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Abstract 


This thesis studies determinants of income inequality using data from The World Top 
 Incomes Database. The focus is on top tax rates, unions and trade openness. There is found 
 that the erosion of unions and top tax rates are associated with the rise in top income shares 
 in the sample of OECD countries. In addition, there is found that increase of trade openness is 
 associated with the increase in top income shares.  


There is support for a lag structure of tax changes, and a positive cross-level interaction 
 between the level of taxation in the period and the effect of tax changes. In addition, there is 
 support  for  a  significant  positive  interaction  between  the  level  of  trade  openness  and  the 
 effect of union density changes. 


These associations are found utilizing a random-effects multilevel model, separating 
between  and  within  effects,  applied  to  annual  longitudinal  data  covering  the  period  1981-
2011. The results are largely supported by fixed-effects and first-differenced models. 
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1 Introduction 


The  distribution  of  resources  have  long  been  recognized  as  an  important  element  of 
 organization  and  functioning  of  states.  Indeed,  Plato  discussed  how  the  distribution  and 
 hunger for gold could bring about an oligarchy where wealth is concentrated on ever fewer 
 hands, and laws are twisted so that the wealthy does not have to oblige them  (Plato, 2001, 
 pp. 908-311)1.  


Distribution of resources have also been associated with a stable democracy:  “Increased 
 wealth is not only related causally to the development of democracy by changing the social 
 conditions of the workers, but it also affects the political role of the middle class through the 
 shape of the stratification structure so that it shifts from an elongated pyramid, with a large 
 lower-class base, to a diamond with a growing middle class.” (Lipset, 1959, p. 83) 


As the title of this thesis suggest, it is not the distribution of wealth that is of concern 
 here, but the  distribution  of  income.  The  concepts  are  closely  related, however, there  is a 
 difference. Wealth (accumulated resources at a given time), is the sum of income spent (the 
 flow  of  resources  in  a  given  period)  and  previous  wealth.  A  highly  skewed  distribution  of 
 income can thus be a first step toward a highly skewed distribution of wealth2. 


In the years after World War 2, and to the late 1970s, Lipset (1959)’s implicit assumption 
 of economic development increasing the middle class seemed to hold in the United States. 


The economy grew steadily, as did wages of the average worker, and economic gains became 
 more equally distributed. This changed somewhere in the late 1970s to early 1980s. Suddenly 
 wages  began  a  long  downward  trend,  and  even  though  more  family  members  than  ever 
 before were working, median family income stopped growing. At the same time, the amount 
 of  people  earning  high  incomes  rose  as  well,  leaving  a  declining  proportion  of  employees 
 receiving mid-level incomes (Harrison & Bluestone, 1990, pp. 4-5). 


      


1 The Republic, book 8, lines 550-552. 


2 Conditioned on consumption patterns, income mobility and demographics. 
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 The  status  in  2013  was  that  ten  percent  of 
 Americans  claimed  almost  half  (47%)  of  all  gross 
 income  in  the  United  States,  the  largest  income 
 share  concentrated  in  this  group  since  the  1930s3. 
 Clearly,  not  all  segments  of  the  society  have 
 benefitted equally from economic development. The 
 pyramid might have become more like a diamond for 
 a while, but that is a trend long gone.  


The increasing income inequality is not unique 


to the US by any means. Top incomes have increased enormously in the US and other English-
 speaking countries over the past three decades  (Piketty & Saez, 2006, p. 204). Meanwhile, 
 European countries and Japan have had relatively stable top income shares, although there 
 are increasing trends in most of these countries as well. The US inequality might, however, be 
 the  most  pronounced,  and  have  been  the  focus  of  the  lion’s  share  of  research  concerning 
 inequality in developed countries (Mahler, Jesuit, & Roscoe, 1999, p. 368).  


To make a comparison of differences concerning the income shares between countries, 
 the highest-earning ten percent of Swedes claimed 28% of total gross income in 2013, and 
 23%  in  1980.  The  rather  large  differences  between  Sweden  and  the  US,  both  in  level  and 
 growth of inequality, indicates that large inequalities are not inevitable. Markets may have 
 created these inequalities, but laws, regulations and institutions shape the markets (Stiglitz, 
 2012, p. 66). 


Understanding  causes  behind  the  rise  in  income  inequality  should  be  of  concern  for 
 political scientists and policy makers. Inequality might not pose a direct threat to the stability 
 of  democratic  institutions  in  the  near  future.  However,  high  levels  of  economic  inequality 
 leads to political inequality (Stiglitz, 2015, p. 125). Moreover, inequality have major impacts 
 on living conditions of substantial proportions of the population in both the long and the short 


      


3 Data from The World Top Incomes Database (October 31., 2015) 


Figure 1 Top decile income share in the United States 
1917-2014 
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term. Income (and wealth) affects, for example, decisions and opportunities to get education, 
 sufficient healthcare, and the ability to use the legal system (Stiglitz, 2012). 



1.1  Brief overview of the research field 


Explanations for the rise in inequality in the developed world focus either on market-
 driven forces or on institutional changes. According the market forces hypothesis, the rise in 
 inequality reflects skill-biased technical change and globalization (Jaumotte & Buitron, 2015, 
 p. 7). In this framework, wages are determined by supply and demand (the market) for labor. 


Technological  change  have  increased  demand  for  higher  skilled  workers,  and  decreased 
 demand for low-skilled workers. Thus, market changes have increased the skill (educational) 
 premium and increased inequality (consult Goldin and Katz (2007) for a study of the United 
 States,  see  Brynjolfsson  and  McAfee  (2014)  for  interesting  ideas  about  potential  future 
 implications, also consult also Card and DiNardo (2002) for problems related to the skill-biased 
 technological  change  hypothesis).  In  a  similar  fashion,  globalization,  working  through 
 increased global competition, have increased demand for capital, and decreased demand for 
 labor  (in  developed  countries)  (consult  Stolper  and  Samuelson  (1941)  for  theoretical 
 arguments). 


Institutional features cited as determinants of income inequality includes top personal 
 income tax rates (consult Atkinson (2004) for a long run descriptive study of taxes and top 
 incomes,  and  consult  Piketty,  Saez,  and  Stantcheva  (2011)  for  models  on  tax  changes  and 
 responses), and financial deregulation (consult Jerzmanowski and Nabar (2013) for arguments 
 how high skilled-labor can benefit relatively more than low-skilled labor).  


Features related to the labor market, such as union density rates (consult Card (2001) 
 for a study of unions and wage inequality in the US, consult Card, Lemieux, and Riddell (2004) 
 for a study of the US, the UK and Canada) and minimum wage (consult Lee (1999) for a study 
 of minimum wages and wage inequality in the US) are linked to inequality of incomes. 


1.1.1  Research gap 


The erosion of labor market institutions have been relatively little investigated in the 
context of income inequality (Jaumotte & Buitron, 2015, p. 5). This is especially true for cross-
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country  analyses.  Consequently,  there  have  been  little  effort  to  investigate  any  potential 
 interactions between market-driven forces and labor market institutions.  


