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Abstract 

The main aim of this work is to analyze the impact of the National Minimum Wage (NMW) on 

wealth redistribution in Spain during the 2001-2021 period. This research addresses a 

fundamental question: Does increasing the minimum wage effectively reduce income 

inequality and contribute to a more equitable wealth distribution without negatively 

impacting overall economic growth and employment? Using a complete statistical census 

provided by the Spanish Tax Administration Agency, this study examines how the increase in 

the NMW—which rose from €505.7/month (2001) to €1,108.3/month (2021)—affected 

income inequality and other macroeconomic indicators. A distinctive feature of this research 

is the use of a complete national census database, not a sample or projection, which provides 

more accurate results and more efficient predictive models that reflect the studied population. 

Through various machine learning models, it is demonstrated that income inequality has been 

reduced by raising the minimum wage. Contrary to the predictions of previous economic 

analyses, the increase in the minimum wage has not led to inflation or increased 

unemployment. On the contrary, it has been consistent with increased net employment, 

contained prices, and increased corporate profit margins. The main conclusion is that the 

increase in the minimum wage during the analyzed period has contributed to an effective 

redistribution of wealth, simultaneously increasing the country’s prosperity, employment, 

and business profits under the analyzed conditions. 
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1. Introduction 

1.1 Minimum Wages and Wealth Redistribution: A Review of Evidence from the United States and 

Europe 

The empirical literature on the effects of minimum wages on income redistribution has evolved 

considerably in recent decades, with different methodological approaches emerging in the United 

States and Europe. These different research traditions reflect data availability constraints and 

fundamental differences in labor market institutions across regions. In the United States, studies 

mainly rely on the Current Population Survey (CPS), a monthly household survey of about 60,000 

households. The CPS provides researchers with consistent longitudinal wage and employment data. 

However, it remains subject to potential reporting errors and measurement challenges in the lower 

tail of the wage distribution, where minimum wage effects are concentrated. U.S. researchers have 

developed increasingly sophisticated econometric techniques to address these limitations, 

progressing from [1] state-level variation approach, which attributed approximately 70% of lower-

half inequality growth to minimum wage declines [2] semiparametric counterfactual distributions 

[3] instrumental variables corrections for measurement error, and most recently [4] bunching 

estimator methodology tracking the entire distribution of jobs around minimum wage increases. 

These methodological refinements have moderated earlier conclusions, estimating that minimum 

wages explain 30-40% of lower-tail inequality growth—substantial but more conservative than 

previous findings [3]. Perhaps most notably analysis of 138 state-level minimum wage changes 

found increases in low-wage workers’ earnings without corresponding employment reductions, 

challenging conventional theoretical predictions [4]. European research takes a markedly different 

approach, using primarily the European Structure of Earnings Survey (ESES), a four-year survey of 

enterprises in EU Member States. Unlike the CPS, the ESES collects wage information directly from 

employers rather than households, potentially offering greater accuracy but with less frequent 

observations. European minimum wage systems exhibit considerable institutional heterogeneity, 

ranging from statutory national minimum wages to sectoral minimum wages set through collective 

bargaining. Consequently, European studies emphasize comparative institutional analysis rather 

than quasi-experimental designs, employing variance decomposition techniques and institutional 

indicators to assess how different minimum wage systems affect earnings inequality [5]. These 

different methodologies have produced contrasting but complementary findings. While US studies 

use within-country variation to identify causal effects, European research highlights how 

institutional design features - including enforcement mechanisms, coverage rates, and interactions 

with collective bargaining - critically determine the effectiveness of minimum wages. European 

evidence suggests that statutory minimum wages reduce inequality more effectively than collective 

bargaining systems when bargaining coverage is incomplete. At the same time, compliance 

problems significantly undermine potential redistributive effects, particularly in Eastern European 

countries. Despite methodological differences, both research traditions show that minimum wages 
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compress wage distributions, mainly affecting the lower half of the distribution, with the strongest 

effects between the 10th and 30th percentiles. The evidence also suggests that moderate increases 

in the minimum wage can reduce inequality without necessarily causing substantial employment 

losses. However, the precise mechanisms and magnitudes vary according to the institutional 

context. This developing understanding of the effects of minimum wages highlights the need for 

further methodological improvements. It suggests that future research should further explore the 

interplay between minimum wages and broader policy settings, heterogeneous effects across 

groups of workers, and long-term effects on economic mobility. 

1.2 The Multidimensional Effects of Minimum Wage on Labor Markets and Prices 

This subsection analyzes six relevant studies that examine minimum wage effects in the United 

States, Europe, and other contexts. In the American context, it’s shown that a theoretical analysis 

of firms’ adjustment mechanisms in response to minimum wage increases highlights the importance 

of non-employment margins [6]. This analysis suggests that firms implement heterogeneous 

responses including price adjustments, productivity, and internal organization, often avoiding direct 

personnel reductions. Using data from the Current Population Survey (CPS) to identify those 

benefiting from rising wages, the report concludes that low- and middle-income workers stand to 

gain the most [7]. In contrast, [8], using a rotating CPS panel (1979-1997), argues that positive wage 

effects are partially counteracted by adverse employment effects for low-income workers. 

Complementarily, macroeconomic time series have been analyzed to examine the impact on 

inflation, and moderate effects on prices and other key macroeconomic variables have been found 

[9]. 

The European perspective is represented by [10], who use German administrative records from 

the Institute for Employment Research (IAB) to analyze labor reallocation effects after implementing 

the national minimum wage in Germany. Their difference-in-differences methodology reveals that, 

rather than net employment reduction, significant reallocation of workers occurred between firms 

and sectors, with complex distributional consequences. 

Outside the Western context, [11] apply cointegration and causality techniques to the Turkish 

macroeconomic time series (1988-2013), identifying significant effects on unemployment, inflation, 

and economic growth in a middle-income country with distinctive institutional characteristics. 

A relevant methodological aspect concerns the type of databases used. American studies often 

rely on surveys such as the CPS, but use its rotating structure to generate a limited panel. European 

research, on the other hand, makes use of comprehensive longitudinal administrative records, 

which allow precise tracking of individual work histories and firm responses. Analyzed studies 

employ aggregate time series that function as panels at the national level [9, 11]. 

