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ABSTRACT 
 

 

This paper challenges the determinism that booming resource economies suffer from de-

industrialization, the “Dutch Disease”. For several decades, economists have attempted to 

explain how a sudden surge in mineral and energy extraction affects an economy’s output and 

employment from an aggregate and sectoral perspective.  Economic theory shows that a “boom” 

in mineral and energy production is welfare enhancing to the economy experiencing it.  

However, the phenomenon also induces inter-sectoral adjustments among non-renewable 

resource (NRR), traditional traded, and non-traded industries that tend to crowd out traditional 

export sectors such as agriculture and manufacturing.  In turn, this paper asks two fundamental 

questions: 1) Can the inter-sectoral adjustments wrought by a boom in NRR production be 

mitigated in the resource-abundant economy experiencing it; 2) Can the inter-sectoral 

adjustments be exported to a neighboring non-resource economy by movements in migrant labor 

supply?  The theoretical model and empirical estimation approach presented in this paper 

introduces an endogenous migrant labor supply response to booms in NRR output to test the 

extent traditional tradable sectors shrink in the NRR-abundant economy during the boom and if 

such effects are exported to a neighboring jurisdiction.  Using data at the U.S. county level, the 

empirical results show that booming economies experience positive and statistically significant 

rates of real income and traded sector job growth during the boom, attributable to the influx of 

migrant labor.  By contrast, little evidence is found that non-booming counties adjacent to the 

booming counties experience declines in income or job growth because of labor supply outflows.  

Instead, the results suggest the larger the number of potential “donor” counties that can supply 

labor to the booming economies, the more likely the transmission of booming economy effects, 
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namely evidence of de-industrialization, is diffused across all of the donor counties that actually 

yielded migrant labor.  Overall, the results indicate that a shrinking traditional traded sector 

during a NRR boom is by no means inevitable in an NRR-abundant economy, contrary to the 

stylized facts.  Additionally, when investigating the total and inter-sectoral effects of a resource 

boom, economists must extend their investigation to the labor migration channel and the effects 

of the boom on both neighboring non-resource producing economies and economies even further 

afield. 
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CHAPTER 1 

RESEARCH QUESTION AND BACKGROUND 

  

This paper challenges the determinism that booming resource economies suffer from de-

industrialization, the “Dutch Disease”. Though de-industrialization is a possible outcome in 

economic models of booming sector economies, it is by no means the only outcome. Nor has the 

proposition been empirically tested, and yet policy-makers and economists alike have come to take 

both de-industrialization and its attendant negative impacts on long-run growth as fact, a resource 

curse. Using county-level US data we show that in recent years manufacturing sectors in mineral and 

energy producing regions grow faster than normal during a resource boom and grow more slowly 

during a bust. Our structural model posits that labor migration could explain this result. The 

empirical analysis supports this assertion. The empirics also show that de-industrialization is not 

transmitted to neighboring labor-donating counties. These results imply that large and geographically 

diverse resource-producing nations, as well as smaller, specialized resource-based nations that have 

liberal migrant worker policies, may be immunized against the so-called “Dutch Disease”. 

This research takes on immense importance because of two major events that have transpired 

in non-renewable resource (NRR) commodity markets over the last decade.  First, there has been 

rapid growth in demand and prices of NRRs.  From 2003 through mid-2008, the real prices of 

energy, metals, and non-fuel minerals more than doubled, reversing nearly two decades of subdued 

prices and idled production capacity.  Strong world economic growth in developed countries coupled 

with rapid industrialization and urbanization of large developing countries account for the largest and 

most sustained growth in mineral and energy prices in more than 100 years (World Bank, 2009).  

Despite a sharp reversal in commodity prices due to the global economic downturn of 2008-2009, 

prices have rebounded quickly, as developing countries continue the inexorable process of 
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industrialization.  This sustained rise in mineral and energy prices has led observers to claim the 

world economy has entered the expansionary phase of a new “super cycle” (Heap 2005).  Empirical 

evidence supports this postulation, both in metals prices (Cuddington and Jerrett 2008, and Jerrett 

and Cuddington 2008), and oil and coal prices (Zellou and Cuddington 2012). 

Second, there has been a surge in mineral and energy supply due to the advent of 

technological innovation, particularly in the energy sector.  The “shale revolution” in the United 

States and to a lesser extent Canada, fostered by hydraulic fracturing, horizontal drilling, and other 

enhanced recovery techniques, has changed the energy landscape.  According to the International 

Energy Agency, the U.S. surpassed Saudi Arabia and Russia as the largest producer of liquid fuel 

products in 2013 and will become a net exporter of both oil and gas within the next two decades 

Reuters (2013).  This metamorphosis has transformed both the national economy and local 

economies throughout the U.S. (see Figure 1.1).  One out of every six private sector jobs created in 

the U.S. between 2007 and 2012 was in the oil and gas sector (EIA 2013).  In the U.S. state of North 

Dakota oil production has grown nearly 13 fold from 2001 to 2014, pushing up the state’s per capita 

income ranking from 38th in the nation to 7th overall (EIA 2015; Commerce 2015).  Despite a 

significant retrenchment in oil prices in late 2014 and into 2015, the prospects for tight oil and shale 

gas production in jurisdictions outside North America appear promising.  Countries such as Russia, 

China, Argentina, Canada, and Australia are poised to commence or expand existing production 

(Nülle 2015).  Similarly, nations with significant non-fuel mineral endowments such as Afghanistan 

and Mongolia, the latter of which is home to potentially the world’s largest copper mine, face the 

policy challenge of producing significant volumes of natural reserves while at the same time 

fostering the development of a high value-added manufacturing sector (UNIDO, 2011). 
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Figure 1.1: Major U.S. Shale Formations. Source: EIA 

The rapid and sustained mineral and energy price increases and major technological 

transformations in energy extraction techniques challenge economists and policy-makers to examine 

the question of whether NRR extraction adversely affects traditional export sectors, such as 

manufacturing and agriculture.  The economic literature has attempted to answer this question by 

modeling the effects a sudden “boom” occurring in one sector of an economy has on aggregate 

output and employment as well as each of the economy’s traded and non-traded industries separately.  

The seminal models show that such a boom in mineral and energy production is welfare enhancing to 

the economy in the aggregate (Corden and Neary 1982; Corden 1984).  However, the traditional 

export sector shrinks due to two factors.  First, the booming export sector draws labor away from the 

traditional export sector.  This is known as the Resource Movement Effect (RME).  Second, spending 

on non-traded goods by the factors of production engaged in NRR production instigates a real 

exchange rate appreciation, putting the traditional tradable sector at a competitive disadvantage in 
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world markets, and expands output of the non-traded sector.  This outcome is referred to as the 

Spending Effect (SE).  Combined, the RME and SE are commonly referred to as the model of “Dutch 

Disease” (DD)1. 

Following from these seminal models, the extant literature has largely agreed that these 

economic impacts (or inter-sectoral impacts arising from the RME and SE) occur, but the literature 

differs about the implications and thus arrives at differing policy solutions.  A few paragraphs are 

merited to briefly summarize the literature and identify gaps therein where the key research questions 

of this paper can be fully introduced. 

For many researchers, the macroeconomic and sectoral impacts of a resource boom do not 

seem to present any adverse economic impacts. The seminal booming economy model merely 

describes a series of economic adjustments (changes in wage rates, exchange rate appreciation) 

facilitating an efficient reallocation of a mobile factor to the sector(s) most willing and able to pay for 

the labor services (Neary and van Wijnbergen, 1986; Davis 1995).  In this case, the policy 

prescription for governments is to do nothing, as the economic outcomes are efficient and optimal. 

However, the implications and policy prescriptions change if the inter-sectoral adjustments 

stimulated by an energy boom involve market failures. If economic growth is in large part generated 

by learning-by-doing (LBD) induced technological progress concentrated in the non-energy traded 

goods sector, temporary or sustained declines in the tradable sector attributable to natural resource-

induced booms in production may permanently retard an economy’s rate of growth (van Wijnbergen 

1984). Should the traditional traded goods sector possessing LBD externalities shrink amid an NRR 

boom, a temporary decline in that sector could permanently lower income compared with what could 

                                                      
1 This economic model is more commonly referred to the model as the “Dutch Disease” (DD).  However, because 
academics and policy-makers so frequently (Kojo 2014) misunderstand or misapply the core model assumptions, 
analytical insights, and model extension presented in Corden and Neary (1982) and Corden (1984), this paper 
eschews use of this moniker.  As Davis and Tilton (2005) write, the DD phenomenon is “neither Dutch nor a 
disease.”   
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otherwise have been attained (Hahn and Matthews 1965), rendering the NRR boom a suboptimal 

outcome.   

In this vein, manufacturing is frequently singled out by economists and policy-makers as 

either the sole or principal LBD-generating traded goods sector.  The sector is deemed of immense 

strategic importance to an economy, due to its capital-intensive nature and ability to induce 

technological change and foster multi-factor productivity (UNIDO 2011). The innovation and on-

going and cumulative learning of the sector is thought to spill out across the broader economy 

accelerating rates of economic and per capita income growth (Krugman 1981, Matsuyama 1992, 

Rodrik 2008).  As argued by Arrow (1962), LBD externalities that are industry-specific and external 

to the firm are of sufficient public policy importance that government funded production subsidies 

are warranted.  In accordance with this view, the optimal policy of governments during an NRR 

boom is to increase subsidies to the LBD-rich manufacturing sector to blunt the suboptimal economic 

effects that would otherwise be experienced (van Wijnbergen 1984). 

Although the manufacturing sector is frequently promoted as the sole engine of LBD-induced 

growth, the literature provides little evidence2 to that effect and provides several reasons why 

manufacturing may not be the cornerstone of economic development. First, empirical evidence casts 

doubt on the assertion that the manufacturing sector alone or even most prolifically possesses LBD 

externalities.  Bernard and Jones (1996) show total factor productivity in the agricultural sector 

grows faster than the manufacturing sector in Organization of Economic Cooperation and 

Development countries and Martin and Mitra (2001) arrives at similar results across a broader array 

of countries and a longer time span.   