This  thesis  utilizes  longitudinal  analysis,  which  is  seen  as  the  natural  next  step  in 
 investigation of income inequality (Piketty, 2005, pp. 387-388). Previous databases have been 
 haunted by various problems (Piketty, 2005, pp. 382-383) and opportunities to investigate the 
 income  distribution  utilizing  cross-country  analysis  in  a  rigorous  way  have  therefore  been 
 limited. However, the possibility to use longitudinal analysis have increased by the publication 
 of  the  World  Top  Incomes  Database  (WTID),  motivated  by  dissatisfaction  over  existing 
 databases. This database is fully homogenous across countries, annual and long-run (Piketty, 
 2005, p. 383), making it suited for longitudinal analysis. 


This thesis investigates the proportion of the total income claimed by the top 10% (the 
 top decile), and how institutional changes (represented with top tax rates and labor union 
 density)  and  trade  openness  relates  to  it.  In  addition,  this  thesis  investigates  potential 
 interactions  between  trade  openness and  labor  unions.  This  is done by analyzing  19  OECD 
 countries4 (Organization for Economic Co-operation and Development), which are considered 
 relatively developed in the period. This will test the theoretical assumptions and expectations, 
 largely investigated and developed in the context of the US, in a broader context.  


The use of top decile income shares and longitudinal models are not completely novel. 


Two studies investigating developed countries and top decile income share are Jaumotte and 
 Buitron (2015) and Roine, Vlachos, and Waldenström (2009). 


  Jaumotte  and  Buitron  (2015)  investigates  top  decile  income  shares  by  labor  market 
 institutions (labor unions, extensions and minimum wages) and top tax rates, while controlling 
 for market-driven forces. They use both event analysis and longitudinal analysis (three-stage 
 least squares). 


  Roine,  Vlachos,  and  Waldenström  (2009)  investigates  the  bottom  nine  deciles  (the 
 inverse of the top decile) by economic development, financial development, trade openness, 
       


4 Australia, Canada, Denmark, Finland, France, Germany, Ireland, Italy, Japan, Korea, the Netherlands, New 
Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom and the United States. 
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government expenditure and taxation. They use 5-year averages and a first-difference model 
 including a lagged dependent variable. 


The  main  novelty  of  this  thesis  lies  in  the  statistical  method  used.  A  random-effects 
 multilevel model which separates the between and within effects is utilized. This approach 
 achieve  the  unbiasedness  of  the  fixed-effects  approach,  but  at  the  same  time,  it 
 accommodates  information  about  potential  level  effects  of  the  explanatory  variables.  This 
 approach  allows  for  more  exploration  of  the  data,  and  especially  between  the  level  and 
 changes  of  variables.  As  a  result,  this  thesis  goes  somewhat  longer  in  exploring  potential 
 interactions  between  labor  market  institutions  and  market-forces  than  earlier  comparable 
 studies. 



1.2  Research question  


The research question this thesis seek to answer is: 


“Can collective bargaining, tax policy and trade openness explain the increase in the 
 top deciles' gross income share in OECD countries in the period 1981-2011?” 


These relationships are of interest because they are largely results of policy, and if they 
 indeed  affect  the  income  distribution,  then  policy  can  be  used  actively  to  manage  the 
 distribution of income. As mentioned already, there are several reasons for why the income 
 distribution should be of interest. If the inequality can be managed, there is surely of interest 
 to know how this can be achieved.  



1.3  Findings 


The  main  findings  can  be  summarized  as  follows:  there  is  found  support  for  the 
hypothesis  that  changes  in  trade  openness  affects  the  top  decile  income  share.  This 
relationship is positive, indicating that increasing trade openness could have increased the top 
decile income share. There is also support for the hypothesis that changes in top tax rates 
affects the top decile income share. This relationship is rather complex, with a negative lag 
structure of two years, in addition to country mean top tax rates acting as moderators of the 
country specific effects. Taken together, the relationship is negative, indicating that reduction 
of top tax rates could have increased the top decile income share. Lastly, it is found support 
for  the  hypothesis  that  changes  in  labor  union  density  rates  affects  the  top  decile  income 
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share.  This  relationship  is  primarily  negative,  indicating  that  the  decrease  in  labor  union 
 density could have increased the top decile income share. However, the effect is found to be 
 moderated  by  the  level  of  import/trade  penetration  of  countries,  with  higher  average 
 import/trade penetration in the period indicating less (negative) effect of unions. 



1.4  Structure 


The next chapter outlines the theoretical and conceptual framework used in this thesis. 


Concepts of inequality, income distribution and income sources are introduced. Theoretical 
 expectations about the association between the income distribution, trade openness, top tax 
 rates and collective bargaining are outlined. The chapter ends with introducing a set of general 
 hypotheses. In “Research design” arguments for utilizing the multilevel longitudinal analysis 
 technique are presented, and concerns related to the choice of method are discussed. The 
 chapter  ends  with  presenting  the  modeling  process.  “Data  collection”  describes  the  data 
 collection  process.  It  provides  reasoning  behind  the  choice  of  indicators,  and  ends  with  a 
 discussion of the case selection, statistical significance testing and generalization. “Descriptive 
 statistics” presents numeric and graphical description of the variables. “Results” introduces 
 empirical hypotheses, presents the result of a regression model utilizing all observations, and 
 discuss  the  hypotheses  in  light  of  the  model.  In  “Diagnostics  and  model  specification” 


diagnostics of the model presented in Results are presented. In addition, alternative models 
and model specifications are presented to test the robustness of the model. Specific reasons 
for including the alternative models are also given. In “Discussion” the findings are reviewed 
and placed in the context of earlier research. The chapter also presents a final assessment of 
each component of the research question. In Concluding remarks the results are summarized 
and propositions for further research is given. 
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2 Theoretical and conceptual framework 


This  chapter  starts  with  laying  out  the  conceptual  framework  used  in  this  thesis.  The 
 concept  of  income  distribution  and  inequality,  income  sources  and  types  of  income  is 
 introduced. Following is the theoretical framework, which the thesis is built upon. After going 
 through  the  theoretical  assumptions,  the  chapter  ends  with  the  introduction  of  a  set  of 
 hypotheses. 



2.1  Income distribution – what is it? 


In a general term, “distribution” refers to how values on a certain variable are spread 
 across a defined population. Two extreme distributions are: 1) everyone in the population has 
 exactly the same value on the variable, and 2) it is only one individual in the population having 
 (a value on) the variable.  


Figure 2 Two extreme distributions 


When talking about inequality we also talk about the distribution of some variable. We 
state that the distribution is not equal – not everyone has the same value. Income inequality 
is  thus  a  way  to  refer  to  how  the  income  is  distributed  in  the  population.  The  degree  of 
inequality lies somewhere between the two extremes, and the term “inequality” in itself does 
not indicate this degree.
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 2.1.1  Total, capital and labor income 


By definition, the total income distribution is the result of adding up two components: 


inequality from income of labor and inequality of income from capital. It follows that the more 
 unequally distributed each of these two components are, the greater the total inequality will 
 be (Piketty, 2014, p. 242). 