1.2.1 Convergences and Divergences in Empirical Evidence on Minimum Wage Effects 

The reviewed literature presents both significant convergences and divergences. Among the 

similarities, recognizing heterogeneous minimum wage effects according to worker characteristics, 

firms, and economic sectors stands out [7, 8, 10]. Likewise, multiple investigations coincide on the 

importance of non-employment adjustments, such as price modifications, productivity, and 

business reorganization. Macroeconomic studies agree on complex effects on inflation and 

economic growth. However, specific nuances depend on the national context. 
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The most notable divergences manifest in conclusions about employment effects. While [8] and 

[11] identify negative impacts for low-income workers, [10] emphasize reallocation effects rather 

than net job losses. Similarly, there are discrepancies regarding the distribution of benefits. [7] 

highlight substantial gains for low and middle-income workers, while [8] warn about negative 

compensations via employment reduction. Regarding price effects, [9] finds moderate inflationary 

increases in the United States, while [11] documents more pronounced effects in the Turkish 

context. 

The analyzed evidence suggests that minimum wage effects are highly contextual, depending on 

the established level, labor market institutions, and general economic conditions. American studies 

focus on distributive and employment impacts at the microeconomic level, while European and 

Turkish research emphasizes reallocation processes and macroeconomic consequences. 

Methodologically, analyses based on longitudinal administrative data, such as the German study 

[10], offer particularly valuable perspectives by allowing detailed tracking of individual labor 

trajectories and business responses over time. 

In the Spanish context, it is been provided insights using longitudinal administrative microdata 

from Spanish Social Security records, which constitute a comprehensive panel dataset tracking 

individual workers over time (MCVL - Portal Estadisticas - Seguridad Social, n.d.). Their analysis of 

the 2017 minimum wage increase forecasts heterogeneous employment effects across age groups, 

with the most pronounced negative impacts concentrated among younger workers (under 25) and 

older workers (over 45). Their difference-in-differences methodology projects that directly affected 

workers face a 0.6-1.1 percentage point higher probability of job loss than similar unaffected 

workers. This granular panel data approach enables precise identification of vulnerable 

demographic segments within the labor market while controlling for individual fixed effects [12]. 

1.3 Leveraging Official Census Statistical Data: A Comparative Analysis with the Present Study 

1.3.1 Methodological Approaches to Administrative Data 

The use of comprehensive administrative datasets is increasingly recognized as a methodological 

cornerstone in contemporary economic research on minimum wage effects and wealth 

redistribution. This section examines two notable European studies that use official census data 

comparable to the Spanish analysis presented in this paper. 

[13] based their analysis on Estonian Tax and Customs Board administrative records, which can 

be characterized as a complete statistical census of the Estonian workforce. These data are derived 

from monthly employers’ tax declarations combined with individual tax records, providing 

exhaustive earnings coverage for all formal employment arrangements from 2001 to 2014. The 

temporal coverage of the Estonian dataset includes several minimum wage adjustments, allowing 

a detailed examination of changes in the wage distribution over different economic cycles. Notably, 

these administrative records were processed individually, allowing researchers to control for 

compositional changes in the labor force, a methodological advantage not available in aggregate 

datasets. 

Similarly, [14] employed comprehensive French administrative tax records to analyze 

predistribution versus redistribution policies. These official data sources included complete income 

tax declarations with granular information on diverse income streams (labor, capital, transfers), 

enabling sophisticated analysis of pre-tax and post-tax inequality measures. A distinctive feature of 
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the French dataset was its complete coverage of the entire income distribution spectrum, including 

high-income households, which are often under-represented in survey-based studies. The 

administrative nature of these data allowed precise tracking of income changes in different 

segments of the population over long periods. 

The present Spanish study similarly relies on comprehensive administrative tax records from the 

Spanish Tax Administration Agency (AEAT), constituting a complete census of all employees in Spain 

from 2001 to 2021. 

1.3.2 Comparative Analytical Techniques 

Methodological differences among these studies merit detailed examination. [13] implemented 

counterfactual distribution analysis to isolate minimum wage effects from other factors influencing 

wage inequality. Their approach involved decomposing wage distribution changes into three 

components: minimum wage effects, compositional changes, and residual factors. Statistical 

significance was established through bootstrap procedures, and robustness was confirmed through 

alternative specification testing. The Estonian researchers focused primarily on distributional 

consequences rather than employment effects, differentiating their approach from many other 

minimum wage studies. 

[14] employed distributional national accounts methodologies pioneered by Piketty et al., 

integrating tax data with national accounts to ensure comprehensive income coverage. Their 

analytical framework was designed to distinguish between predistributive factors (affecting pre-tax 

inequality) and redistributive mechanisms (tax and transfer systems). Concentration indices and 

decomposition techniques were utilized to quantify the relative contributions of different policy 

approaches to overall inequality reduction. Their methodology explicitly addressed the challenge of 

comparing countries with other institutional arrangements by developing standardized measures 

applicable across contexts. 

This work introduces methodological innovations by applying machine learning techniques and 

network analysis not employed in Estonian or French studies. As detailed in the methodology 

section, graph theory was used to analyze the relationships between macroeconomic variables, and 

a Random Forest Regressor was implemented to identify non-linear relationships and variable 

importance in predicting inequality measures. This machine learning approach represents a 

methodological advancement beyond the traditional econometric techniques employed in 

comparative studies. 

1.3.3 Convergent and Divergent Conclusions 

The findings from these studies utilizing official administrative data reveal important similarities 

and notable differences. [13] concluded that minimum wage increases significantly compressed 

wage distribution in Estonia, with benefits primarily accruing workers in the lower three deciles. 

Their evidence revealed positive spillover effects extending to approximately the 20th percentile of 

wage distribution. It was determined that these wage compression effects were achieved without 

detectable negative employment consequences. However, the authors acknowledged potential 

limitations in their ability to identify employment effects given their methodological focus on wage 

distribution. 
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The researchers concluded that minimum wage increases have been found to reduce wage 

inequality in Estonia by raising the wage floor and generating positive spillover effects that extend 

to the 20th percentile of the wage distribution. These effects were observed without any evidence 

of a reduction in employment. 