                                                      
2 Empirical examples showing LBD are found in the aerospace, semiconductor, chemical processing, nuclear 
energy, and wind energy. See Alchian (1963), Irwin and Klenow (1994), Lieberman (1984) Zimmerman (1982), and 
Nemet (2012), respectively, regarding each industry. 
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Second, gains in agricultural and mining productivity have been shown to be fundamental in 

facilitating the emergence of manufacturing, the onset of industrialization, and attainment of high per 

capita incomes in the first place. Blomström and Kokko (2007) stress the centrality of agricultural 

productivity for Swedish and Finnish industrialization, as gains in this sector allowed for the 

accumulation of export earnings and concentration of capital necessary for investment in 

manufacturing, expansion of its non-traded good sectors, and the emergence of these countries as 

highly developed economies.  A similar case occurs in the U.S., which rose to world economic 

preeminence, particularly in the sphere of manufacturing exports, on the basis of substantial mineral 

extraction activities. In 1890, the United States surpassed the United Kingdom in Gross Domestic 

Product per capita and in 1913 attained world hegemony in industrial productivity. Despite having 

mineral deposits of inferior geological properties than competitor countries, the U.S., through higher 

rates of multi-factor productivity, became the world’s leading producer of every major industrial 

mineral of that era (Wright and Czelusta, 2007). The mineral intensity in U.S. manufacturing exports 

increased sharply between 1879 and 1914, the very period in which the country became the world’s 

manufacturing leader (Wright, 1990; Irwin 2000). Similar experiences are apparent in the 

development of modern, industrialized countries such as Canada and Australia.   

While the case for manufacturing-led LBD economic growth seems underwhelming, the 

fundamental point remains that as long as the threatened export sectors possess LBD externalities 

that are greater than the NRR sector, an NRR boom could be welfare enhancing in the short run, but 

welfare diminishing in the long run.  However, in order for any export sector to merit government 

subsidies, the burden of proof placed on economists and policy-makers alike is to furnish 

unequivocal evidence of LBD, which is conspicuously lacking in the literature, whether it is 

manufacturing, agriculture, or mining. 
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Another major concern of NRR booms is that each boom tends to result in a bust that 

introduces adverse macroeconomic effects.  Mineral and energy prices and production are inherently 

volatile, which can lead to sharp fluctuations in NRR-producing nations’ exchange rates, government 

finances, and rates of short and long-term macroeconomic growth (van der Ploeg 2011).  Gylfason, 

Herbertsson, and Zoega (1999) and Aghion et al. (2009) show that heightened levels of exchange rate 

volatility stimulated by booms and busts in natural resource prices tend to reduce NRR-rich nations’ 

accumulation of physical capital, lessen learning in its traditional traded sectors, and retard the 

growth of the financial sector, thereby lowering productivity and long run growth.  Jacobsen and 

Parker (2014) show that after a full 30-year boom-and-bust cycle, communities engaged in 

hydrocarbons extraction in the Western U.S. had lower per capita income and traditional traded 

sector (agricultural) output than if the boom-bust cycle never occurred.  This is added evidence of the 

negative impact an NRR boom (in this case hydrocarbons extraction) can have on the 

macroeconomic indicators such as aggregate welfare and the competitiveness of a major traded 

sector.   

Finally, regardless of whether an NRR boom is short or long-lived, inter-sectoral adjustments 

may not occur instantaneously due to rigidities in goods and factor markets.  As factors of production 

shift to the booming sector, dislocations can occur as firms in other sectors shrink and workers move 

to new jobs.  This is particularly wrenching when factors move intra-nationally between regions, or 

internationally between countries, in response to an NRR boom.  Whether inter-regional or inter-

national, such dislocations produce winners and losers, which may invite government intervention, 

regardless of the existence of an economic justification.  

For one of more of these reasons, academic and policy-making circles have coalesced around 

the notion that the extraction of NRRs automatically comes at the price of diminished output and 

employment in the traditional traded sector and that such an outcome is problematic on economic 
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efficiency or equity grounds.  Nevertheless, this orthodoxy is belied by nearly three decades of 

research on the subject.   

Various theoretical models3 of inter-sectoral adjustments have arrived at outcomes that run 

contrary to the stylized facts.  These converse outcomes include a growing traditional traded sector 

and real exchange rate depreciation amid a “boom” in NRR production.  Empirical results at the case 

study, international, and intra-national level are commensurately striking in the number of instances 

where the traditional tradable sector is not emaciated by the onset of mineral and energy extraction.  

In light of these contradictory outcomes, this paper disagrees with the literature in assuming 

that the effects of an NRR boom on the traditional traded sector, particularly via the RME, is 

inevitable.  Depending on the theoretical model assumptions imposed, empirical estimation strategy 

specified, and data sets chosen, the extant literature is equivocal as to whether a booming non-

renewable resource sector chokes off growth in the traditional traded sector.  The glaring question 

becomes: how does one reconcile the findings of the theoretical models and empirical studies 

pointing to shrinking traditional traded sectors with those models and studies that find thriving 

traditional traded sectors amid an NRR boom?   

The answer offered in this paper is that economic models and studies of booming NRR 

economies may be looking in the wrong place.  Most notably, there are two critical insights missing 

from the literature: 1) labor migration impacts and 2) impacts on the labor-donating region.   

1.1 Problem Statement and Motivation 

 

This contention takes on at least two inter-related dimensions.  First, both the seminal and 

more recent models of inter-sectoral adjustments impose an unduly restrictive assumption – an inter-

sectorally mobile, but fixed domestic labor supply.  This assumption rules out a labor supply living in 

                                                      
3 See, among others, Neary and Purvis (1982), Torvik, (2001), Beverelli et al (2011), and Raveh (2013). 
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a neighboring economy that could be drawn to the booming economy by higher wage rates.  The 

advent of a migrant labor supply could arrest the shift in labor to the NRR sector and ease wage 

pressures in the booming economy by filling vacancies in the traditional traded sectors.  This chain of 

events would potentially mitigate, if not totally obviate, the primary adjustment mechanism by which 

the traditional traded sector shrinks in booming NRR-intensive economies.  Moreover, not only could 

the booming economy avert a dwindling traditional traded sector, it could effectively “export” this 

outcome to the neighboring jurisdiction that provided the migrant labor supply.  An inter-

jurisdictionally mobile migrant labor supply constitutes the transmission mechanism by which a 

shrinking traded sector is transferred from a booming NRR economy to an economy bereft of non-

fuel mineral or energy deposits.  To the extent that LBD externalities meriting production subsidies 

exist in traditional traded sectors4, or policy-makers care about addressing issues of equity that arise 

from the inter-sectoral and inter-regional movements of labor, identifying which sectors are 

adversely affected by an NRR boom and where they are located help provide valuable insights to 

national governments and multi-lateral lending institutions.  The literature is largely silent regarding 

the economic impacts of a booming NRR economy on neighboring regions, making this a major gap 

in the literature that this research paper begins to address. 

The implications are clear and powerful.  Provided labor is free to move between 

jurisdictions in response to relative wage rates, economies experiencing an NRR boom can mitigate 

or even avert shrinking traditional export sectors by admitting a supplementary labor supply of 

migrant workers.  In turn, the non-booming economy experiences emaciated traded sectors by 

yielding a portion of its labor supply to the booming economy.  Consequently, when economists and 

policy-makers are looking for shrinking traditional traded sectors during a boom in mineral and 

                                                      
4 Assessing whether LBD exists in the affected traditional traded sectors, and is in fact greater than the LBD in the 
mineral and energy extraction sectors are critical questions that governments must answer before intervening with 
production subsidies or  second-best policy solutions.  In addition to answering those questions, policy-makers must 
have evidence that a traditional traded sector is shrinking due to the RME in the first place and where it is located.  
This research addresses the latter set of questions, not the existence of LBD externalities themselves. 
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energy prices, they must expand the search to neighboring economies lacking an NRR sector and 

possessing a potential supply of migrant labor. 

Furthermore, by widening the scope of economic modeling to feature an inter-jurisdictionally 

mobile labor supply that can move between non-renewable resource abundant and deficient 

economies, this innovation has the potential to resolve some of the contradictions in the empirical 

literature of NRR booms.  On one hand, those models and studies that provide evidence of a 

shrinking traditional traded sector in the booming NRR economy could be explained by the lack of 

inter-jurisdictional migrant labor flows.  A leading cause of little or no migrant labor flows would be 

institutional barriers erected at the inter-national level.  Nation-states are less prone to admit foreign 

workers than allow their nationals to migrate between provinces in search of higher wage rates.  On 

the other hand, regarding those aspects of the literature where booming NRR intensive economies 

avoided shrinking traditional traded sectors; this outcome could be explained by significant migrant 

labor flows between booming and non-booming jurisdictions.  The introduction of a migrant labor 

supply to the booming non-renewable resource economy helps fill jobs in the traditional traded 

sectors and exports the prospect of shrinking traditional traded sectors to neighboring jurisdictions 

that lost a portion of their labor stocks.   

1.2 Contribution of this Study 

The foregoing discussion gives rise to three tactical questions.  First, how does one 

theoretically model and simulate the inter-sectoral adjustments impelled by the extraction of non-fuel 

mineral and energy commodities that might provide a more definitive answer as to whether a 

shrinking traded sector could be avoided by a booming NRR economy and “exported” to a 

neighboring economy bereft of NRRs?  Second, what level and unit of analysis defined along 

dimensions of geographical, political, and economic organization would yield an empirical 

estimation approach that best accords with the underlying theoretical model and could be 
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extrapolated to higher levels of political, geographical, and economic aggregation?  Third, having 

chosen the appropriate unit of analysis, and then having obtained and evaluated the empirical results 

of the model, what are the implications and recommendations for policy makers?    