Even though it is true that the inequalities with respect to labor have always been much 
 smaller  than  inequalities  from  capital,  income  from  labor  generally 


accounts  for  two-thirds  to  three-quarters  of  national  income.  There 
 are also substantial differences between countries in the distribution 
 of income from labor, which suggest that public policies and national 
 differences  can  have  major  consequences  for  the  labor  income 
 distribution. This in turn has a great impact on the living condition of 
 large numbers of people (Piketty, 2014, p. 255). There is also the issue 
 that capital accumulation by the “working rich” could lead 


up to the revival of top capital incomes in the following generation (Piketty, 2005, p. 387).  


Depending on the savings rate, the present income will affect the distribution of wealth 
 in the future. This was recognized by Kuznets (1955), and it is one of the divergent forces he 
 discusses.  “According  to  all  recent  studies  of  the  apportionment  of  income  between 
 consumption, only the upper-income groups save; the total savings of groups below the top 
 decile are fairly close to zero. (…) Other conditions being equal, the cumulative effect of such 
 inequality  in  savings  would  be  the  concentration  of  an  increasing  proportion  of  income-
 yielding assets in the hands of the upper groups – a basis for larger income shares of these 
 groups and their descendants.” (Kuznets, 1955, p. 7) 


 Newer studies support the relationship between savings and income (see for example 
 Dynan,  Skinner,  and  Zeldes  (2004)).  The  distribution  of  total  income  can  thus  have  quite 
 substancial impact on the society, both in the short term (current income) and in the long 
 term (capital accumulation). Since capital itself is a source of income, the inequality in capital 
 and wealth will also induce larger income inequality in the future. 


Figure 3 Income sources
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 2.1.2  Gross and net income 


The type of income that will be investigated in this thesis is the gross income, that is: 


income gained before taxes and transfers. The net or “disposable” income is the gross income 
 after  taxes  and  redistribution.  The  net  income  is  the  income  we  are  free  to  spend  as  we 
 choose, and ultimately what affects society.  


Figure 4 From gross to net income


There are two ways to alter the net income distribution: we could alter the gross income 
 distribution, and we could alter the tax and redistribution policies.  


When we are looking at the net income distribution, we are really looking at the sum of 
 two  phenomena  interacting:  the  gross  income  distribution  and  the  tax  and  redistribution 
 policies.  It  therefore  makes  sense  to  investigate  policy  impact  on  the  gross  income 
 distribution, as it indicates how policy can alter the market-driven income distribution without 
 disturbances from the redistribution.  



2.2 What is behind the rise in inequality? 


The  factors  concerning  inequality  have  roughly  been  divided  into  two  categories: 


market-driven forces and institutional changes. The rise in observed income inequality have 
 coincided with the “second globalization” wave, which has been under way since the 1970s, 
 and  the  “conservative  revolution”  starting  around  1980s,  characterized  by  a  shift  from 


“planning” to “market”.  


It can be argued that the conservative revolution around the 1980s was a response to 
 the increased global competition and relative stagnation of the domestic economic growth 
 (Piketty, 2014, p. 98). Thatcher and Reagan, state leaders in the United Kingdom in 1979-1990 
 and the United States in 1981-1989, relied on the doctrine of laissez-faire. Laissez-faire is the 
 theory  that  commercial  markets  function  best  with  minimal  interfering  from  governments 
 (Harrison & Bluestone, 1990, pp. 78-79). This period saw a reduction in taxation and a souring 


Gross income Taxation/redistribution Net income
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sentiment toward unions and collective bargaining, as both of were thought to distort markets 
 and slow economic growth. 


Globalization, like the shift in government policy have been seen as drivers for increasing 
 inequality.  One  aspect  of  globalization  thought  to  affect  the  distribution  of  income,  is  the 
 economic openness of a country. Regarding the institutional factors, decreasing tax rates and 
 the  decreasing  role  of  unions  and  collective  bargaining  are  interpreted  as  potential 
 explanations for the increase in inequality. 


The factors under  investigation here  are  largely  related  to  the  bargaining  position  of 
 workers and the labor income distribution. The labor income accounts for around two-thirds 
 of total income and is therefore of great importance in the total income distribution. 


2.2.1  Unions and collective bargaining coverage 


Collective  bargaining  is  a  process  of  decision-making  between  parties  representing 
 employer and employee interests. Creating institutions to improve the bargaining position of 
 workers has historically been an important impetus to collective bargaining (Traxler, 1994, p. 


168). 


The industrial relations system, which constitute a “web of rules” relating the bargaining 
 units,  greatly  affects  the  collective  bargaining  process  –  and  results.  Labor  unions  are 
 organizations of workers whose primary objectives are to improve the wage and non-wage 
 conditions of employment among their members, and union density  is one indicator of the 
 character of a country’s industrial relations system (Ehrenberg & Smith, 2012, p. 444; Traxler, 
 1994, p. 167). 


Unions have different strategies and tools to improve the conditions of their members. 


One strategy is bargaining for contracts and agreements on behalf of their members. The idea 
is  that  the  bargaining  position  is  better  for  unions  as  a  group  than  individual  employees 
bargaining  for  their  wages  and  conditions  on  an  individual  level  with  their  employer.  The 
unions  might  bargain  directly  for  higher  wages,  but  unions  can  also  push  for  staffing 
requirements, which in turn increase the demand for workers (or at least hinder future job 
cuts).  Unions  can  also  bargain  for  contracts  that  prohibit  subcontracting,  hindering  the 



(19)11 


alternative  of  the  employer  to  subcontract  nonunionized  and  cheaper  labor  (lower  wages 
 and/or worse benefits). 


Unions can increase the cost of other close substitutes of workers. They can for example 
 lobby  for  import  quotas,  thereby  increasing  the  cost  of  imports.  By  making  import  more 
 expensive, the production  of  similar  goods  within  the  country becomes relatively cheaper, 
 making it more profitable to produce those goods domestically. Increasing, or maintaining, 
 production  within  a  country  will  protect  the  jobs  associated  with  that  production.    Unions 
 could  also  bargain and  lobby  for  minimum  wages.  Consequently,  employing  non-unionized 
 workers  is  less  attractive.  However,  bargaining  for  minimum  wages  also  lift  the  least  paid 
 workers wages, compressing the income distribution. 


Unions could also affect the wage distribution through more informal channels. Unions 
 can, for example, promote norms of equity, not just at the lower part of the distribution, but 
 also protesting the pay of the upper management (Western & Rosenfeld, 2011, pp. 517-518).  


They have also driven public relations campaigns to increase demand for products produced 
 by union members (Ehrenberg & Smith, 2012, p. 462).  