[14], while adopting a broader focus than exclusively examining minimum wage effects, provided 

crucial insights regarding how labor market institutions influence pre-tax inequality. Their 

comparative analysis demonstrated that France’s interventionist approach to predistribution, 

including relatively high minimum wages and strong collective bargaining institutions, had proven 

more effective at constraining pre-tax inequality than the market-oriented approach observed in 

the United States. The researchers emphasized the limitations of purely redistributive policies if not 

accompanied by pre-distributive measures to address market income inequalities. 

Their main finding was that the contrast between France and the United States suggests that 

predistributive policies may be more effective than redistribution in achieving lower levels of 

income inequality. The divergence in pre-tax income inequality between these countries is primarily 

due to differences in labor market institutions rather than differences in redistributive mechanisms. 

This work is consistent with the above findings, extending them in several dimensions. The 

conclusion that an increase in the minimum wage over the period analyzed has led to an increase 

in the wealth of the nation, fostered a rise in employment and corporate profits, and, given the 

conditions investigated, is proposed as an effective means of redistributing wealth, confirms the 

positive assessment of minimum wage effects presented in both comparative studies. 

In Spain the setting of the national minimum wage (MNW) is essentially a political decision. 

Progressive governments, especially in recent years, have implemented substantial increases. This 

paper examines the impact of MNW policy from 2001 to 2021, during which the MNW will increase 

from €505.7/month (2001) to €1,108.3/month (2021). The distinguishing feature of this study is its 

extraordinary database: comprehensive administrative tax records provided by the Spanish Tax 

Agency (Agencia Tributaria). Unlike previous studies based on surveys or representative samples, 

this database represents a complete census of all employees in Spain. This methodological 

advantage eliminates the problems of sampling error and statistical inference inherent in sample-

based studies, thus significantly increasing the precision and reliability of our conclusions. The 

analyses and results presented here therefore reflect actual labor market dynamics derived from 

the exhaustive Spanish wage census for the period 2001-2021, rather than projections or estimates. 

2. Methods 

2.1 The Database 

The Spanish Tax Administration Agency (Spanish: Agencia Estatal de Administración Tributaria, 

AEAT) is a public institution. It is attached to the Ministry of Economy and Finance through the 

former State Secretariat for Finance and Budget. It handles the application of the tax system under 

the constitutional principle that everyone must contribute to supporting public expenditure 

according to their economic capacity. It prepares the annual tax collection reports, which provide 

information on the amount and yearly evolution of the tax revenues managed by the AEAT. It offers 

a database in Excel format called "Distribucion salarios" in the supplementary material. This 

database collects information on employees in Spain who receive income from a company or entity 

required to provide a list of those receiving such income. This database does not include information 
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on households that pay wages to employees in the household, nor does it reflect the reported wages 

of the self-employed. 

Payments are defined as income, in cash or kind, paid by the reporting unit (company or 

institution) in the form of annual revenue. Employees are included in the database even if they 

worked for only one day. If an employee has worked for more than one company or entity, the 

amount shown is the sum of all payments made to that employee by the different companies from 

which he/she received his/her salary. The information is completely anonymous and is presented 

in intervals of $200, from $0 to $80,000. The last interval is open, with no maximum value specified. 

A total of 400 annual salary levels are presented. Each cell represents the value corresponding to 

each bracket by year (2001-2021). Three variables are analyzed: number of employees, salary, and 

withholding tax. 

2.2 Additional Macroeconomic Data 

This paper analyzes other macroeconomic data regularly published by the National Statistics 

Institute (INE), such as MNW, Consumer Price Index, Unemployment Index, Gross Domestic Product, 

and Public Debt. In no case are the data deflated, as they are all nominal. 

2.3 Calculation of the Gini Index 

The formula used to calculate the Gini index is: 

𝐺 =
𝑥

𝑛2𝑥‾
∑ 𝑖

𝑛

𝑖=1

(𝑥𝑖 − 𝑥‾) 

To calculate the Gini index for a year, the number of registered employees in that year is needed. 

The database provides this information in brackets. The number of employees with a gross annual 

income equal to the interval, the total gross income, and the total income tax withheld are provided 

for each interval (range of $200). The mean is considered to be the distribution value that makes 

the variance zero since the probability distribution of each ith interval is considered to be identically 

distributed. This results in a vector for each interval composed of j values that are identical and 

equal to the mean of that interval. 

𝑉𝑒𝑐𝑡𝑜𝑟 𝑖𝑡ℎ: 𝑛𝑜 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠(𝑗) 𝑥𝑖‾  

Each year vector is a union of all interval vectors of this year. 

2.4 Graph Analysis 

Graph theory was used to analyze the relationships between macroeconomic variables. A graph 

is a collection of nodes (also called vertices) connected by edges (undirected) [15]. The pattern of 

interactions between the nodes (individuals or entities) can be captured through the graph 

structure. The purpose of graph (or network) analysis is the study of relationships between 

individuals to discover knowledge about global and local structures. 

In this paper, the graph nodes are defined as all macroeconomic variables, and the edges are 

defined as moderate or strong correlations between them. The linear correlation between two 
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nodes is represented by 𝑐𝑜𝑟𝑟(𝑖, 𝑗), and the Spearman correlation is defined as moderate or vigorous 

if 𝑐𝑜𝑟𝑟(𝑖, 𝑗) ≥ 0.5 [16] in case of direct correlation. An 𝑒𝑑𝑔𝑒(𝑖, 𝑗) is defined if 𝑎𝑏𝑠(𝑐𝑜𝑟𝑟(𝑖, 𝑗)) ≥ 0.5. 

Detecting communities in networks is one of the most popular topics in modern network science. 

Communities, or clusters, are typically groups of nodes that are more likely to be connected than to 

members of other groups, although different patterns are possible. There are no universal protocols, 

neither for defining a community itself nor for other crucial issues such as validating algorithms and 

comparing their performance. 