This paper attempts to answer these questions by the following means.  First, the research 

presented in this paper relaxes one of the key and arguably unduly restrictive assumptions of models 

of booming NRR economies – an inter-sectorally mobile, but fixed, labor supply.  Heretofore, all but 

a few journal articles5 have proscribed a migrant labor supply response, belying the historical 

experiences of principally Anglo-Saxon countries such as the U.S., Australia, and Canada that have 

been venues of highly elastic migrant labor supply responses to surges in mineral and energy 

production6.   

Second, whereas the economic unit of focus in the overwhelming majority of theoretical 

models and empirical estimation approaches of NRR booms has been at the national level, the 

proposed research adopts a distinctly localized approach.  Specifically, the research focuses on 

counties in the U.S.  The marked penchant of Americans to relocate from one part of the country to 

another in response to economic, educational, climate, family, and other inducements makes U.S. 

counties the ideal level and economic unit of analysis.  At this level, one can readily estimate how the 

traditional tradable sectors of NRR abundant and deficient counties alike respond, in the presence of 

migrant labor flows, to NRR booms.    

Crucially, counties are largely homogenous political jurisdictions allowing one to easily 

control for otherwise problematic effects such as heterogeneous institutions, languages, currencies 

and governments, which typically bedevil cross-country estimations (James and Aadland, 2011).  

Additionally, counties possess rich heterogeneity in terms of economic structure and sectoral 

                                                      
5 These articles are described fully in Chapter 2. 
6 See Cairnes (1921) and Maddock  and McLean (1984) as examples of 19th century labor migration to the gold 
fields of Australia and California. 
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composition that gives rise to sharp distinctions between counties rich in mineral and energy 

resources and counties lacking NRR sectors altogether.  On both accounts, counties provide a unit of 

analysis suitable to counterfactual experiments.  

Extensive quantitative and qualitative data sets for counties are collected and maintained by 

U.S. federal agencies, including total and per capita incomes, total and sectoral employment, and 

labor migration, allowing a researcher to assemble a large and extensive panel data set spanning 

more than 30 years of data. Among the most obscure and unique data sets featured in this paper is the 

county-to-county migration data derived from the Master File of Individual Income Tax Returns filed 

with the U.S. Internal Revenue Service from 1978-2012.   

More importantly, the choice of the smallest unit of political and economic analysis has 

important repercussions for the provincial and national levels.  Recognizing that provinces, states, 

and nations are simply aggregations of local economic units, if the theoretical expectations regarding 

migrant labor supply responses to NRR booms go empirically unobserved at the county level of 

analysis, it is unlikely to be detected at higher levels of aggregation.  For the reasons stated above, 

the exportation of a shrinking traded sector via migrant labor flows from an NRR economy to a 

resource-deficient economy is most likely to be observed at the U.S. county level.  If on the other 

hand migrant labor flows are found to be a means of transmitting a shrinking traded sector from a 

booming to a non-booming county, one can then extrapolate how county-level outcomes might or 

might not translate to higher levels of economic aggregation.   

Finally, by presenting a novel approach to ascertain whether the theoretical propositions of a 

migrant labor supply model of a booming NRR economy are apparent at the U.S. county level, this 

paper addresses two important issues concerning potential policy responses by governments 

undergoing or bracing for the advent of significant NRR extraction within its jurisdiction.  First, 

should a shrinking traditional export sector be a concern in NRR-abundant counties on account of an 
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inelastic migrant labor supply response, one may conclude that a potential government response to an 

NRR boom is a liberal economic migration policy.  Such a policy could enable "foreign" workers 

(whether they live in another county, state, nation) to work in a booming economic unit to stymie 

labor shortages experienced by the traditional traded sector.  Regarding national level policy, insofar 

as there is not enough intra-national labor migration to the booming economic units of the country to 

address labor shortages, immigration policies could be introduced or amended to issue work visas to 

foreign nationals restricting the recipients to working only in the booming county-equivalent 

economies.  Thus, national policy responses to booms in mineral and energy production can be 

tailored to focus specifically on those parts of the country that are affected by the boom, rather than 

applying nation-wide policy responses in a blanket and indiscriminate fashion.  This is particularly 

important if NRR abundant counties avoid a shrinking traditional traded sector by transmitting the 

effects to counties lacking an NRR sector via the labor migration channel.  Insofar as this 

transmission manifests, the focus of national government policy efforts would be counties that lost a 

portion of its labor supply to booming NRR counties, not the NRR counties themselves.  

Furthermore, should a bust occur in the NRR sector, the effects on each county could be different and 

the focus of policy efforts could be directed to the county and sector(s) most adversely affected by 

the shift from boom to bust. 

In that vein, this paper makes at least five unique contributions to the literature of booming 

NRR economies.  First, it extends the literature by relaxing the standard fixed domestic labor supply 

assumption by introducing a supplementary migrant labor supply.  Not only does this paper admit a 

migrant labor supply, an extension entertained in only a few other instances in the literature, it also 

endogenizes the migrant labor supply response, which is unique to the literature.  Second, the 

research seeks to model and empirically estimate whether it is possible for economies undergoing an 

NRR boom to transmit the onset of shrinking traditional export sectors to neighboring economies not 
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undergoing a non-renewable resource boom via cross-jurisdictional migrant labor flows.  No 

previous paper has successfully modelled nor empirically tested the transmission of the RME from 

one economy to another via migrant labor flows. Third, the theoretical model is simulated as a 

computable general equilibrium model to assess the effects inter-regional labor migration has on an 

NRR producing region and a neighboring region lacking an NRR sector amid an NRR boom and 

bust. Despite being general equilibrium models, the seminal and subsequent booming economy 

models have rarely been adapted to a CGE framework and simulated to test the theoretical 

propositions of those models. Fourth, the theoretical model is empirically tested at the most localized 

and appropriate venue of analysis, the U.S. county level that is characterized by institutional 

homogeneity, economic heterogeneity, and a high degree of labor mobility.  Approximately a dozen 

papers7 in the literature have examined the inter-sectoral effects of non-renewable resource booms at 

this level.  Of these papers, only one attempts8 to present a theoretical model of inter-sectoral effects 

before proceeding to an empirical estimation strategy.  None of the papers introduces an exogenous 

or endogenously determined migrant labor supply response into the analysis.  Finally, this paper 

assembles a unique panel data set comprised of county-to-county migration flows based on 

confidential tax filing data to empirically estimate the extent to which inter-jurisdictional labor 

migration flows facilitate the transmission of the RME from booming economies to non-booming 

economies.  The author combined individual files spanning every year of availability from 1978-

2012 into one comprehensive panel data set.  This is the first time in the literature this data has been 

combined into a data set and been used for econometric analysis utilizing the entire sample. 

 

 

                                                      
7 See Black et al. (2005), James and Aadland (2011), Michaels (2011), Marchand (2012), Weber (2012 and 2013), 
Jacobsen and Parker (2014), Allcott and Keniston (2014), Fetzer (2014), Weinstein (2014) and Maniloff and 
Mastromonaco (2014). 
8 Allcott and Keniston (2014). 
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1.3 Methodological Approach 

This research commences with the presentation of a theoretical model of migrant labor 

supply responses to booms and busts in NRR production by relaxing the assumption of a fixed, but 

sectorally mobile, domestic labor supply.  In lieu of a fixed labor supply the proposed model adds an 

endogenous labor supply response based on the inter-regional wage differentials that induce laborers 

in a non-booming economy to move to the booming economy on account of a positive remuneration 

differential in favor of the booming economy.  Labor migration ceases when the regional wage rates 

return to parity.  The theoretical model is then specified as a CGE model whereby it is simulated to 

test the extent traditional tradable sectors shrink in the NRR-abundant economy during the boom and 

if such effects are exported to a neighboring jurisdiction. 

The empirical estimation approach will ascertain whether emaciated traditional export sectors 

exist in U.S. counties engaged in extensive and sustained NRR production.  The empirical estimation 

strategy is primarily designed to measure whether a migrant labor supply response will temper, if not 

altogether obviate, a retreat in the traditional traded sector and export this outcome to adjoining 

counties.   

In order to accomplish these tasks, the empirical strategy will rely extensively on the panel 

differences-in-differences estimation approach that has been widely adopted in the literature since it 

was first introduced by Card (1990) for the purposes of counterfactual analysis.  The empirical 

estimation strategy will rely on a number of public and private data sources, to include federal, state, 

and county government economic statistics, confidential income tax data, and public and proprietary 

sources of hydrocarbons production.  

1.4 Organization of the research 

This research paper is organized as follows.  Chapter 2 is a multi-faceted literature review of 

the journal articles most pertinent to the labor migration model of non-renewable resource booms 
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presented in this paper.  The literature review includes: 1) The traditional or “core” theoretical 

models of NRR booms; 2) theoretical models relaxing the fixed, but sectorally mobile, labor supply 

assumption of traditional models of NRR booms; 3) empirical evidence in cross-country and case 

study studies undertaken at the national level; 4) empirical studies of non-renewable resource booms 

conducted at the sub-state, sub-provincial level of political and economic aggregation.  Chapter 3 

explicates the theoretical labor migration model of non-renewable resource booms, provides a 

numerical simulation thereof, and pinpoints the a priori expectations arising from the model.  

Chapter 4 presents an accompanying empirical estimation strategy that tests the propositions and 

expectations of the theoretical model and discusses the results.  The concluding Chapter 5 addresses 

the policy implications arising from the theoretical model simulation and the corresponding empirical 

results, questions that arise from the results, and identifies avenues for further research. 
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CHAPTER 2 

SELECTIVE LITERATURE REVIEW OF THEORETICAL AND EMPIRICAL MODELS OF 

BOOMING NON-RENEWABLE RESOURCE ECONOMIES 

 

This chapter presents a review of the literature most pertinent to the research questions posed 

by this thesis.  It commences with a recapitulation of the seminal booming economy model that is 

familiar to most economists and policy-makers.  Thereafter it calls to attention simple and more 

advanced extensions featured within the seminal papers themselves that typically go unrecognized in 

the literature and yet arrive at results that run contrary to expectations of the core model.  Having 

highlighted these extensions, the next section considers important extensions to the booming 

economy literature, focusing on attempts to relax the seminal papers’ assumption of a fixed domestic 

labor supply.  Finally, the paper examines the empirical evidence of booming economy effects, 

starting with simple case study and cross-country studies, before moving on to more 

methodologically sophisticated papers of NRR booms conducted at the sub-state, sub-provincial 

level of political and economic aggregation.  