Perhaps the most powerful feature of a union is the ability to execute strikes and work 
 slowdowns. These measures can impose potentially high costs to the employer if they do not 
 agree to the terms and conditions specified by the union in question. The cost could be higher 
 than the cost of agreement, in turn making it less attractive to fight for better agreements for 
 the employer. 


If unions increase the wages of their members, and the top earners are unaffected we 
should  see  a  relative  contraction  of  the  income  inequality.  If  the  top  wages  are  also 
constrained  by  social  norms,  the  relative  contraction  will  be  even  more  pronounced.  If, 
however, an  increase  in  the  wages  of  unionized  workers  is  bought  at  the  price of  a  higher 
unemployment  rate,  the  contraction  of  the  income  distribution  might  be  lower,  or  maybe 
even increase income inequality, depending on the relative effects of the unemployment rate 
and the wage effect. 
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 2.2.2  Top tax rates 


A decrease in the top tax rate can change the bargaining power of executives. It is always 
 difficult for an executive to convince other parties involved in the firm that a large increase in 
 his  or  her  wage  is  truly  justified.  When  the  top  tax  rate  is  very  high  a  large  fraction  of  a 
 potential wage increase goes directly to the government, and the executive will have little 
 reason to fight for that wage increase. At the same time, other parties will be less inclined to 
 accept the increase. However, if the tax rate were lowered, the incentive for the executive to 
 chase the wage increase intensifies. The executive would gain more from an increase, and the 
 executive will do more to persuade other interested parties to grant the raise (Piketty, 2014, 
 p. 510). 


Leaving out the bargaining aspect, there are generally two effects concerning taxation 
 on  wages.  These  are  the  substitution  and  income  effect.  The  substitution  effect  is  the 
 tendency to substitute one good for another as the price of the first good increases. As the 
 tax rate increases, the effect could be that the people affected will work less, as they are paid 
 less and the “cost of leisure” decreases. If top earners work less their income decreases, and 
 if the rest work just as much as previously this should compress the income inequality.  The 
 other effect is the income effect. The income effect is what affects people to work more, in 
 order to keep their net income from going down and wanting to keep their standard of living 
 (Gayer & Rosen, 2010, pp. 416-417). If the top earners work more, their gross income increase, 
 and if everyone else work just as much as before, the gross income distribution would widen. 


The  effect  of  taxation on  income inequality is  thus  dependent on  which  effect  is the 
 stronger. There is of course a practical limit to how many hours one can work any given day, 
 and at some point, the substitution effect will appear. 


This gives the top tax rates at least three potential effects on the income distribution. 


First, it could lower the incentives for high-income individuals to bargain for higher wages. 


This should result in an unchanged gross income if their work hours are unchanged. Two, it 
could  discourage  high-income  individuals  from  working  as  much  as  before,  lowering  total 
working hours, thereby reducing their gross income. If the wages and working hours for the 
rest are unchanged, the effect should be a contraction of the income distribution. Third, it 
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could encourage high-income individuals to increase working hours in order to keep their net 
 income  level,  which  should  increase  their  gross  income,  ultimately  widening  the  income 
 distribution. 


2.2.3  Trade and economic openness 


The critics of globalization claims that the rapidly growing movement of goods, services, 
 and  capital  throughout  the  world  has  forced  workers  into  ruthless  global  competition, 
 jeopardizing  wages,  benefits  and  job  security  previously  extracted  from  employers  during 
 many decades (Mahler et al., 1999, p. 364).  


The effects of trade on the income distribution could be different for how the relative 
 supply of capital and labor is in the country. International trade is expected to lower the wage 
 of  the  scarce  factor  of  production.  In  countries  where  capital  is  relatively  abundant,  as  is 
 assumed is the case for most of the countries in the analysis, the increased trade openness is 
 thought to reduce the wages of lower skilled labor (Stolper & Samuelson, 1941). 


However, “trade” is comprised of both import and export, which could have adverse 
 effects on the income distribution, and greater international trade generally means that both 
 the country’s imports and exports increase.  


The  increase  in  exports  should  increase  the  demand  for  workers  involved  in  the 
 production of the goods exported. Not only will more people be employed and become wage 
 earners, but also the bargaining position for workers and unions will increase as the relative 
 supply of workers decreases. 


The  increase  in  imports  tends  to  directly,  or  indirectly,  reduce  the  demand  for  some 
 domestically produced goods. Some of the import is likely to substitute for goods that would 
 have been produced domestically (Ehrenberg & Smith, 2012, p. 568). This is likely to reduce 
 the amount of wage earners and to weaken the bargaining position of workers and unions, 
 which ultimately reduces the wages of low-skilled labor (Harrison & Bluestone, 1990, pp. 35-
 36; Reuveny & Li, 2003, p. 579). 


Even if import has a negative impact on the wages of lower paid workers, the effects of 
trade in the longer run might be less negative. If trade makes the country as a whole better 
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off economically, then the domestic demand for goods and services should increase, assuming 
 resources are spent, at least partially, on domestically produced goods and services. This in 
 turn should increase the demand for workers producing these goods and services (Ehrenberg 


& Smith, 2012, p. 568).  


The expected effects of trade on the income distribution is unclear. Import could hurt 
 low-skilled  workers,  by  the  import  acting  as  substitutes  for  their  work,  leading  to  a  worse 
 bargaining position for the workers and unions, ultimately increasing the income inequality. 


Export, on the other hand, is likely to create jobs and thus contribute to a compression of the 
 income  distribution.  The  total  impact  on  trade,  then,  is  conditioned  on  which  effect  is  the 
 greatest. Even if trade in the short run is negative for the income distribution, the effect could 
 be  less  negative  in  the  long  run  if  the  increase  in  cost  effectiveness  for  consumers  and 
 corporations  is  used  on  domestically  produced  goods  and  services,  which  would  produce 
 more jobs in the country. This is again conditioned on what sort of jobs are created. If the new 
 jobs are low-income jobs, this potential positive effect could be rather small. 


2.2.4  Expectations 


As is apparent from the brief overview, there is no general theoretical consensus on how 
 and in what degree any of the factors affects the income distribution. Using earlier research 
 in  combination  with  these  theoretical  expectations,  the  following  general  hypotheses  are 
 formulated: 


H1: Unions and collective bargaining reduces the income inequality 
 H2: Higher tax rates reduces the income inequality 


H3: Trade and economic openness increases the inequality 
H4: Trade reduces the effect of collective bargaining 
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Figure 5 Theoretical model 


These factors are in various degrees shaped by policies, and can thereby be altered. 


Import can be regulated, for example, through import quotas. This might not be optimal, as 
 import is generally seen as beneficial for the economy as a whole. There might be better to 
 use some of the benefits of import to compensate the workers hit by the import through other 
 channels such as subsidy or redistributive measures (Stolper & Samuelson, 1941, p. 73). The 
 Reagan administration have been criticized for both implicit and explicit attacking unions, and 
 even the very principle of unionization (Harrison & Bluestone, 1990, p. 78). If this reduced the 
 sentiment and bargaining power of unions, then government should also be able to improve 
 and the sentiment and facilitate for collective bargaining. Export can be encouraged through 
 increased competitiveness. There are several ways to increase this, for example to improve 
 the  infrastructure  and  increase  the  skill-level  of  the  labor  force  through  the  educational 
 system. The tax rates, however, are directly affected by legislation. 