The Louvain method hierarchically performs a greedy optimization [17], assigning each vertex to 

the community of its neighbors that yields the highest number and creating a smaller weighted 

network whose vertices are the clusters found previously [18]. Partitions found on this super-

network hence consist of clusters, including the ones found earlier, and represent a higher 

hierarchical level of clustering. Software used: Gephi v 0.10 [19]. 

2.5 Multivariate Linear Regression 

The statistical model is assumed to be 

𝑌 = 𝑋𝛽 + 𝜇 

where 𝜇 𝑁(0, Σ). The ordinary least squares for independent identically distributed errors (MSE). R-

square formula is, 

𝑅2 = 1 −
sum squared regression (SSR)

total sum of squares (SST)
= 1 −

∑(𝑦𝑖 − 𝑦̂)2

∑(𝑦𝑖 − 𝑦‾)2
 

The Durbin-Watson (DW) statistic tests for autocorrelation in the residuals from a statistical 

model or regression analysis. Values from 0 to less than 2 indicate positive autocorrelation and 

values from 2 to 4 indicate negative autocorrelation. 

Durbin-Watson test statistics d is given as, 

𝑑 =
∑ (𝑒𝑖 − 𝑒𝑖−1)2𝑁

𝑖=2

∑ 𝑒𝑖
2𝑁

𝑖=1

 

where 𝑁 is the number of observations and 𝑒𝑖 is the residual for each observation (𝑖). The software 

used is statsmodels packages for Python [20]. 

2.6 Random Forest Regressor 

The Random Forest Regressor (RFR) is an ensemble learning model. It combines the predictions 

of multiple models to produce more accurate results than a single model [21]. A decision tree (DT) 

is a simple model that predicts the outcome by performing a partition based on the predictor (input 

variable) that provides the most significant reduction in mean squared error (MSE). 

𝑀𝑆𝐸 =
1

𝑛
∑ =

𝑛

𝑖

(𝑦𝑖 − 𝑦̂)2 
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Where 𝑦 and 𝑦̂ are the measured and predicted values of the samples in a node, respectively, 

and n is the number of samples in a node. A node that cannot branch further due to a non-

decreasing MSE is called a leaf node, and the average of the samples in that node becomes a 

candidate for prediction. When unseen data is entered into the final DT model, the data moves 

according to predetermined branching criteria. The value of the leaf node where the data finally 

arrives is used as the predicted value of the DT. Scitik-Learn is the machine learning software used 

in Python [22]. 

3. Results 

3.1 Calculation of the Gini Index 

The Gini index of the gross wages received by all workers in the years under study is analyzed 

and called Gross-Gini. A similar analysis called the net Gini, is carried out on net income (gross salary 

minus withholding tax). It shows the effect of income tax progressivity as measured by the 

difference between the two indexes. Table 1 shows the annual results of the database “Distribucion 

salarios” provided by AEAT. The nominal increase in average annual gross earnings was like the 

annual increase in minimum wage. Over the twenty years of the study, they increased by €7,500 

and €7,300, respectively. The minimum yearly wage percentile is calculated concerning gross annual 

income. In most years, more than 30% of workers did not earn the equivalent of the annual 

minimum wage. This is due to a significant level of underemployment. Tourism in Spain is seasonal 

and accounts for more than 13% of the total employed [23]. Seasonality in the agricultural sector in 

Spain accounts for 5% of employment [24]. Over the period under review, the progressivity of 

income tax has remained stable. Income inequality is favored by this progressivity. The difference 

between the calculated Gini indices indicates the reduction in income inequality brought about by 

the progressivity of the tax. 

Table 1 Macroeconomics time series. 

years 
Mean Gross 

Salary 
NMW Percentile Gross-Gini 

Average rate 

of taxation 
Net-Gini 

2001 €13,932.00 €6,068.40 28.4 0.465 14.3% 0.424 

2002 €14,370.00 €6,190.80 28.3 0.462 14.7% 0.421 

2003 €14,963.00 €6,316.80 28.2 0.463 14.0% 0.423 

2004 €15,658.00 €6,447.60 26.5 0.457 14.4% 0.416 

2005 €16,018.00 €7,182.00 29.3 0.462 14.7% 0.422 

2006 €16,849.00 €7,573.20 28.8 0.459 15.1% 0.418 

2007 €18,087.00 €7,988.40 27.0 0.448 15.1% 0.406 

2008 €18,996.00 €8,400.00 27.8 0.453 14.5% 0.411 

2009 €19,085.00 €8,736.00 30.8 0.466 14.8% 0.424 

2010 €19,113.00 €8,866.80 31.0 0.467 15.8% 0.426 

2011 €19,102.00 €8,979.60 32.0 0.469 15.9% 0.428 

2012 €18,601.00 €8,979.60 33.0 0.472 16.6% 0.427 

2013 €18,505.00 €9,034.80 34.3 0.482 16.7% 0.437 

2014 €18,420.00 €9,034.80 34.7 0.483 16.6% 0.439 
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2015 €18,645.00 €9,080.40 34.1 0.483 15.6% 0.440 

2016 €18,835.00 €9,172.80 34.1 0.483 15.3% 0.439 

2017 €19,172.00 €9,908.40 34.6 0.472 15.3% 0.428 

2018 €19,809.00 €10,303.20 33.8 0.465 15.4% 0.419 

2019 €20,566.00 €12,600.00 37.4 0.457 15.3% 0.410 

2020 €20,503.00 €13,299.60 43.1 0.474 16.0% 0.429 

2021 €21,519.00 €13,299.60 38.1 0.458 16.0% 0.412 

Mean Gross Salary. - annual average income per employee. NMW. - National minimum wage 

per year. Percentile. - Annual minimum wage percentile of total gross annual income. Gross-

Gini. - The Gini index is calculated from the vector of all gross incomes per year. Average rate of 

taxation. - Ratio of the total amount withheld to the total annual income. Net-Gini. - The Gini 

index is calculated from the vector of all net incomes (Gross income minus withholdings) per year.   