The review of the extant literature provided in this chapter is intended to show the following.  

First, depending on the model assumptions, booming economy effects can be blunted or reversed.  

Second, one of the oft-mentioned, but virtually untested means by which booming economy effects 

can be blunted is through the advent of an outside (migrant) labor supply.  Third, to the extent labor 

migration is formally modeled in the literature it is represented exogenously, refraining from 

identifying what determines the size of migrant flows, the means by which it ceases, and the effect of 

labor outflows on labor-donating regions.  Fourth, given the methodological concerns with case study 

and cross-country regressions at the inter-national level, intra-national, sub-state analysis may be the 

most appropriate means of empirically testing for booming economy effects.  Taken together, in 
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order to appropriately assess the effect of inter-regional labor migration in the booming economy 

context, it is critical that the theoretical model features both a labor-receiving and labor-donating 

region and that the intra-national, sub-state level is the most appropriate method for empirically 

testing and evaluating the a priori expectations arising from the theoretical model.  

2.1       Seminal Model 

Corden and Neary (1982) and Corden (1984) established and further explicated, respectively, 

the core model of the booming non-renewable resource (NRR) economy via application of the 

Ricardo-Viner/Specific-Factors model.  Precursor papers address the same phenomenon in Norway 

(Eide, 1973; Bjerkholt et al., 1981), Kuwait (McKinnon 1976), Australia (Gregory, 1976; Snape, 

1977; Stoeckel, 1979), the Netherlands (Ellman, 1981), and the United Kingdom (Corden, 1981a&b; 

Forsyth and Kay, 1980; 1981; Kaldor, 1981).  Although booming NRR economy policy discussions 

and research endeavors arose because of hydrocarbon discoveries in Northern Europe, formative 

research on the subject primarily occurred “Down Under” with regard to the mining sector, giving 

rise to the nickname of “the Australian model” of the inter-sectoral effects of mineral and energy 

commodity booms in subsequent articles9.   

The emergent reference model of a booming NRR economy model expounded by Corden 

and Neary (1982) and Corden (1984) is a general equilibrium model of a small open economy (SOE) 

producing three goods (non-tradable, energy, traditional traded - manufactures) with energy and 

manufactures prices being exogenously determined by world markets.  Output in each sector is 

produced by a sector-specific factor (capital) to that sector and by labor, which is fixed in supply but 

freely mobile across all three sectors.  All output, including production from the traditional traded 

                                                      
9 As Corden (1996) explains, British economist James Meade is credited for first having written explicitly about the 
so-called Dutch Disease phenomenon when the notion was brought to his attention by Australian economist Eric 
Russel during Meade’s visit to Australia in 1956.  This became the impetus for arguably the very first paper on the 
subject: Meade and Russel (1957).  See footnote 1 for further detail. 
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and energy sectors, is consumed domestically.  The seminal papers mention four scenarios by which 

a mineral or energy “boom” may transpire: 1) a Hicks-neutral or non-neutral improvement in 

extraction technology; 2) discovery and extraction of new energy deposits; 3) exogenous inflow of 

foreign capital into the energy sector; 4) an increase in the world price of energy commodities.  

Analytically, the inter-sectoral adjustments triggered by any of these four catalysts are the same, with 

one exception.  To the extent earnings on foreign capital are repatriated abroad under the third 

scenario, the spending effect, described below, may dissipate relative to the other scenarios.  

Furthermore, the implications of non-neutral technological progress are addressed later in this 

section, as labor-augmenting technological progress may produce results that are the converse of the 

standard Corden and Neary model.  

Focusing on a Hicks-neutral improvement in technology in the energy sector as the catalyst 

of a boom in the energy sector, the model identifies two distinct impacts on the SOE: a Resource 

Movement Effect (RME) and a Spending Effect (SE).   

The RME represents the rightward shift in the energy sector’s demand schedule for labor 

proportional to the technological progress.  The energy sector’s demand for additional labor raises 

the wage rate in that sector, drawing the mobile factor away from the non-tradable and manufactures 

sectors until wages are again equalized across all sectors.  In turn, both the manufactures and non-

tradable sectors experience an absolute decline in output attributable to the reduction in the 

availability of the mobile factor.  In the Corden & Neary terminology, the RME constitutes direct 

“de-industrialization” of the manufacturing sector.   

By contrast, the SE illustrates how spending by factor owners and/or governments accruing 

rents and taxes, respectively, from the energy boom drive up demand for and the price of output in 

the non-tradable sector relative to the price of manufactures.  This change in relative prices is 

construed as an appreciation of the real exchange rate, the price of the non-tradable good in terms of 
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manufactures.  The primary result of the real appreciation of the exchange rate attributable to the SE 

is that labor is drawn out of manufactures and into the non-tradable sector.  The secondary effect is 

the rise in the price of the non-tradable good relative to the two traded goods, which result in some 

demand for the non-traded good shifting towards the relatively less expensive energy and 

manufactures sectors.   

Keying in on the real appreciation of the exchange rate, one can readily apprehend that this 

result is also induced by the RME itself.  The RME draws the mobile factor out of both the non-

tradable sector and manufactures, reducing output in both sectors.  In the absence of an exchange rate 

adjustment, the reduction of output in the non-tradable sector stokes excess demand in the sector - the 

excess demand can only be choked off if a rise in the relative price of the non-tradable output occurs 

– a real appreciation of the exchange rate is required.  As such, both the SE and RME require an 

appreciation of the real exchange rate.  

Figure 2.1 below, taken from Corden (1984), illustrates both effects.  The graph places the 

real exchange rate (Pn) on the vertical axis and the amount of non-tradable output on the horizontal 

axis.  The demand curve shows the demand for non-tradable output at various exchange rates, subject 

to expenditures always equaling income.  The SE shifts the demand curve rightward from D0 to D1 to 

even D2, raising the real exchange rate and drawing resources out of energy and manufactures.  The 

RME is depicted by movements of the supply curve, which is simply a transformation curve between 

the non-traded output and the two tradable goods – energy and manufactures.  The movement of 

labor from manufactures and non-tradables pushes the supply curve leftward, thereby reducing non-

tradable output.  The reduction in non-tradable output at a fixed exchange rate, however, stokes 

excess demand that can be only attenuated by an appreciation of the real exchange rate.  As a result, 

the shift of the supply curve from S0 to S1 induces both a reduction in non-tradable output and an 

additional appreciation of the real exchange rate.  
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Figure 2.1: Graphical Depiction of Resource Movement Effect and Spending Effect Source: Corden 
(1984) 

 

From this model, one can explain and predict the impacts of an energy boom on the three 

sectors.  The manufactures sector is buffeted on several fronts.  First, direct de-industrialization arises 

from the RME, resulting in an absolute decline in manufactures employment and output.  Second, 

indirect de-industrialization attributable to the appreciation of the real exchange rate arises from both 

the reduced output of services (at the pre-boom real exchange rate) due to the RME, and from the 

increased demand for services due to the SE.  The inter-sectorally mobile factor, labor, leaves 

manufactures to work in the energy sector via the RME and the real exchange rate appreciation 

draws labor out of manufactures via the SE and the additional real exchange rate appreciation 

induced by the RME.  Consequently, manufactures output unambiguously declines due to the paucity 

of the mobile factor the sector can employ in production.   

With respect to the non-tradable sector, the expectations are ambiguous.  Non-tradable 

output, relative to the pre-boom equilibrium, will expand or contract depending on the relative 

intensity of the RME and SE.  When the former eclipses the latter, non-tradable output falls and vice-

versa when the SE dominates the RME.  In the case illustrated in Figure 2.1, the shift of the demand 
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curve from D0 to D1 via the SE exceeds the leftward shift of the supply curve from S0 to S1 via the 

RME, which graphically results in an expansion of the non-traded sector output (Equilibrium point E 

> A).   

Most obviously, the energy sector unambiguously expands on account of the boom.  The 

Hicks neutral technological progress in this sector allows it to expand output proportional to the 

extent of the productivity enhancements.   

2.2       Is De-Industrialization Inevitable? 

The Corden and Neary (1982) and Corden (1984) model explained above constitutes the 

“core” or seminal model of booming NRR economies whose key outcomes – 1) an absolute decline 

of non-energy traded sector output, 2) potential augmentation of the non-traded goods sector, 3) real 

exchange rate appreciation – have been embraced as the orthodox explanation of booming economy 

effects by the economic and policy-making communities.  This core model, its analytical insights, 

and anticipated sectoral and exchange rate effects – relative to the counterfactual of no NRR boom – 

comprise what is commonly referred to as the Dutch Disease10, and are the focus of this literature 

review.   

However, the anticipated booming economy effects are not necessarily inevitable.  Indeed, 

several papers in the theoretical literature, beginning with the seminal papers themselves, show that 

not only will the non-traded sector production grow but also the traded sector could as well, thereby 

stimulating pro-industrialization and even attaining a real depreciation of the exchange rate.  

To illustrate this point, one may simply return to the seminal work of Corden and Neary 

(1982).  Subsequent sections of the paper relax the factor specificity to varying degrees.  The first 

such section allows labor to be mobile across the non-tradable and manufacturing sector.  This 

                                                      
10 Throughout this paper the term “booming economy effects”, which comprises the three key outcomes described 
above, substitutes for “Dutch Disease.”   
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manipulation constitutes a caricature of the Heckscher-Ohlin economy facing a variable supply of 

labor equal to the total endowment of labor in the economy less the amount employed by the energy 

sector.  In this case, the RME, in isolation, draws labor away from the non-traded sector and 

manufactures, generating the insights of the Rybczynski11 theorem: output falls in the sector using 

labor most intensively while output increases in the capital-intensive industry.  Assuming the 

manufactures sector is the relatively capital intensive sector in line with the stylized facts, Corden 

and Neary (1982) show that the RME prompts manufacturing output to increase, prompting pro-

industrialization – a possibility obviated in the “core” booming economy model.   