If these factors do affect the distribution of incomes, then knowledge about the relations 
 and mechanisms can be used as a basis for policy. As noted in the introduction, the inequality 
 of  incomes  bring  about  a  host  of  negative  consequences  for  a  large  proportion  of  the 
 population. There is also reasons to believe that high inequality is bad for economic growth 
 and  economic  stability  (Stiglitz,  2012,  pp.  106-115),  which  in  turn  have  more  negative 
 consequences for society. 
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3 Research design 


This  chapter  lays  out  the  reasoning  behind  the  choice  of  the  longitudinal  analysis.  It 
 continues  with  arguments  for  why  a  multilevel  approach  is  appropriate  for  longitudinal 
 research. Next follows a discussion about fixed and random effects estimators, which are two 
 main  estimators  within  the  multilevel  framework,  and  why  an  approach  that  separates 
 between  and  within  effects  is  chosen.  The  next  section  considers  special  concerns  for 
 longitudinal  analysis,  such  as  trends,  stationarity,  autocorrelation  and  cross-sectional 
 correlation, and how these issues are tackled. The last section considers model specification 
 and the building process. The issues of dynamics, estimation method, LR-tests and the choice 
 of residual structure are considered.   



3.1 Goals and tools 


Collier,  Brady,  and  Seawright  (2004)  suggests  that  the  choice  of  tools  is  a  pragmatic 
 matter that should reflect the goals of the analysis. King, Keohane, and Verba (1994, pp. 4-6) 
 argues  that  the  differences  between  the  quantitative  and  qualitative  traditions  are 
 methodologically  and  substantively  unimportant.  According  to  King  et  al.  (1994),  all  good 
 research  can  be  understood  from  the  same  underlying  logic  of  inference.  The  rules  of 
 inference are relevant to all research where the goal is to learn facts about the real world.  


Within the positivist tradition the statistical method is highly regarded. The statistical 
 method is not as well regarded as the experiment, which in this topic, as often is the social 
 sciences, a practical impossibility. The perceived strength of statistics for positivists lies in its 
 ability  to  compare  and  control.  Through  control  and  comparison,  the  scientist  is  able  to 
 identify, isolate and explore regularities in the world (Moses & Knutsen, 2012, p. 50). 


Even though statistics enjoy a highly regarded position within the positivist tradition, 
this is not the case within the constructivist tradition. The debate between the positivist and 
constructivist traditions can be boiled down to the ontological view. The worldview in turn 
affects what we can know about the world, and that in turn affects how we can obtain that 
knowledge. By using a statistical approach the assumption that it is possible to have some 
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knowledge  about  the  external  world  is  implicitly  made  (King  et  al.,  1994,  p.  6;  Moses  & 


Knutsen, 2012, p. 91).  


On  a  general  ground,  the  positivist  tradition  is  criticized  for  ignoring  human  agency, 
 context, the connectedness of the world and meaning. The critique becomes clear just looking 
 at  the  very  process  of  quantification.  The  process  involves  that  we  interpret  social 
 phenomena,  categorize  and  assign  values  in  order  to  compare  and  analyze.  This  process 
 necessitates losing the social context, and with it, a good portion of meaning. When we take 
 social  phenomena  out  of  the  context  in  order  to  compare  the  interpretation  can  become 
 unclear,  as it  is unclear  if  we  even  compare  the same  phenomena.  As  Moses  and  Knutsen 
 (2012, p. 260) writes: ”(…) the first casualties of quantification are interpretation and context.” 


Admittedly,  the  statistical  method  simplifies  the  world  and  makes  unrealistic 
 assumptions. The costs of the particular may be great, but as King et al. (1994, p. 43) writes: 


“Systematic simplification is a crucial step to useful knowledge.”. 



3.2  Longitudinal analysis 


The  research  question  implies  change  over  time  in  different  units.  Longitudinal  data 
 analysis seems to be a natural choice of statistical method. With longitudinal data, we can 
 observe  subjects  over  time,  and  we  can  observe  many  subjects.  This  allows  us  to  study 
 dynamics and cross-sectional aspects of a problem. As Frees (2004, p. 2)  writes: “Longitudinal 
 data analysis represents a marriage of regression and time-series analysis”. 


In addition to allowing us to study both cross-country and time effects, the longitudinal 
 approach have the advantage of increasing the number of observations in the analysis. This is 
 a  strength  when  it  comes  to  falsifiability,  enhancing  explanatory  leverage  and  addressing 
 multicollinearity (Collier et al., 2004, p. 157). However, the increasing of observations come 
 at a cost. 


  Collier  et  al.  (2004)  discusses  four  trade-offs  related  to  increasing  the  number  of 
observations. All of them can be traced back to the issues of context and interpretation. The 
first  and  most  elementary  is  whether  the  observations  have  a  relevance  for  the  research 
question.  As  noted  above,  the  time  aspect  is  of  relevance  for  the  research  question.  The 
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second  highlights  that  measurement  validity  is  context  specific.  The  third  highlights  that 
 cultures  and  relevant  aspects  of  history  not  only  differ  across  states  (which  in  itself  is  a 
 manmade concept subject to change), but they also change in complex ways within a society 
 over time. Thus, if we are comparing different states the phenomenon we investigate might 
 not  be  the  same  across  states.  Even  if  we  investigate  a  phenomenon  in  the  same  state  in 
 different time periods the phenomenon might not be the same. These are very real issues, 
 and is something that the reader should keep in mind. The data sources and concepts used 
 are  well  known,  and  an  effort  have  been  made  to  secure  comparability.  However,  as  the 
 tradeoff implies, there is loss of context in this sort of analysis. For example, Germany of 1990 
 is surely different from Germany of 1989.  


The last trade-off is related to independence of observations. A focus on temporal or 
 spatial subunits can add observations that are not independent either from the initial set of 
 observations, or from one another. This is a highly relevant critique when using longitudinal 
 data,  as  measurements  might  be  correlated  over  time  (temporal  dependence),  and 
 measurements  within  each  country  might  be  more  similar  than  measurements  in  another 
 country  (spatial  dependence).  This  issue  can  be  mitigated  through  the  choice  of  method, 
 which the next section show. 



3.3  Multilevel models and longitudinal data 


A  number  of  authors  sees  the  use  of  multilevel  models  on  longitudinal  data  as 
 appropriate  (Frees,  2004;  Gelman  &  Hill,  2007;  Hox,  2010;  Luke,  2004;  Rabe-Hesketh  & 


Skrondal, 2012). In a multilevel framework, we see each period of observation as the lowest 
 level in a hierarchy. In this thesis, the model will only contain two levels: countries, and years 
 of observations nested within each country. 