In the following dataset analysis, we reduce the intervals from 400 to 5. To do this, we will 

increase the intervals from €200 to €20,000. The average withholding tax per interval and its 

evolution are analyzed over the study period in Figure 1. The average withholding rate shows a 

general downward trend more pronounced in the lower average wage brackets. Comparing the 

ratio from 2001 to 2021, the decline is similar in the five three-percentage-point intervals, but the 

impact on net income is much more significant in the range below 20K (from 6.09% in 2001 to 3.64% 

in 2021) than in the range between 60K and 80K (29.31% in 2001 to 25.85% in 2021). 

 

Figure 1 Change in average withholding tax by income ranges. Five intervals of €20,000 

from the database are defined. The lines show the change in the average withhold rate 

over time for each. 
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3.2 Mean Salary Analysis 

The average gross annual salary is calculated for the entire population (Mean Gross Salary) and 

a calculation of the average gross annual salary for the range [$10,000-$80,000] (Mean Gross Salary 

Range) is added, i.e., for each year, wages and employees with gross annual salaries below $10,000 

and above $80,000 are not considered. Both lines are highly correlated with each other, as well as 

with GDP in nominal euros, Figure 2. Two periods of economic growth that significantly increase the 

average wage are characterized: 2001-2008 and 2015-2021. 

 

Figure 2 Evolution of Average Gross Wage vs. GDP. The blue line represents the average 

annual gross salary calculated using only the gross salary range [$10,000-$80,000]. The 

orange dashed line represents the average salary of the total number of employees in 

the database. The values of the bars represent the value of the GDP (€ trillion). The 

green dotted line represents the number of employees by year (tens of millions). 

3.3 Unemployment Analysis 

Figure 3 provides a visual analysis of the intuitive relationship between continuous increases in 

the minimum wage, especially in recent years, and unemployment. It is observed that youth 

unemployment has the highest elasticity for periods of economic crisis. No increase in 

unemployment among workers over 55 years of age is observed to be associated with an increase 

in the minimum wage. The National Statistics Institute (INE) periodically publishes unemployment 

figures. Quarterly figures are used in this case. 
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Figure 3 Unemployment trends by age and minimum wage 2002-2023. The lines 

represent the quarterly value of unemployment according to the age of the worker, as 

collected by the National Statistics Institute (INE). The bars represent the minimum 

wage as defined by the government. 

3.4 Graph Analysis 

The following variables are evaluated. 

● Diff.- The difference between the average gross salary of all employees and the gross salary 

range [10,000-80,000]. 

● Employees. - Number of employees by year. 

● GINI. - Net Wage Gini Index. 

● TAXES. - Withholding tax. 

● GDP. - Gross Domestic Product. 

● UnempRate. - Unemployment Rate. 

● NMW. - National Minimum Wage. 

● Mean Salary. - Mean Gross wage in Range. 

● DEBT. - National Debt. 

The size of the nodes depends on their degree. The higher the degree, the more the variable is 

related to the rest. The linear correlation between two nodes (𝑖, 𝑗) is represented by 𝑐𝑜𝑟𝑟(𝑖, 𝑗). An 

𝑒𝑑𝑔𝑒(𝑖, 𝑗) is defined if 𝑎𝑏𝑠(𝑐𝑜𝑟𝑟(𝑖, 𝑗)) ≥ 0.5. The linear Spearman correlation of each edge is given 

by its value. The color is defined by the two communities found. The interpretation of the graph 

shows that the variables of the same color have a stronger relationship with each other. Taxes and 

GDP are crucial in a relationship with both community variables. GINI is only related to its 

community variables. The results are shown in Figure 4: 

● Modularity: 0.156. 
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● Number of Communities: 2. 

● Average Degree: 4.889. 

● Maximum Nodes Degree: 6 (GPD, TAXES). 

● Minimum Nodes Degree: 3 (GINI). 

● Maximum linear correlation >0.9: (NMW - DEBT), (NMW - Mean Salary), (DEBT - Mean Salary). 

 

Figure 4 Network visualization. Colors represent communities detected in the graph. 

The size of nodes is proportional to their degree. Each edge represents a linear 

Spearman correlation, and the value of the correlation is displayed. 

Diff is the only node with multiple negative correlations (Employees, GDP, and TAXES). It is 

strongly negatively correlated with the number of employees (𝜌 = −0.89). The NMW positively 

correlates with Mean Salary (𝜌 = 0.96). 

3.5 Regression Analysis 

It is convenient to detail the results through an analytical analysis after a visual analysis of the 

study. Three types of regressions are analyzed: a multivariate linear regression, a regression model 

based on machine learning algorithms, and a time series regression model. 

3.5.1 Multiple Linear Regression 

The P-values and coefficients show which of the relationships in your model are statistically 

significant and the nature of those relationships. Whether these relationships are statistically 

significant is indicated by the p-values for the coefficients. Different combinations were examined 

to develop a model that maximizes the R-squared value and eliminates the variables that lack 

statistical significance. The results are shown in Table 2. The GINI index of net salaries was used as 

the dependent variable. The objective is to analyze how the different macroeconomic variables 

studied will affect income inequality in Spain between 2001 and 2021. 
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Table 2 Ordinary Least Squares regression results. 

Variable coeff std error t P>|t| [0.025 0.975] 

const 0.111 0.021 5.37 <0.001 0.066 0.156 

Employees 7.6e-09 9.3e-10 8.19 <0.001 5.6e-9 9.7e-9 

DEBT 8.99e-9 1.6e-9 5.62 <0.001 5.54e-09 1.24e-08 

Mean Salary R 1.03e-05 5.11e-07 20.331 <0.001 9.29e-06 1.15e-05 

Mean Salary -3.5e-06 6.06e-07 -5.818 <0.001 -4.84e-06 -2.22e-06 

GDP -5.08e-08 9.5e-09 -5.357 <0.001 -7.14e-08 -3.04e-08 

Diff 1.39e-05 6.11e-07 22.792 <0.001 1.26e-05 1.52e-05 

ICP 0.0005 0.000 3.385 0.005 0.000 0.001 

TAXES -8.9e-13 1.92e-13 -4.659 <0.001 -1.31e-12 -4.81e-13 

 Dependent Variable  Gini Index   

 R-Squared  0.993   

 Durbin-Watson test  2.103   

Variables meaning: const is the constant term in regression analysis, the value at which the 

regression line crosses the y-axis. Employees is the number of employees by year. DEBT is the 

national debt. Mean Salary R is the Mean gross salary range [$10,000 - $80,000]. Mean Salary 

is the Gross Salary. Diff is the difference between Mean Salary R - Mean Salary. GDP is the Gross 

Domestic Product. ICP is the Index of Consumer Price. TAXES is the total tax withheld during the 

year. Coeff is the coefficient value representing the average change in the response for a change 

of one unit in the predictor variable. t is the t-test statistic—confidence Interval of Coefficients 

for 𝛼 = 0.05.  