What is more, should one reverse the assumed factor intensity by stipulating labor is used 

most intensively in manufactures (thus, capital is used most intensively in the non-traded sector), and 

analyze the RME again, the capital intensity of the non-tradable increases its output and reduces its 

price, with the opposite occurring in manufactures.  Whilst de-industrialization is again the result of 

the RME, what the partial relaxation of the fixed labor supply assumption and reversal of the stylized 

facts concerning capital intensity shows is that the real exchange rate falls due to the decline in the 

price of the non-tradable good.  In short, a real depreciation previously unattainable in the Corden 

and Neary paper ensues.   

Finally, in a footnote Corden and Neary (1982) re-cast technological progress in the energy 

sector as being biased towards capital rather than being factor-neutral.  When technological progress 

is modeled in this manner, the predicted SE still manifests but the RME is reversed.  The 

technological progress in the energy sector could be sufficiently economical in its use of labor such 

that the mobile factor leaves the energy sector to find work in the traditional traded and non-traded 

sectors.  Rather than demonstrating the inevitability of de-industrialization resulting from a resource 

boom, the seminal paper on the subject itself shows the inverse outcomes are similarly plausible. 

                                                      
11 See Rybczynski (1955) for the well-known theorem. 
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2.3       Relaxing the Fixed Domestic Labor Supply Assumption  

Relaxation of various aspects of the Corden and Neary (1982) and Corden (1984) model in 

the seminal papers themselves offers further opportunities to adjust other aspects of the model, 

including changes in labor supply characteristics.  Indeed, Corden (1984) devotes several sections of 

the paper to qualitative discussions of model extensions such as international capital mobility, 

endogenous terms of trade effects, and even labor migration.  A precursor paper, Helliwell (1981), 

postulates the existence of an “Alberta effect” whereby labor flocks to a booming energy economy 

(e.g. the namesake Canadian province) on account of higher wages on offer and fiscal amenities 

(increased public spending, tax breaks) NRR rents confer to the provincial government.  However, 

only a few papers in the booming economy literature have extended the formative papers to examine 

the possibility of a booming economy “importing” a supplementary labor supply12.  

 Vermulen (2011) and Beine et al. (2014) similarly assess the sectoral effects of inter-

jurisdictional labor flows in a general equilibrium context.  Both papers model two production 

sectors with sector-specific capital and an inter-sectorally mobile labor supply comprised of a 

domestic and an exogenous “foreign” source.  Household consumption assumes homothetic 

preferences over the traded and non-traded goods via a standard constant elasticity of substitution 

utility function.  The corresponding budget constraint requires consumption equal income, with 

income being derived from labor remuneration and capital income earned by citizens on their total 

fixed capital as well as exogenous capital generated from resource rents. 

The main implications from the model are two-fold.  First, non-tradable output, as measured 

by the proportion of labor employed in the non-traded sector, increases with augmentations of 

                                                      
12 An early attempt to relax, albeit via an exogenous means, the Corden and Neary (1982) and Corden (1984) 
assumption of no inter-jurisdictional labor supply movements is Wahba (1998).  Despite being published in a peer-
reviewed journal, the theoretical model presented in that paper is difficult to follow and may suffer from 
mathematical flaws that invalidate the results.  The paper should therefore be viewed with immense skepticism and 
is hence omitted from the literature review. 
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exogenous capital accrued from resource rents.  Here the share of non-traded employment and output 

increases and the traditional non-energy traded sector (e.g. manufacturing) decreases - as anticipated 

by the seminal booming economy models.  Second, non-tradable (tradable) sector output and 

employment decreases (increases) to the extent the total labor supply - indigenous plus exogenous 

labor supply - increases.  The influx of supplementary labor from outside the SOE diminishes 

aggregate marginal labor productivity, prompting tradable sector absorption of a proportion of the 

additional labor, thereby expanding its output.  Overall, the countervailing impacts of exogenous 

income increases due to a resource boom with an exogenously increasing labor supply can attenuate, 

if not obviate, de-industrialization of the traditional tradable sector.   

Admitting importation of mobile capital rather than labor, Raveh (2013) builds a two-region 

capital tax competition model to show how resource rich economies can effectively compete for 

inter-regionally mobile capital and as such, overcome the traditional booming economy effects – 

especially the RME.  Keeping the labor supply immobile and fixed in both the resource-rich and 

resource-poor region, the model identifies a threshold cost of factor mobility below which resource-

abundant regions may generate an Alberta Effect first described by Helliwell (1981).  The theoretical 

model shows how a natural-resource region, like the moniker’s namesake, exploits the fiscal policy 

advantage conferred by taxation of natural resource rents allowing these economies to compete more 

assertively in the inter-regional competition for factors of production.  The result is that such regions 

are successful at attracting significant amounts of capital - potentially reversing the classic Dutch 

Disease effects and in turn transmitting the effects to resource poor regions unable to compete as 

robustly.  In turn, the loss of capital by the region bereft of a natural resource-induced fiscal 

advantage assures its own Dutch Disease effects as the traditional traded sector is crippled because of 

the mobile factor relocating to the resource rich economy.  Consequently, the Alberta Effect 
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presented in Raveh (2013) appears to be a capital-focused version of the same impacts labor 

migration produced in the Vermulen (2011) and Beine et al. (2014) models.  

2.4       Empirical Evidence of Booming Economy Effects 

The multiplicity of models explaining and predicting the circumstances whereby the alleged 

booming economy outcomes - real exchange rate appreciation, absolute decline of the traditional 

traded sector, and absolute expansion of the non-traded goods sector - will or will not transpire leads 

one to look to empirical evidence for or against the presence of such impacts in NRR-producing 

economies.  Like the theoretical models examined in the foregoing sections of this paper, we find the 

empirical evidence is ambivalent.   

Before reviewing the empirical papers, casual observation of booming economy effects 

across time and nations underscores the contradictory empirical findings.  Whereas the literature 

concerning booming economy effects arose in response to the travails of the manufacturing sectors in 

developed, Northern European, oil and gas exporters in the 1970s and early 1980s, manufacturing 

across the world’s major developing oil exporters did not shrink during that epoch.  Only Kuwait and 

Saudi Arabia experienced declining manufacturing production during the period of exceedingly high 

oil prices from 1974 to 1982 (Fardmanesh 1990).  Similarly, Kremers (1986) argues that it is a 

stretch to pin the Netherlands’ shrinking manufacturing sector between 1973 and 1977 on natural gas 

extraction.  Rather, the researchers point to a general economic downturn blighting Western Europe 

during that period, particularly in Germany and France, primary Dutch export destinations.  A closer 

examination of the statistical evidence from the 1970s to mid-1980s indicates the Dutch Guilder 

depreciated in real terms and manufacturing output and exports failed to contract in real terms for the 

same period, despite the alleged ravages of the natural gas boom (Kojo 2014). 

Forsyth (1986) notes Britain’s manufacturing sector recovered after the 1982 recession, 

implying macroeconomic conditions were important in explaining the sector’s poor performance in 
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the early 1980s.  Davis (1995) also notes that Tunisia, a significant mineral and energy producer in 

1970, but not in 1990, had managed to successfully transition from NRR extraction to light 

manufactures by the mid-1990s.  Finally, Krzepkowski and Mintz (2013) show that Canada’s 

manufacturing sector has been shedding jobs since the end of the Second World War as virtually all 

other Western countries have, and this secular decline began well before the oil boom of the 1970s 

and the development of Alberta’s oil sands in subsequent decades.  These historical observations help 

introduce and contextualize the mixed empirical evidence concerning the manifestation of booming 

economy effects in both case study and cross-country research. 

Presented below is a summary of the empirical research, focused at the national level, using 

the booming economy outcomes identified above as the operational definition of what constitutes 

booming economy effects.  As Kojo (2014) notes, there is a tendency among economists and policy-

makers alike to devise definitions of Dutch Disease/booming economy that significantly deviate from 

the insights drawn from the seminal models of Corden and Neary (1982) and Corden (1984).  The 

sections below start with the most elementary empirical research (single country, case study 

exercises) to more sophisticated undertakings (multi-country cross-section and panel regressions). 

The results of this review show that empirical evidence of booming economy effects at the national 

level is weaker than may be commonly assumed.  This may merit a re-think of the appropriate level 

of analysis by which to look for booming economy effects and the most appropriate methodological 

approach needed to arrive at credible results. 

2.4.1   Case Study Evidence 

Studies of singular nations ranging in methodology from qualitative case studies to 

simulations and regression estimates are broadly equivocal in finding empirical evidence of booming 

economy effects.  To illustrate these findings, key papers are briefly mentioned and the multiplicity 

of studies is succinctly summarized in a tabular form. 
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Using a Computable General Equilibrium (CGE) framework for Cameroon, Benjamin et al. 

(1989) shows a boom in that nation’s oil sector tends to expand production of manufacturing but 

depress agricultural exports, and cause a modest appreciation of the real exchange rate – a partial 

booming economy outcome in that there is evidence of a shrinking traded sector and real exchange 

rate appreciation.  A similar finding with respect to the deleterious impact of booming natural 

resource exports on agrarian activity was shown a decade earlier in the Asia-Pacific region (Timmer 

1984), albeit without the use of a CGE model.  Cuddington (1989) assessed whether the 

macroeconomic experiences of commodity-exporting nations undergoing commodity booms in the 

late 1970s - Colombia, Cameroon, Kenya, Nigeria, and Jamaica - adhered to the classic booming 

economy narrative.  Colombia’s real exchange rate appreciated markedly on account of a coffee price 

boom in the late 1970s, which abetted significant real wage gains.  Colombia’s non-coffee exports 

declined concomitantly, with the ratio of non-coffee exports plummeting from 10.7% of real gross 

domestic product (GDP) in 1976 to roundabout the same share as in the mid-1960s (6.6%).  Similar 

outcomes held in Kenya (coffee), Nigeria (petroleum), and Jamaica (bauxite).  Cuddington identified 

these aftermaths as being exacerbated by a penchant for fiscal profligacy following export booms, 

particularly in augmented public and private consumption expenditures and ineffectual capital 

investment programs.  By contrast, fiscal restraint by Cameroon’s government and its dedication of a 

share of oil revenues to finance agricultural export price supports prevented the country’s real 

exchange rate from appreciating in the early 1980s, thereby “immunizing” the traditional export 

sector from “contracting” booming economy effects (Devarajan and DeMelo 1987). 