One of the reasons multilevel models are well equipped for longitudinal data is that it 
relaxes the independence assumption and allows for correlated error structures.  Multilevel 
models can handle both spatial and temporal dependence, which is the forth concern Collier 
et al. (2004) points to when increasing observations. A standard OLS regression assume that 
the  observations  are  conditionally  independent  given  the  covariates.  If  the  assumption  is 
violated the regression will give standard errors of the parameter estimates that are too small, 
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which will inflate the t-values and alter the significance level. This increases the chance for 
 obtaining spuriously ‘significant’ results. In a longitudinal framework, the multilevel model will 
 correct  for  spatial  dependence  and  it  is  possible  to  correct  for  temporal  dependence  by 
 specifying a residual error structure. When such dependence are corrected for, we get more 
 appropriate t-values and significance intervals (Luke (2004, pp. 21-22) , Hox (2010, pp. 4-5) , 
 Rabe-Hesketh and Skrondal (2012, p. 2)). 


Another reason why multilevel models are appropriate for longitudinal data is that it 
 can easily handle missing data. The problem with missing data, except for the obvious loss of 
 information and shrinkage of statistical power, is that missing data can produce biased results. 


If the data are missing at random (MAR) the bias will not be a problem using the maximum 
 likelihood (ML) estimation (as long as the model is correctly specified). This means that the 
 probability of missing data may only depend on the covariates or responses at previous/future 
 occasions. They are not MAR if the probability of missing data depends on the response we 
 would have observed if the response had not been missing (Rabe-Hesketh & Skrondal, 2012, 
 p. 278).  


Many traditional approaches to longitudinal data, such as repeated-measures MANOVA, 
 are unable to easily handle unbalanced data. They often require balanced data, and list wise 
 deletion is often used to achieve it. This means extra loss of data. Multilevel modeling is much 
 more flexible and efficient, and it will use whatever data that are available (Luke, 2004, p. 64). 


3.3.1  Fixed vs random effects models 


There  are  two  main  estimators  within  the  multilevel  framework:  fixed  and  random 
effects models. The fixed effects models are not biased by omitted country specific variables, 
but are generally less efficiently estimated than random effects models. The random effects 
models can be biased if there is an omitted country specific variable that both affects the level 
of  an  explanatory  variable  and  the  dependent  variable.  However,  because  it  uses  both 
between countries and within country information it is more efficient. Another advantage by 
the random effects models is that country level variables can be included. This is not possible 
in fixed effects models because of collinearity (the fixed intercepts occupies all the country 
heterogeneity). 
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The literature is full of advice when it comes to choosing estimator. As Gelman and Hill 
 (2007, p. 245) writes: “A question that commonly arises is when to use fixed effects (…) and 
 when to use random effects. The statistical literature is full of confusing and contradictory 
 advice.” 


One  of  the  more  common  methods  to  choose  between  the  estimators  is  to  use  the 
 Hausman  test.  The  Hausman  test  is  a  statistical  test  for  how  severely  biased  the  random 
 effects estimator is, and an insignificant Hausman test is often interpreted to mean that the 
 bias is insignificant and that a random effects estimator can be safely used. The test is not 
 without criticism, and Clark and Linzer (2012) show how poorly the Hausman test perform in 
 detecting and assessing the bias, and especially when the sample size is small. 


There are methods for overcoming the bias of random effects models.  Bartels (2008) 
 and  Rabe-Hesketh  and  Skrondal  (2012)  show  how  the  bias  can  be  overcome  by  including 
 country  specific  means  of  the  explanatory  variables  in  the  model,  and  centering  the  time-
 varying explanatory variables on the country specific mean variable. 


This  approach  separates  the  within  country  and  between  country  effects  of  the 
 variables, removes the correlation between the intercepts (omitted country level variables) 
 and the time-varying variables, thus eliminating the bias resulting from this correlation. This 
 approach  produces  numerically  identical  within  effects  as  a  fixed-effects  model  (Rabe-
 Hesketh & Skrondal, 2012, p. 257). 


Using this approach removes the bias issue of the random effects model, and allows us 
 to  include  country  level  variables.  Another  advantage  of  this  approach  is  that  it  allows 
 estimation of the between country parameters for the variables of interest, meaning that we 
 can estimate both the effect of a change of a variable over time, but also how the level of that 
 variable affects the level of inequality between countries. 


Using this approach do have costs, most of which is bared by the principle of parsimony. 


The  inclusion  of  the  mean  explanatory  variables  doubles  the  amount  of  (time-varying) 
 variables in the model, but the loss of parsimony is at least partially compensated through a 
 more complete picture of the relationships, by giving both level effects and effects over time. 


In  addition,  this  approach  does  not  have  the  same  advantage  of  efficiency  as  an  unbiased 
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random effects model without country mean variables over the fixed effects approach, as the 
 mean explanatory variables occupies degrees of freedom.  


Biases  associated  with  the  random  effects  approach  is  known  as  cluster-level 
 confounding. The random effects estimator use a weighted average of between and within 
 estimators. If the between and within effects are different, then the random effects model 
 will give an estimate between these two estimators.  Issues arise when not including country 
 mean  variables  and  centering  the  within  variables.  The  parameter  estimates  ignore  level 
 differences, and we get parameter estimates based on both change over time and the level of 
 the variable between the countries. This issue is closely related to the ecological fallacy where 
 level differences are used to explain changes5 (Rabe-Hesketh & Skrondal, 2012, p. 150). 


Although this approach eliminates the problem with cluster level confounding, it does 
 not  eliminate  the  inconsistency  of  the  parameter  estimates  of  endogenous  time  invariant 
 variables (country-level variables) (Rabe-Hesketh & Skrondal, 2012, p. 253). The problem is 
 that  time  invariant  variables  (cluster  means)  could  be  correlated  with  the  intercepts  (the 
 omitted country-level variables).  


This is analogous to the assumption that the time-varying variables (level one variables) 
 are not correlated with the residuals at the lowest level. That is, that there are no omitted 
 variables that correlates with both the error term (“all omitted variables” affecting the top 
 decile income share) and the time-varying explanatory variables in the model. 


The problem with endogenous country-level variables could be partially overcome using 
 the  Hausman-Taylor  method  (Rabe-Hesketh  &  Skrondal,  2012,  pp.  253-257).  However,  the 
 exact coefficients of the time invariant variables are not a primary concern for the research 
 question. In addition, the Hausman-Taylor method is highly dependent on the specification.  