3.5.2 Random Forest Regressor 

The preparation of the model run included the following steps: 

1. Define the dependent variable, here the Gini index. 

2. Parameterize the model by minimizing the MSE. 

3. Optimal model implementation. 

The mean square error was 0.0039. The model was optimized. Feature importance refers to a 

class of techniques for assigning scores to input features in a prediction model, indicating the 

relative importance of each feature in making a prediction. Relative scores can be used for 

subsequent analysis, highlighting which features are most relevant to the target. This information 

characterizes the model used to make predictions. Low scores suggest eliminating the variable to 

reduce the dimensionality of the problem. High scores are further analyzed in more detail to be 

predictive of the model. The importance of the feature is shown in Table 3. 
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Table 3 Random Forest Regressor Model feature importance. 

Predictor Importance 

DIFF 0.581 

Employees 0.233 

DEBT 0.085 

Mean Salary Range 0.033 

CPI 0.028 

TAXES 0.019 

GDP 0.014 

Mean Salary 0.006 

Predictor. - Independence variables of Random Forest regressor model, and Gini index as 

dependence variable. Importance. - Value calculated.  

There is a second method of assessing importance in the regressor model called importance by 

permutation. This involves randomly shuffling each feature and calculating how the model performs. 

The features that have the most significant impact on performance are the most important ones. 

The importance of the permutation does not reflect the intrinsic predictive value of a feature per 

se but rather the importance of that feature for a particular model. The result is shown in Figure 5. 

 

Figure 5 Permutation feature importance. The feature importance of the estimators for 

the dataset is calculated by the permutation importance function. The number of times 

a feature is randomly shuffled, and a sample of feature importance is returned. After 10 

repetitions, the results stayed the same. The red dot represents the mean of the 

replicates. The line represents the standard deviation of each value. 

3.6 Mean Salary Difference Explained 

The mean salary was calculated by considering all employees in all groups of the analyzed 

database. The bands below €10,000 and above €80,000 have been excluded from the calculation of 
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the Mean Salary Range. The first band corresponds to employees who did not work the calendar 

year and distorts the average. Similarly, the band above €80,000 is open and includes remarkably 

high salaries, which also distorts the average. For this reason, the variable ’average salary range’ 

corresponds to the average of employees whose gross annual salary is between [10K-80K]. There 

has been a shift in the proportions of employees by rank, particularly since 2016, coinciding with 

more substantial increases in the minimum wage. Over the years, the [20K-40K] range has increased 

from 5.85% (12.51% of gross income) of the population in 2001 to 15.61% (20.96% of gross income) 

in 2021. This is because underemployment (workers who want to work more hours and whose 

contracts do not cover 40 hours a week or all months of the year) exceeds 15% of total employment 

(Brecha de género en el empleo por tipo de empleo y periodo, n.d.). This analysis is shown in Figure 

6. 

 

Figure 6 Ratio of income to employees per band [2001-2016-2022]. The share of 

employees per band for the three years analyzed [2001-2016-2022] is shown in the 

upper part of the graph. The share of the sum of their gross annual income per income 

group is shown in the lower part of the graph. 

Spearman’s linear correlation value between the DIFF variable and GINI was 𝜌 = 0.75, as shown 

in Figure 4. DIFF is the most influential in predicting the Gini Index score. 
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The evolution of the percentile of the minimum wage over the period under study is analyzed 

and presented in Figure 7, together with other macroeconomic variables. A percentile above 40 is 

noticeable. This means that 40% of the wages recorded in the database are paid below the 

Minimum Wage. The evolution of the percentile is related to an increasing minimum wage and the 

evolution of the average gross salary. 

 

Figure 7 Ratio of income to employees per band [2001-2016-2022]. Each year, the 

difference between the average gross salary of all employees and the gross salary range 

[10,000-80,000] is evaluated and represented by the brown line. The National Minimum 

Wage is represented by bars in the figure. The cream line represents the Gini index 

corresponding to the net income values of the employees each year. The blue line 

represents the evolution of the NMW percentile versus the annual gross salary vector. 

4.Discussion 

This paper is based on the statistical analysis of the macroeconomic time series published by 

Spanish government agencies. The Bank of Spain, among others, predicted 2017 that increasing the 

minimum wage would cause unemployment to rise [12]. Experience has shown that none of these 

forecasts have been accurate. Figure 3 shows that raising the minimum salary is compatible with 

creating new jobs. The average wage increases and income inequality becomes fairer. These results 

are consistent with some studies mentioned in the paper. In the United Kingdom (1999-2010), the 

development of wage inequality was examined. The impact on inequality of introducing the 

minimum wage in 1999 was moderate. This can be explained by the fact that the minimum wage 

was introduced at a level that was below the 10th percentile of the earnings distribution [25]. 