Pinto (1987) draws a similar distinction when comparing the policy responses of the Nigerian 

and Indonesian governments to the 1970s oil price spikes.  Whilst both countries were similar with 

respect to demographics, reliance on agricultural activities as the chief non-oil export sector, and 

proclivity to impose import-substitution policies to support manufactures, the empirical evidence 
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shows Nigeria’s cavalier fiscal, exchange rate, agriculture, and borrowing policies tended to 

exacerbate classic booming economy effects relative to Indonesia.  The government of Indonesia 

exercised far more fiscal restraint, habitually devalued the exchange rate, and employed market-

based mechanisms in the agricultural sector to ward off real exchange rate appreciation and de-

industrialization in its traditional traded sectors.  Substituting Mexico for Nigeria as the comparison 

nation, Usui (1997) paints a similar picture.  Warr (1986), Usui (1996), Roemer (1994), and Rodgers 

(1998) also arrive at similar conclusions regarding Indonesia’s success in staving off booming 

economy effects. 

 Table 2.1 summarizes the results of nearly 30 years of empirical work. The table shows to 

what extent empirical studies varying across methodological approach, country, and timespan have 

found evidence of booming economy effects when an economy has undergone a natural resource13 

boom or a sudden influx of international aid flows. As described earlier, booming economy effects 

are defined in accordance with Corden and Neary (1982) as 1) an absolute decline in a non-booming 

(e.g. agriculture, manufactures) export sector14; 2) real exchange rate appreciation; 3) an absolute 

expansion of the non-traded goods sector.  

By no means exhaustive, the bevy of case studies nevertheless underscores how mixed the 

empirical evidence is in conclusively demonstrating the inevitability of booming economy effects 

amid a natural resource boom.  For Norway alone, there are at least seven different articles (Bye et 

al., 1994; Hutchison, 1994; Brunstad and Dyrstad,1997; Bjørnland, 1998; Cappelen, Eika, and Holm, 

2000; Larsen, 2006; Gylfason, 2007) examining whether the country has suffered from a real 

exchange rate appreciation and emaciated manufacturing sector due to hydrocarbon extraction.  

Three papers provide evidence supportive of a shrunken manufacturing sector and currency 

                                                      
13 Natural resources are defined as agriculture, non-fuel minerals, or hydrocarbons. 
14 An underlying effect would be evidence of labor leaving the traditional traded and/or non-traded sectors to work 
in the booming sector. 
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appreciation, three find no statistical evidence, and one identifies weak signs of booming economy 

effects.   

Table 2.1: Case study and cross-country studies of booming economy effects 

Publication Case Study Country(ies)/Time Period Booming Economy Effects Present? 

Kamas (1986) Colombia (1970-1984) All three effects strongly present 

Looney (1988/89) Saudi Arabia (1970-1981) Evidence of exchange rate appreciation and 
reduced traded sector outputs. 

Looney (1991) Kuwait (1970-1986) Strong evidence of all three effects from 
1973-1982; muted thereafter 

Younger (1992) Ghana (1970-1990) Yes; effects arise from influx of 
international aid flows 

Feltenstein (1992) Mexico (1974-1987) Evidence of labor moving from traditional 
traded sector to booming sector 

Mikesell (1997) Seven hydrocarbon exporting (developing) 
nationsi; seven mineral-exporting 
(developing) countries (1960-1993) 

No evidence of any effect in more than half 
the case study countries; Notably absent in 
Chile, Papua New Guinea, and Botswana. 

Bjørnland (1998) Norway and the United Kingdom (1976-
1994) 

Exchange rate appreciation and de-
industrialization detected in the U.K., while 
oil production tended to strengthen 
Norway’s manufacturing sector 

Rosenberg and 
Saavalainen (1998) 

Azerbaijan (1994-1997) No effects detected 

Roca (1999) Colombia (1910-1950) All effects present 

Rodriguez and Sachs 
(1999) 

Venezuela (1972-1993) All effects present 

Spilmbergo (1999) Chile (1960-1998) No effects present 

Sala-i-Martin and 
Subramanian (2003) 

Nigeria  (1970-1998) Corruption, not booming economy effects, 
responsible for Nigeria’s anemic economic 
performance 

Olusi and Olagunju 
(2005) 

Nigeria (1980-2003) Absolute decline of the traditional traded 
(agricultural) sector detected 

Larsen (2006) Norway (1960-2002) No effects observed 

Ahrend et al. (2007) Russian Federation and the Ukraine (1995-
2004) 

Real exchange rate appreciation detected, 
but de-industrialization of the 
manufacturing sector avoided in both 
countries 

Mevius and Albarracín 
(2008) 

Bolivia (1996 - 2006) No effects observed  
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Table 2.1 Continued 

Domenech (2008) Spain (1860-2000) Mining activities had positive effect on 
industrialization and manufacturing sector  

Priyati (2009) Indonesia (2002-2008) Mixed evidence; Agricultural and 
manufacturing exports absolutely expanded, 
despite real exchange rate appreciation 

Dobrynskaya and 
Turkisch (2010) 

Russia (1999-2007) Mixed evidence; no evidence of de-
industrialization despite real exchange rate 
appreciation 

Pegg (2010) Botswana (1966-1999) Mixed; no absolute decline of traditional 
export sector, but non-traded sector found to 
expand 

Mainguy (2011) Mali (1995-2008) Inconclusive; traditional export sector 
(agriculture) shrunk but not due to exchange 
rate appreciation or labor movements from 
agriculture to the mining sector 

Algieri (2011) Russian Federation (1993-2009) All effects present 

Al Rawashdeh and 
Maxwell (2013) 

Jordan (1950-2010) No evidence  

Dülger et al. (2013) Russian Federation (1995-2011) Real Exchange Rate appreciation and de-
industrialization detected 

Hasanov (2013) Azerbaijan (2000-2007) Mixed results; Slower growth, but no 
absolute decline in non-oil tradable sector 
and substantial expansion of the non-traded 
sector 

 

To our knowledge, none of the papers identified above took into account the counterfactual – 

would the detected booming economy effects have happened regardless of whether or not a natural 

resources boom occurred? The lack of a counterfactual is an inherent weakness of these papers15.  As 

pointed out by Cuddington (1989), the onset of booming economy effects may be averted or 

aggravated by the policies enacted by the governments of resource-exporting countries.  The lack of 

empirical evidence for booming effects in these case studies may be because of confounding policy 

responses that mitigate or even offset the effects of the boom.  

                                                      
15 The empirical estimation strategy presented in this paper seeks to address this shortcoming through the use of 
difference-in-difference regressions. 
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Thoughtful specification of regression equations that account for the counterfactual as well as 

time and entity-specific fixed-effects helps add greater credibility to reported empirical findings.  

Many of the cross-country results described below control for the time and entity (country) fixed 

effects via use of panel data estimation techniques, while leaving the counterfactual question 

unaddressed.   

2.4.2   Cross-Country Regressions Results 

Among cross-country regressions, clear evidence of a booming sector effects is 

conspicuously lacking. 

In addition to addressing the resource curse question, Sachs and Warner (1997) empirically 

test whether booming economy symptoms are observable in their cross-country dataset of developing 

countries.  The authors find, via the cross-sectional regressions, empirical evidence of slower growth 

in manufacturing value-added in natural-resource-intensive economies.  A related regression finds 

resource-intensive economies did exhibit a higher ratio of services output to manufactures, consistent 

with the booming economy expectation that non-traded output will expand more prolifically in 

resource-abundant economies.  Despite these apparent empirical findings, the results suffer from 

serious flaws.  First, a cross-sectional regression is liable to suffer from omitted variable bias, as it 

does not control for time or entity-specific fixed effects.  Second, Davis (2013) shows the result of 

resource production’s impact on manufacturing output is not robust to country sample, thereby 

casting doubt on the reliability of the findings. 

Furthermore, results distinctly antithetical to Sachs and Warner (1997) are found in a 

contemporary – albeit considerably less – cited paper.  This paper, Hutchison (1994), uses vector 

error correction modeling (VECM) to empirically test whether the development of offshore oil and 

gas sectors adversely affected the manufacturing sectors in the Netherlands, United Kingdom (U.K.), 

and Norway – the very North Sea oil exporters that popularized the booming economy phenomenon 
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in the first place.  The VECM empirical technique allows one to estimate the impact of a booming 

energy sector on traditional tradable good output while disentangling it from other macroeconomic 

factors that may be influencing the waxing or waning of North Sea oil exporters’ manufacturing 

sectors.  More specifically, Hutchison’s other ‘candidate’ factors include hawkish monetary policy, 

spikes in world energy prices, and exchange rate appreciation unrelated to oil and gas extraction 

activities.  

The results show for all three countries that other macroeconomic factors distinct from the 

onset of oil and gas extraction activities were responsible for the deterioration of the North Sea 

nations’ manufacturing sectors.  In the U.K., tight monetary policy and energy price swings were 

instrumental in stifling industrial output.  With respect to the Netherlands – the namesake of the 

booming economy phenomenon – the extraction of natural gas was found to provide a positive, albeit 

small, boost to the country’s manufacturing sector.  While the results for Norway did indicate an 

injurious effect of hydrocarbon extraction on manufacturing, it was found to be short-term in nature.  