3.3.2  Model specification 


Formally the model used becomes: 


      


5 Alternatively, in a cross-sectional context: some attribute of the group is used to explain differences at the 
individual level. 
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𝑦𝑡𝑐 = 𝛼𝑗+ 𝛽𝑜𝑐𝑐𝑡𝑐+ ∑ 𝛽𝑊𝑥𝑡𝑐+ 𝜖𝑡𝑐


𝛼𝑐 =  𝛾 +  ∑ 𝛽𝐵𝑥̅𝑐 + 𝜀𝑐
 𝛽𝑊𝑥𝑡𝑐 =  𝛽(𝑥𝑡𝑐 − 𝑥̅𝑐) 


Where  αc  is  the  country  intercept,  occtc  is  a  time  variable  and  the  associated  beta 
 coefficient represents a linear time trend, βW represent the within parameters, ϵtc the error 
 term for the individual year in a country, ϒ is the mean intercept controlled for the between 
 variables, βB represents the between parameters and εc represents the country level residuals. 


When using this hierarchical equation structure it becomes clear that the model allows 
 for different  within  (βW)  and  between  (βB)  effects.  It  also  show  that  the  mean  explanatory 
 variables only affects the intercepts (the level in 1980) and not the variation over time. By 
 separating the level and variation, the model also removes potential bias associated with using 
 a  random  effects  model,  as  the  level  of  the  explanatory  variables  are  not  used  when 
 estimating variation over time. 


In the context of a longitudinal analysis, the within parameters represent the effect of a 
 change  in time,  and  the  between parameters  represent  the  level  effect of  the  explanatory 
 variable.  This  is  useful,  as  the  time  invariant  variables  (the  country  means)  cannot  explain 
 changes occurring over time. They can only explain why some countries have a higher or lower 
 level of inequality.  



3.4  Special statistical concerns for longitudinal data: 


3.4.1  Trends, stationarity and autocorrelation 


The research question implies that there is a trend in the dependent variable. This could 
 cause some problems for the regression estimation, especially if the variable is non-stationary. 


A series is non-stationary if the autocorrelation parameter (rho) is equal to or larger than one6. 
       


6 ∈𝑖,𝑡= 𝜌 ∈𝑖,𝑡−1+  𝜂𝑖,𝑡, |ρ| ≥ 1 non-stationary process, |ρ| < 1 stationary process. Intuitively we can say that 
changes in a stationary variable, that is, a variable that wanders within some boundaries, cannot have a fixed 
linear relationship with a variable that wanders indefinitely far from its mean. 
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A non-stationary series is said to have a unit root. A series with a unit root will tend to wander 
 far from its mean and the variance of the observations will grow larger and larger over time. 


In fact, it will tend to infinity as the number of observations go to infinity. 


  Beck and Katz (2011, p. 343) points out that proportions as a dependent variable have 
 boundaries  for  how  large  their  variance  can  become.  In  the  case  of  the  top  decile  income 
 share, we know that the proportion of the total income must lie between 10% and 100%. Even 
 though series with proportions are very persistent, they simply cannot be integrated of first 
 order. 


To avoid making an inconsistent regression, explanatory variables must be integrated of 
 the same order, meaning they have to be stationary as well. Some explanatory variables are 
 stationary  by  the  same  logic  as  the  income  share  (for  example  union  density  and 
 unemployment rate) while some have to be transformed. See Data collection for details about 
 the variables.  


Another  problem  with  trends  is  autocorrelation,  which  will  estimate  standard  errors 
 that are too small, resulting in too much confidence to the estimates, and are frequent in time-
 series  and  longitudinal  data.  We  have  autocorrelation  when  the  residuals  are  correlated, 
 which violates of the assumption of independent residuals. This is one of the concerns Collier 
 et al. (2004) had with introducing temporal subunits. If left uncorrected we could easily do a 
 spurious regression, where we observe a significant relationship even though it is purely due 
 to chance. 


One way to eliminate autocorrelation is using a lagged dependent variable in the model. 


However,  Rabe-Hesketh  and  Skrondal  (2012,  pp.  272-273)  show  that  lagged  dependent 
variable models produces inconsistent parameter estimates as a result of the initial-conditions 
problem, which will say that we assume that the initial response (the top decile income share 
in  1981)  is  uncorrelated  with  the  random  intercept  (all  country  level  variables  omitted).  It 
seems highly unlikely that the income inequality in the countries in 1981 is uncorrelated with 
the level of inequality in the countries and all aspects of inequality left out in the model, which 
means that a lagged dependent variable will produce biased estimates. Plümper, Troeger, and 
Manow  (2005,  pp.  342-343)  advocates  the  use  of  lagged  residuals  to  eliminate 



(32)24 


autocorrelation, as it produces consistent parameter estimates, in contrast to when a lagged 
 dependent variable is included. 


When using a multilevel model it is possible to correct for autocorrelation by specifying 
 a  residual  covariance  structure.  As  there  are  missing  data  it  is  important  to  specify  a 
 covariance  structure  that  is  as  close  as  possible  to  the  ‘correct’  structure  in  order  to  get 
 consistent parameter estimates and to improve the efficiency (meaning estimated standard 
 errors closer to the correct values) (Rabe-Hesketh & Skrondal, 2012, p. 298). 


3.4.2  Cross-sectional correlation 


In long panels one must also account for cross-sectional correlation (Frees, 2004, p. 286). 


Cross-sectional correlation is correlation because of linkage between countries. It could be 
 that  a  global  event  affects  the  income  distribution  in  all  countries  in  the  same  year.  This 
 correlation  can  be  estimated  using  a  two-way  error-components  model  (Rabe-Hesketh  & 


Skrondal,  2012,  pp.  435-436).    The  resulting  cross-sectional  correlation  was  estimated  to 
 5.13e-21,  indicating  negligible  cross-sectional  correlation.  An  ordinary  two-level  random-
 intercept model is therefore the pragmatic choice, as adding a residual covariance-structure 
 is easier in these models. 



3.5  Model specifics and building process: 


3.5.1  Dynamics 


If dynamics are not taken into account, we are implicitly assuming that all variables only 
 have an immediate impact on the income share. This seems unlikely to hold. Bartels (2008, 
 pp. 13-14) advocate the use of a lagged dependent variable to account for dynamics when 
 analyzing longitudinal data. 


By  using  a  lagged dependent  variable7,  we  are  assuming that  the effect  of  a  variable 
 declines  geometrically  and  that  the  explanatory  variables  have  identical  persistent  effects. 


      


7 That is, including the value of the dependent variable at the previous measurement occasion as an 
explanatory variable. 
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This is a strong assumption that might not be appropriate. In addition to this, as discussed in 
 the section about autocorrelation, bias associated with the inclusion of a lagged dependent 
 variable is undesirable. 


  Beck and Katz (2011, pp. 338-339) points to the possibility of including both a lagged 
 dependent  variable  and  potentially  lagging  independent  variables  to  allow  for  both  long 
 lasting effects and immediate effects. This approach has the advantage of restricting the loss 
 of  observations,  compared  to  fitting  many  lags,  but  it  does  not  solve  the  issue  of  bias 
 associated with the inclusion of a lagged dependent variable. 