However, the specific features of the structure of the Spanish economy must be considered. One 

reason for its impact on reducing income inequality may be that the most recent minimum wage is 

at the 30-40th percentile. 
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Extrapolating these results to other economies, or even to Spain shortly, may be unwise. An 

increase in economic inequality can lead to a lack of trust in governing politicians [26]. In 2022, 

Piketty et al. [14] suggest that policy discussions on inequality should focus on policies that affect 

pre-tax inequality rather than exclusively on tax redistribution. This paper shows that redistribution 

does not change the dynamics of economic inequality. As the minimum wage increases, there is an 

increase in the number of workers in the $20,000-$40,000 range. This tends to reduce income 

inequality and raise the average salary. And this is true for the Spanish economy since the minimum 

wage is far from the level of the leading European economies, such as France or Germany. There is 

a question about how an increase in the minimum wage will hurt the economy. It could be argued 

that as it approaches that of Germany, either productivity increases or economic imbalances could 

arise, which have been widely analyzed. Inequality tends to be pro-cyclical. Low-income households 

and young people tend to be hit harder by recessions. The distribution of labor and capital income 

differs across countries. Therefore, the cyclicality of income inequality may also differ [27]. 

Three different regression models were used. They all confirm that the DIFF variable is the best 

predictor of income inequality. It is particularly noticeable when there is a movement towards 

annual salaries above €20,000, mainly due to the increase in the minimum wage. There is reason to 

believe that the wage structure will follow the same trend as the minimum wage increases, catching 

up with significant economies if the minimum wage percentile is above 20. In addition, income 

inequality will improve. This is measured by a decline in the Gini index. The collection of corporate 

income tax has risen to a record figure of more than 200 billion euros for the first time in 2019 

(Recaudación y Estadísticas del Sistema Tributario Español: Ministerio de Hacienda y Función 

Pública, n.d.). Therefore, there is no evidence of a reduction in corporate profits because of a 

minimum wage increase. 

4.1 Similarities with Study Using Institutional Datasets 

Despite differences in national contexts and methodological approaches, the Estonian, French, 

and Spanish studies show notable convergences in their data structure and conclusions. These 

common findings strengthen the overall evidence base on the impact of minimum wages on income 

inequality and redistribution. The Estonian analysis [13] finds that raising the minimum wage has 

reduced wage inequality by raising the wage floor and generating positive spillover effects. Similarly, 

this paper analysis shows that income inequality has been reduced by raising the minimum wage. 

This convergence challenges classical economic models that predict that market interventions 

necessarily create economic inefficiencies. A second area of convergence concerns the absence of 

significant adverse employment effects. Contrary to traditional economic predictions, neither the 

Estonian nor the Spanish study identified substantive employment reductions following minimum 

wage increases. The third considerable convergence involves recognizing that predistributive 

measures (affecting pre-tax income distribution) can be more effective than purely redistributive 

approaches. Despite these convergences, this work presents several distinctive elements in 

methodology and conclusions and introduces machine learning techniques and network analysis 

not employed in the comparative studies. This computational approach to identifying complex non-

linear relationships represents a methodological innovation beyond traditional econometric 

techniques in Estonian and French studies. Another distinctive feature of this labor analysis is its 

detailed examination of the shifting composition of the workforce across wage bands. The [20K-40K] 
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bracket is found to have grown from 5.85% (12.51% of gross income) of the population in 2001 to 

15.61% (20.96% of gross income) in 2021, providing insights into redistributive mechanisms not 

explored in comparable depth in the Estonian or French studies. For policymakers, these studies 

collectively suggest that well-designed minimum wage policies can serve as an effective tool for 

reducing income inequality without necessarily having negative consequences for employment or 

economic growth. However, the contextual differences highlighted also underline the importance 

of calibrating such policies to specific national economic conditions rather than applying universal 

approaches across different settings. 

4.2 Contextual Considerations and Future Directions 

While the Spanish experience during 2001-2021 demonstrates positive outcomes from minimum 

wage increases, several contextual factors should be considered when interpreting these results. 

Spain’s economic structure, with significant employment in tourism and services, may exhibit 

different adjustment mechanisms than economies with larger manufacturing sectors or different 

labor market institutions. Crucially, Spain’s minimum wage remained substantially below levels 

observed in more developed European economies such as France or Germany for much of the study 

period. This differential likely created headroom for significant increases without triggering the 

adverse effects predicted by conventional economic models. 

An important consideration for future policy is that as Spain’s minimum wage converges with 

those of countries like France and Germany, the economic effects may differ substantially from 

those observed in this study. The positive relationships identified between minimum wage increases, 

employment growth, and business profitability might not maintain their linear relationship as wage 

floors approach levels comparable to more advanced European economies. The unique structural 

characteristics of the Spanish economy—including its sectoral composition, productivity levels, and 

competitive position within European markets—may create different adjustment dynamics as 

convergence progresses. Therefore, while successive minimum wage increases might further 

improve redistributive outcomes in the near term, careful monitoring and analysis will be required 

to identify potential threshold effects or structural adjustments as Spain’s labor market institutions 

increasingly resemble those of its northern European counterparts. 

5. Conclusion 

This study examines the impact of National Minimum Wage (NMW) adjustments on income 

inequality and wealth redistribution in Spain over a significant twenty-year period (2001-2021), 

using comprehensive administrative tax records constituting a complete census of Spanish wage 

earners. The results offer several substantive contributions to the literature on minimum wage 

effects and challenge conventional economic predictions about their potential consequences. 

5.1 Primary Empirical Contributions 

The empirical evidence presented in this study shows that substantial increases in Spain’s 

minimum wage - from €505.7/month in 2001 to €1,108.3/month in 2021 - coincided with 

statistically significant reductions in income inequality. The machine learning models used 

particularly the Random Forest Regressor, identified a robust relationship between minimum wage 
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increases and lower Gini coefficients, with the variable measuring shifts in income distribution 

across wage brackets emerging as the strongest predictor of inequality reduction. 

Contrary to the predictions of classical labor market models, no evidence was found to link 

minimum wage increases with employment reductions or inflationary pressures over the period 

analyzed. Instead, the data reveal a pattern of increased net employment, particularly in the 

€20,000-€40,000 annual income bracket, which expanded from 5.85% of the labor force in 2001 to 

15.61% in 2021. This structural shift in the Spanish wage distribution represents a significant 

improvement in labor market outcomes for low and middle-income workers. 