More broadly, the author conclusively found no systematic and sustained negative relationship 

between the development of these nations’ energy and manufacturing sectors.   

To underscore further the distinction between the papers above, working papers by Andrew 

Warner both prior and subsequent to the publication of Sachs and Warner (1997) show scant impacts 

of booming economy effects in panel regressions.  Spatafora and Warner (1995 and 1999) perform 

regressions on data of 18 low-income oil-exporters from 1965-89.  The papers indicate that whereas 

non-tradable output growth is spurred by real exchange rate appreciation attributable to energy 

booms, evidence of shrinking traded sectors is scarcely perceptible.  The authors attribute the sparse 

tradable sector findings to the assumed “enclave” sector status of oil; nevertheless, they also show 

that provided capital is readily importable and domestic labor supply is sufficiently elastic, aggregate 

investment increases in oil-intensive economies.  
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More recently, Harding and Venables (2010) find in a panel of 135 countries spanning nearly 

five decades (1975-2007) that every $1 increase in natural resource exports results in a decrease in 

non-resource exports by 50%, an increase in non-resource imports by 15%, and savings of 35%.  A 

follow-on paper, Harding and Venables (2012), applies the same panel estimation approach to 41 

mineral and energy exporters for the period 1970-2006.  The results show a dollar of resource 

revenue receipts decreases non-resource exports by 65%, increase imports by 20%, with the 

remaining 15% being saved.   

Comprehensively examining the fate of 81 separate manufacturing sectors across a panel of 

90 countries from 1977-2004, Ismail (2010) arrives at the following insights.  First, sustained 

increases in the oil price negatively affect manufacturing output - a 10% increase in an oil windfall 

results in a 3.4% decline across manufacturing sectors’ value-added – a booming economy effect.  

Second, capital intensity of manufacturing and the relative factor price of labor to capital increases as 

the size and the duration of the oil windfall increases.  Third, the booming economy effects of oil 

windfalls tend to be less acute in manufacturing sectors possessing relatively higher capital intensity.  

Finally, oil windfalls exert a stronger influence on manufacturing sectors in countries more open to 

foreign direct investment.   

The implications of the second and third findings are that both a more diversified and more 

capital-intensive manufacturing sector tends to ameliorate, from the standpoint of manufacturers, the 

undesirable effects of a booming economy - similar to the contention advanced by Beverelli et al 

(2011).  The model presented in that paper shows that under the assumption of energy being used in 

varying intensities as an input in the multi-industry manufacturing sector, the manufacturing 

industries most resilient amid a technology-led boom in natural resource production are those using 

energy most intensively. Should the boom be instigated by an exogenous increase in NRR prices, 

then the results would run in the opposite direction. The econometric specification and 132-country 
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panel data set employed by Beverelli et al (2011) finds evidence generally supportive of the authors’ 

hypothesis that the negative effect of an increase in the endowment of natural resources on industry-

specific outputs is attenuated in manufacturing industries that intensively use natural resources. 

2.5      Theoretical Models and Empirical Evidence of Local Booming Economy Effects 

Whilst a great deal of empirical work has been performed at the national and inter-national 

level, with mixed results, much less has been done regarding booming economy effects at the intra-

national, sub-state level – a significant gap in the literature (Fleming and Measham 2014).  Intra-

national, sub-state analysis eschews institutional and cultural differences between nations that may 

precipitate spurious correlation (van der Ploeg 2011; Caselli and Michaels 2013).  This level of 

analysis also presumes labor mobility costs are less than at the inter-national level where immigration 

is more tightly restricted (Raveh 2013).   

Methodological concerns are not the only motivator for looking at economic questions 

through a sub-national lens. Advances in information and communications technology, such as 

geographic information systems, have permitted non-governmental organizations to develop more 

detailed surveys at a micro level and national governments to collect and publish more granular 

levels of data. These advances allow researchers to acquire more extensive and specific datasets to 

test new or existing economic questions (Cust and Poelhekke, 2016).  A localized level of analysis 

offers a larger sample size of economic units that increases the reliability of econometric estimates.  

First-order subnational units like states and provinces for example, number nearly 2,000 across the 

globe (Mitton, 2016).  For second-order subnational units the number is even greater.  The U.S. has 

more than 3,000 counties alone, a total 62 times greater than the number of U.S. states and 15 times 

larger than the almost 200 countries of the world.   

Not only do sub-national units present far more data points for a researcher, but the economic 

outcomes experienced by these entities ultimately sums to a net positive or benefit for the nation 
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(Cust and Poelhekke, 2016). Knowing this can help a researcher understand within-country effects, 

pinpoint where the effects do or do not transpire, and identify and test for potential intra-national 

transmission mechanisms.  For these reasons, intra-national, sub-state analysis may indeed be the 

most appropriate level of analysis to empirically test for booming economy effects.  As described 

below, the small body of research that exists in this vein tends to employ panel regression techniques 

to control for time and entity fixed-effects, and many of the papers use the difference-in-differences 

(diff- in-diff) method to control for the counterfactual – what would have happened in the absence of 

an NRR boom. 

Booming economy literature at the sub-state level commences with Black et al. (2005), 

which studies labor market effects of boom and bust in the coal-producing counties of Kentucky, 

Ohio, Pennsylvania, and West Virginia.  Identifying three epochs in the recent history of coal prices 

– the 1970-79 “Boom”, 1978-82 “Peak”, and 1983-89 “Bust” – the authors compare jobs and 

earnings growth and spillovers across industries using the diff-in-diff counterfactual estimation 

technique.  The authors find that while manufacturing earnings per worker in “treatment” (coal) 

counties experience a statistically significant increase during the boom, employment registers a 

minor and statistically insignificant decrease amid the boom relative to non-coal “control” counties.  

The empirical evidence concerning the non-traded sector is commensurately ambiguous, with 

employment growing during the boom in only two of three non-traded sectors examined in the paper 

and earnings not growing statistically significantly in any of the triad of non-traded industries.  The 

authors also attempt to measure how many jobs in the non-coal sectors are created or destroyed for 

every one mining job generated or lost during the boom-peak-bust epochs.  The estimated 

employment multipliers indicate that each mining job generates 0.174 non-traded sector jobs during 

the boom and manufacturing employment shrinks by 0.008 jobs for every one mining job created.  
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Again however, only the non-traded sector multiplier is statistically significant, depriving the Corden 

and Neary (1982) narrative of booming economy effects of empirical evidence at the local level. 

Marchand (2012) finds similar results with respect to sub-provincial units in Western Canada 

engaged in oil and gas production.  Using quasi-experimental diff-in-diff empirical techniques 

analogous to Black et al. (2005), the author finds energy-abundant economies across two energy 

booms and one intervening bust avoid a shrinking manufacturing sector.  The estimated employment 

multipliers for the non-traded goods sectors in the booming energy economies are higher than Black 

et al. (2005) while the multiplier for the manufacturing sector is virtually nil and statistically 

insignificant.  Using the same diff-in-diff method, Weber (2012) and Brown (2014) look at income, 

employment, and job spillover effects arising from the natural gas boom occurring in counties 

situated in the Central and Rocky Mountain regions of the U.S., Weinstein (2014) evaluates shale oil 

and gas producing counties in 20 U.S. states, and Fleming and Measham (2014) examine the same 

variables amid a boom in coal seam natural gas extraction in sub-provincial regions of Queensland, 

Australia.  Each paper arrives at similar results to Black et al. (2005). 

Caselli & Michaels (2013) estimate how petroleum production affects fiscal and economic 

indicators among Brazilian áreas mínimas comparáveis (AMCs) - statistical areas comparable to 

U.S. counties.  Using panel data for more than 3,800 AMCs, the authors’ econometric results of 

sectoral effects show only a scant negative impact of oil production on non-oil industrial sub-sectors 

(manufacturing, construction, utilities) and on non-industrial sectors (services, government, 

agriculture) when oil production occurs offshore.  However, when onshore oil production increases 

by 1 Real, non-oil industrial output shrinks by a quarter of a Real, while non-industrial sectors’ 

output increases by a quarter.  These onshore results are more consistent with the expectations of the 

seminal booming economy models.   
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Michaels (2011) examines long-run oil production effects on employment and demographic 

outcomes in 220 oil-abundant U.S. counties in the south-central U.S. versus the counterfactual non-

oil control counties.  Estimates of oil abundance on employment per square mile indicate that not 

only did the density of mining employment increase significantly over the period 1940-90, but 

manufacturing and agricultural employment density increased as well.  To explain this, Michaels 

turns to the estimates of population growth.  Although population density in 1940 in oil-abundant 

counties was already higher than control counties, population growth in the former outpaced the 

latter by as much as 1% per year through 1990.  Stronger population growth fostered a larger 

population density in oil-abundant counties, thereby furnishing a larger indigenous labor supply16 

capable of meeting demands in the oil and non-oil tradable sectors alike.  The author speculates that 

labor migration is at play in the population growth, but refrains from empirically testing this 

contention.  Overall, the expansion of oil, agriculture, and manufacturing appears to have been 

abetted by strong population growth in oil-abundant counties, providing the requisite labor supply to 

satiate input demand among these production sectors, providing scant evidence in favor of the 

traditional booming economy impacts at the county level.  These findings are echoed in (Weber 2012 

and 2013), which shows U.S. counties experiencing rapid expansion of shale gas production from 

2000-10 did not register a crowding out of the manufacturing sector.  The author found rapid 

population increases in gas-abundant counties arrested sharp gains in wages, placing the RME in 

abeyance.   

Rather than examining the economic impacts of the most recent boom in U.S. oil and gas 

production, Jacobsen and Parker (2014) focus on the first occurrence in the 1970s and its aftermath.  