To account for potential lasting effects a model containing three period lags were fitted, 
 and insignificant lags were removed. When lags are included in the variable, we are not only 
 regressing the dependent variable on the explanatory variable, but we are also regressing it 
 on  previous  values  of  the  explanatory  variables.  When  three  lags  are  included,  the  model 
 allows the variables to have effects lasting up to three years after the initial change of the 
 variable. The advantage of this procedure is that it does not assume identical dynamics of the 
 explanatory  variables  (Plümper  et  al.,  2005,  p.  335)  and  it  will  not  bias  the  coefficients. 


However, this comes at the cost of losing observations8, and potential long lag dynamics are 
 not detected. 


3.5.2  Estimation 


When  estimating  a  multilevel  model  the  most  commonly  used  method  is  maximum 
 likelihood  (ML).  ML  is  generally  robust,  and  produces  estimates  that  are  asymptotically 
 efficient  and  consistent.  With  large  samples,  ML  estimates  are  usually  robust  against  mild 
 violations of the assumptions, such as having non-normal errors (Hox, 2010, p. 40). 


However,  restricted  maximum  likelihood  (RML)  is  more  realistic  and  should  improve 
 estimation,  especially  when  the  number  of  groups  is  small.  The  differences  in  practice  are 
 usually small. If the differences are nontrivial then RML usually performs better. There are two 
 advantages  associated  with  using  ML:  computations  are  generally  easier  and  it  offers  the 
       


8 We lose observations equal to the number of lags for each country at the start of the period, in addition to 
the same amount for each gap in the data of a country. 
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option  to  use  an  overall  chi-square  test  based  on  the  likelihood  function  to  compare  two 
 models that differ in the fixed part.  


RML  has  more  attractive  qualities  regarding  the  limited  sample  (relatively  few 
 countries).  RML  accounts  for  the  degrees  of  freedom  lost  in  estimating  the  lowest  level 
 parameters,  which  ML  does  not.  In  addition,  the  differences  between  the  ML  and  RML 
 estimates will grow larger as the number of parameters grow (Frees, 2004, p. 103). However, 
 Frees  (2004,  p.  103)  recommends  using  “ordinary”  likelihoods  for  LR-tests,  even  when 
 evaluating RML estimators.   


Regression results and the discussion will be based on result of RML estimation, except where 
 indicated otherwise. However, ML was used when different models were fitted, and the LR-
 test functioned as a model selection criterion. 


3.5.3  LR-test 


The  maximum  likelihood  procedure  produces  a  log  likelihood  statistic,  which  can  be 
 transformed  to  the  “deviance”.  The  deviance  is  obtained  by  multiplying  the  model  log 
 likelihood by minus two, and it indicates how well the model fits the data. If two models are 
 nested, the deviance of the two models can be used to compare their fit statistically.  


A lower deviance always implies a better fit, and the model with more parameters will 
 always have a lower deviance. The LR-test helps us to test if the difference in deviance, and 
 hence the parameter(s) of interest, are statistically significant. 


The difference  of  the  deviance  is  (approximately) distributed  as  a  chi-square  statistic 
 with degrees of freedom equal to the difference in parameters estimated in the models. If the 
 difference  in  the  deviances  exceeds  the  critical  chi-square  value,  the  model  with  all  the 
 parameters fits data significantly better than the reduced model. 


As Stata gives the log likelihood and not the deviance the likelihood ratio test statistic is 
computed as follows: 2*(LL (full model) – LL (reduced model)). If this statistic should exceed 
the critical chi-square value given the parameter difference, the full model is accepted (Luke 
(2004, p. 34) , Hox (2010, p. 47) , Frees (2004, p. 99)). 
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 3.5.4  Residuals and covariance structure 


The likelihood is based on assuming multivariate normality of the total residuals. Even if 
 this assumption is violated, point estimates of regression coefficients will remain consistent, 
 as long as the fixed part of the model is correctly specified. The same applies to the model 
 based standard errors, as long as the covariance structure is correctly specified (Rabe-Hesketh 


& Skrondal, 2012, p. 298). As long as the distribution of the total residuals is symmetric, ML 
 not only produces consistent regression coefficients, but is also unbiased in small samples, 
 even  if the  covariance  structure  is  incorrectly  specified.  However, this  is  conditional  on no 
 missing data or that the missing data are random. Since there are missing data in the analysis, 
 finding the best residual structure to reduce the downward bias of the standard errors is of 
 interest. 


The  default  residual  covariance  structure  in  Stata  is  independent,  meaning  that  all 
 residuals  are  independent  and  identically  distributed  with  one  common  variance.  In 
 longitudinal  analysis,  this  is  inappropriate  due  to  autocorrelation.  As  a  result,  multiple 
 alternative  residual  covariance  structures  were  tested.  All  covariance  structures  that  are 
 constant across subjects can be obtained by imposing restrictions on the unstructured model 
 and are hence nested in the unstructured model. Therefore, we could conduct a likelihood-
 ratio  test  to  compare  a  structured  model  to  the  unstructured  model  (Rabe-Hesketh  & 


Skrondal, 2012, p. 322). An unstructured model has n(n + 1)/2 parameters, where n are the 
 number of occasions (Rabe-Hesketh & Skrondal, 2012, p. 298). This is a huge matrix, and is in 
 practice not possible to estimate in this data material. 


Fortunately, all models are nested in the unstructured model, and the identity (called 
 independent  in  Stata  when talking  about the  residual  covariance)  structure  is nested in  all 
 models  (Rabe-Hesketh  &  Skrondal,  2012,  p.  297).  This  means  that  we  can  reverse  the 
 procedure and test the independent model against structured models.  


  Rabe-Hesketh and Skrondal (2012, p. 325) recommends selecting a residual structure 
before selecting the mean structure (fixed-part) of the model. This is because the inferences 
for the regression coefficients depend on the specific residual structure.  They recommend 
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first adding all potentially relevant explanatory variables, then find the best fitting residual 
 structure and keep the chosen residual structure when refining the model. 


The  modeling  process  is  partly9 following  a  bottom-up  approach  as  suggested  in  the 
 literature (Gelman & Hill, 2007, p. 69; Hox, 2010, p. 56; Luke, 2004, p. 23). 


(1)  A  model  with  all  the  explanatory  variables,  country  means  at  level  2 
 (country-level) and the country mean centered variable at level 1 (occasion-level), was 
 fitted. Next, the residual structure were chosen. 


(2)  To  account  for  dynamics,  three-year  lags  were  included  for  all  within 
 variables. The insignificant lags at 10% were removed. 


(3)  Cross-level interactions of country mean and the corresponding within 
 variable were tested and insignificant interactions were removed. Other potential level 
 1 and cross-level interactions were tested. 


The  reason  for  exploring  potential  cross-level  interactions  between  the  country  mean 
 variables and the corresponding within variables is  that there might be stronger or weaker 
 effects depending on the average level of the variable.  


      


9 The usual step after fitting the level 1 structure is to test for random slopes before testing for cross-level 
interactions. However, as LaHuis and Ferguson (2009) points out, there is generally low power for tests of slope 
variation. The lack of power can give insignificant random slopes, even though the model is capable of estimate 
cross-level interactions.  
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