Perhaps most notably, measures of business profitability remained robust throughout minimum 

wage increases, with corporate tax collections reaching record levels through 2019. This finding 

contradicts predictions that higher wage floors will necessarily squeeze business margins or reduce 

economic dynamism. Instead, the evidence suggests a mutually reinforcing relationship between 

wage growth and business performance under the conditions analyzed. 

5.2 Theoretical and Policy Implications 

The study’s results hold particular significance for policy debates regarding redistribution 

mechanisms. The evidence indicates that predistributive policies affecting market income directly 

(such as minimum wage regulation) can be highly effective tools for reducing inequality. Notably, 

these effects were achieved without requiring substantial increases in fiscal redistribution through 

the tax and transfer system, suggesting an economically and politically sustainable approach to 

addressing income disparities. 

The effectiveness of Spain’s minimum wage increases appears linked to their positioning within 

the overall wage distribution. When the minimum wage reached approximately the 30-40th 

percentile of the earnings distribution (as observed in the later years of the study period), its 

redistributive impact was maximized. This finding offers potential guidance for calibrating minimum 

wage policies in other contexts, suggesting an optimal range for wage floor positioning relative to 

the median wage. 

In conclusion, this analysis of Spain’s experience from 2001 to 2021 provides compelling evidence 

that minimum wage policies, when appropriately designed and implemented, can function as 

practical tools for reducing income inequality while supporting broader economic prosperity. The 

findings challenge pessimistic predictions regarding employment and inflation effects while 

highlighting the potential of labor market institutions to promote more equitable income 

distribution without compromising economic performance. 

The comprehensiveness of the administrative data and the sophisticated analytical techniques 

applied in this study offer methodological advantages over much previous research, providing a 

robust empirical foundation for these conclusions. While acknowledging the contextual specificities 

of the Spanish case, the findings contribute valuable insights to ongoing academic and policy 

debates regarding optimal approaches to addressing rising inequality in contemporary market 

economies. 
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6. Limitations of the Study 

Several methodological and conceptual limitations should be considered when interpreting the 

results of this study. These constraints do not invalidate the conclusions drawn but rather delineate 

the boundaries within which these findings can be generalized and applied. 

6.1 Restricted Definition of Income and Wealth 

The first limitation concerns the restricted definition of income used in this analysis. The study 

examines only labor income reported to the Spanish Tax Agency (AEAT), excluding other significant 

household wealth and income components. In their comprehensive analysis of the distribution of 

wealth in Spain, they show that non-labor income - particularly capital and property - accounts for 

a substantial share of total income, especially for higher-income households. Excluding these 

sources of income may give an incomplete picture of the overall patterns of wealth redistribution 

[28]. 

Moreover, Spain has experienced significant changes in the composition of wealth over the 

period studied, with financial assets becoming increasingly important relative to real estate, 

especially among the higher wealth segments. By focusing exclusively on labor income, our analysis 

cannot capture these evolving patterns of wealth diversification and their impact on overall 

inequality [29]. A distributional national accounts methodology suggests that including all sources 

of income typically reveals higher levels of inequality than those observed through labor income 

alone. 

6.2 Absence of Socio-Political Context Analysis 

A second major limitation is the lack of a comprehensive analysis of the socio-political contexts 

in which minimum wage policies have been implemented. It is argued that the redistributive effects 

of labor market institutions cannot be fully understood in isolation from broader political dynamics 

and welfare state structures. Our study does not consider concurrent policy changes in areas such 

as taxation, social transfers, housing policy, or education, which may complement or counteract the 

effects of minimum wage increases. 

It has been shown that the effectiveness of redistributive labor market policies depends 

significantly on their embeddedness within a broader institutional framework. The same formal 

policy may have different distributive outcomes depending on the institutional context in which it 

operates. Our analysis cannot determine the extent to which the observed effects of minimum wage 

increases depended on complementary institutional arrangements in Spain during the period 

studied [30]. 

6.3 Macroeconomic Interaction Effects 

The study does not fully explore the complex interactions between GDP growth, inflation (as 

measured by the Consumer Price Index), and minimum wage effects. While our graphical analysis 

identifies correlations between these variables, more sophisticated macroeconomic modeling 

would be required to isolate causal relationships and address potential endogeneity issues. In 

addition, we do not account for sectoral differences in technology adoption and automation 
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potential, which may have led to heterogeneous effects across industries and occupational 

categories. 

The relationship between minimum wage increases and productivity — a crucial factor in 

determining sustainability — receives insufficient attention in our analysis. It does not explicitly 

measure such productivity adaptations, which may be critical in explaining why employment effects 

remained positive despite significant wage increases. 

6.4 Temporal Limitations and External Validity 

The study covers 2001-2021, including expansionary and recessionary periods in the Spanish 

economy. However, the most significant minimum wage increases occurred relatively late, 

especially from 2019 onwards. This temporal concentration may limit our ability to fully assess long-

term adjustment processes and delayed effects that may emerge over more extended periods, as 

suggested by [4] in their analysis of lagged minimum wage effects. Moreover, the COVID-19 

pandemic created exceptional economic circumstances in the last years of our study period. Thus, 

our findings on recent minimum wage increases should be interpreted cautiously regarding their 

generalizability to non-crisis contexts. The external validity of our results for other national contexts 

remains uncertain. 

6.5 Future Research Directions 

These limitations suggest several promising directions for future research. Studies incorporating 

comprehensive measures of income-including capital, property, and transfer income-would provide 

a more complete assessment of how minimum wage policies affect overall economic inequality. 

Examining regional and demographic heterogeneity would improve understanding of the 

distributional effects across different population segments and geographic areas. More 

sophisticated macroeconomic modeling, possibly using structural approaches to better account for 

endogeneity and general equilibrium effects, would strengthen the causal identification of 

minimum wage effects. Finally, extending the analysis to years beyond 2021 would allow for an 

assessment of whether the observed patterns persist as the economy recovers from pandemic-

related disruptions and adjusts to persistently higher minimum wage levels. Despite these 

limitations, the study makes an essential contribution by using comprehensive administrative data 

to examine the effects of minimum wages on labor income inequality and by demonstrating 

patterns that challenge conventional economic predictions about employment and firm 

performance outcomes. 
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