant





	Mortality
	1.000
	−0.299
	0.368
	0.314
	−0.119
	0.018
	1.238
	−18.433



	Health expenditure (%GDP)
	−0.109
	1.000
	−0.232
	−0.435
	0.053
	−0.019
	−1.741
	8.147



	Education expenditure (%GDP)
	0.042
	−0.062
	1.000
	0.284
	−0.039
	-
	−0.815
	−10.507



	LGDP
	0.125
	−0.454
	0.739
	1.000
	-
	-
	−0.449
	−26.882



	Collected taxes (%GDP)
	−0.702
	0.924
	−1.927
	-
	1.000
	−0.051
	−2.533
	−8.855



	Public Debt (%GDP)
	3.666
	−11.311
	4.682
	-
	−1.790
	1.000
	21.739
	15.982



	R&D cost (%GDP)
	0.049
	−0.191
	−0.220
	−0.060
	−0.018
	0.005
	-
	2.384







The significance level was set to p < 0.15.
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Table 5. Payoff matrix.
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	Objectives
	Minimum
	Maximum





	ME
	0.014
	2.726



	HDI
	0.944
	1



	PGI
	1
	1.506
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Table 6. Limits of the ε-Pareto front for the objective functions applied to NATO data from 27 countries.
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	Variable
	Notation
	Min
	Max





	Military expenditure (ME)
	    y 1    
	0.014
	2.774



	Human Development Index (HDI)
	    y 2    
	0.895
	1.000



	Global Peace Index (GPI)
	    y 3    
	1.000
	1.512
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Table 7. Limits of the ε-efficient frontier.
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	Variable
	Notation
	Min
	Max





	Mortality
	    x 1    
	5.814
	15.300



	Health expenditure (%GDP)
	    x 2    
	4.747
	16.658



	Education expenditure (%GDP)
	    x 3    
	5.315
	7.400



	LGDP
	    x 4    
	23.133
	30.463



	Collected taxes (%GDP)
	    x 5    
	19.704
	37.753



	Public Debt (%GDP)
	    x 6    
	4.487
	118.08



	R&D cost (%GDP)
	    x 7    
	2.277
	3.170
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