In view of isolating the impacts of both a boom and bust over both short and long periods of time, the 

                                                      
16 Smith (2015) finds that with the advent of oil and gas extraction several developing and developed countries 
experience significant increases in both the size and quality of its labor force.  The author postulates that the 
augmentation of these oil and gas producing countries’ labor forces may be attributable to an influx of migrant 
workers following the hydrocarbons boom.  
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authors evaluate changes in county-level data from 1969-98 by dividing the timespan into pre-boom 

(1969–74), boom (1975–81), bust (1982–5) and post-bust (1986–98) intervals.  Defining boom 

counties in the western U.S. based on hydrocarbon drilling activity and adopting the diff-in-diff 

empirical estimation method akin to (Black et al. 2005), the authors find that per capita income, 

extraction jobs, and non-tradable sector employment increased in the treatment counties faster during 

the boom than in control counties.  The authors also find statistically significant evidence of a decline 

in tradable sector (agricultural) profits in treatment counties during the boom period, consistent with 

the stylized expectation that the traditional traded sector experiences reduced profits during a 

hydrocarbon boom.  Lastly, the empirical results indicate that once the full 30-year boom-and-bust 

cycle was complete per capita income was nearly 6% lower in the treatment counties than it would 

have been if the boom had never occurred, evidence of a negative impact of hydrocarbons extraction 

on the competitiveness of traditional traded sector (agricultural) output.  

Focusing on the impacts of a change in technology as the driver of an energy boom, Maniloff 

and Mastromonaco (2014) empirically assess the impacts of hydraulic fracturing on aggregate 

employment, income, and firm growth at the U.S. county level.  Utilizing the diff-in-diff method of 

counterfactual analysis and controlling for unobserved and time-varying factors of growth, the results 

indicate the advent of advanced oil and gas extraction techniques stimulated relatively faster job 

growth and wage growth in the treatment counties relative to control counties.  More crucially, the 

evidence from the study is mixed regarding adverse impacts on the traditional traded sector in the 

counties where hydraulic fracturing occurs.  Generally, the empirical estimates indicate that 

remuneration, employment, and the number of firms in the manufacturing sector were not negatively 

affected by shale oil and gas development.  However, when controlling for the tightness of labor 

markets via unemployment rates and a county’s level of exposure to the oil and gas industry prior to 

the introduction of hydraulic fracturing, the authors find evidence of wage pressures on the 
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traditional manufacturing sector when county unemployment is low and there is little prior industry 

exposure.   

Similarly evaluating the economic impact of hydraulic fracturing on U.S. county-level 

outcomes, Fetzer (2014) finds no evidence that the manufacturing sector in shale oil and gas 

producing counties shrink.  To explain these findings, the author asserts, but does not empirically 

test, that shale oil and gas extraction lowers energy prices in the counties in which the activity occurs.  

To the extent manufacturing firms predicate site selection decisions on energy costs, a relatively 

lower cost of electricity provides shale oil and gas producing counties a comparative advantage in the 

inter-jurisdictional competition for manufacturing jobs.   

Finally, in a preliminary working paper Allcott and Keniston (2014) acquire restricted-use 

firm-level industrial output data to answer the following questions on the U.S. county level:  1) 

whether counties experiencing a resource “boom” undergo a contraction in non-energy tradable 

output; 2) whether prices and production of counties’ non-tradable sectors increase amid an energy 

boom; 3) whether LBD productivity in the manufacturing sector is impaired by resource booms such 

that non-resource intensive counties’ manufacturing sectors grow significantly faster than energy-

abundant counties.  The authors find manufacturing productivity growth in energy-abundant counties 

is diminished relative to control counties, but manufacturing employment and output both 

nevertheless rise during booms.  This finding is important, in that it implies manufacturing growth in 

energy-abundant counties is positively correlated with increases in employment and output in the 

counties’ oil and gas sector, suggesting the anticipated adverse effects of an NRR boom on the non-

energy traded (manufacturing) sector are absent – just as Black et al. (2005), Michaels (2011), 

Marchand (2012), Weber (2012 and 2013), Fleming and Measham (2014), Fetzer (2014), and 

Maniloff and Mastromonaco (2014) show.   
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2.6       Conclusions 

Several observations arise from the review of the economic research testing for empirical 

evidence of booming economy effects at the intra-national, sub-state level.  First, by using intra-

national, sub-state regions as the unit of analysis, these papers are able to surmount many of the 

empirical challenges such as small sample size and institutional and cultural differences between 

nations that typically bedevil multi-country regressions.  Second, the sub-state regressions generally 

employ the most advanced empirical techniques, panel diff-in-diff regression, that control for both 

time and entity fixed effects as well as the counterfactual (what would have happened in the absence 

of an NRR boom) via assignment of “treatment” and “control” units.  Critically, such techniques are 

largely absent in the empirical literature of NRR booms at the inter-national level. 

Third, when one combines the first and second observations, the empirical results are not 

only more reliable, but the empirical evidence is much more demonstrative in showing that there is 

little evidence of booming economy effects – principally the traditional traded sector did not shrink 

during an NRR boom. Each of these observations speaks to the assertion made in the introduction of 

this paper that the empirical literature concerning booming economy (Dutch Disease) effects have 

differing results because of differing levels of analysis.  Additionally, the papers at this level tend to 

suggest population growth, a proxy for labor migration, tend to mitigate the RME.  None of these 

papers, however, empirically test for the role of labor migration amid an NRR boom. 

Finally, of the approximately one dozen17 papers in the literature have examined the inter-

sectoral effects of NRR booms at the sub-state/provincial level, only one attempts to present a 

theoretical model18 of inter-sectoral adjustments before proceeding to an empirical estimation 

strategy.  None of the papers introduces an exogenous or endogenously determined migrant labor 

                                                      
17 In addition to the papers cited in the text, Marchand (2013) examines the impacts of energy booms on income 
distribution in Western Canada.  
18 Allcott and Keniston (2014) 
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supply response into the analysis.  It is here where this paper contributes to the body of booming 

NRR economy literature, by presenting and simulating as a CGE, a theoretical model that introduces 

an endogenous labor supply response paired with a panel diff-in-diff empirical estimation strategy 

that tests for the impact of migrant labor flows at the U.S. county level. The next chapter addresses 

the theoretical model. 
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CHAPTER 3 

LABOR MIGRATION MODEL OF NRR BOOMS 

 

This chapter presents a booming economy model that relaxes the standard fixed labor supply 

assumption, simulates it as a computable general equilibrium (CGE) model, and highlights the 

model’s a priori expectations.   The central focus of the model is to demonstrate whether inter-

regional labor migration flows can reduce, or altogether obviate the Resource Movement Effect 

(RME) anticipated by Corden and Neary (1982) and Corden (1984).  The model focuses on short-

term effects of an NRR boom, abstracting away from intertemporal and long-run issues like learning-

by-doing (LBD) in the traditional traded sector, saving, income smoothing, and corresponding policy 

interventions.  While such issues are a major concern in the booming economy literature, as 

addressed by van Wijnbergen (1984) and summarized by van der Ploeg (2011), before such matters 

can be addressed one must establish whether inter-regional labor migration can temper, if not 

altogether obviate, the RME in the booming region and transfer part or all of the effects to a region 

lacking NRR production altogether.  To study booming economy effects, one must establish where 

the effects arise before longer run issues or appropriate policy responses, if merited, can be tailored.  

 The general equilibrium model presented below is laid out in several steps.  First, it 

introduces in a general fashion the production sectors, inputs, and representative consumers of the 

model. Second, it presents the model as a complementary problem, laying out the system of weak 

inequalities and complementary variables that are solved as a CGE problem.   Third, the specific 

functional forms used in the model are presented. Thereafter, the model is simulated with a 

counterfactual experiment, represented as a technology-induced boom in the energy sector, to 

determine whether inter-regional labor migration can indeed transmit the RME from a booming 

region to a non-booming region.  The simulation approach and results are compared with previous 
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work in the booming economy literature as well as the broader class of models that feature labor 

migration as part of a CGE model.  Finally, model limitations are identified and a priori expectations 

of the model are enumerated in advance of the empirical testing presented in the next chapter of this 

thesis. 

3.1       Model overview: Production and Consumption in a Two-Region Model  

Consider a one-period general equilibrium model of two regions: a non-resource region, 

denoted as Region 1 and an NRR-abundant region denoted as Region 2. Region 2 features three 

production sectors akin to Corden and Neary (1982) and Corden (1984).  The production sectors are 

Non-tradable (N), Energy (E), and the traditional traded or base sector (e.g. manufactures, 

agriculture) (B).  The generalized production functions for Region 2 are19 

= , , ,             (3.1) 

 = , , ,            (3.2) 

   = , , .               (3.3) 

Region 1 features only two of the three production sectors (N and B) with production 

functions 

= , , ,             (3.4) 

 = , , .             (3.5) 

Output in each sector and region is produced by a sector-specific technology term (A), a fixed 

specific factor (capital - K) to that sector, and by labor (L), which is inter-sectorally mobile and 

                                                      
19 Subscripts denote the production sector as well as the region, where appropriate. 



45 
 

moves between production sector in each region to equalize its rate of remuneration across those 

sectors.  All factors of production are fully employed in the model.  Labor receives remuneration via 

a regional wage rate (w) that is endogenously determined by the interaction of supply and demand for 

its services, and capital earns rent (PK).  Additionally, both labor and capital are fully employed and 

fixed in supply in each region and each region initially20 has the same size labor supply ̅ = + ,                                                   (3.6) = ,                                                  (3.7) = + ,                                               (3.8) = + + .                                               (3.9) 

Production of both goods in Region 1 entails all of the same characteristics and functions as 

Region 2.  While located within the same country, each region does not trade with one another; rather 

each exports to the Rest of the World (RoW). The energy and manufactures goods produced in 

Region 2 and the manufactures produced in Region 1 are traded internationally (not consumed 

domestically) at exogenously determined world prices (, ) and ( ).  Each region receives 

imported goods (IM) from the RoW proportional in value to the energy and manufacturing exports21 

(EX). The one-to-one conversion of exports to imports is mediated through a foreign exchange (FX) 

market22. 

                                                      
20 Disequilibrium shocks, presented below, will allow for inter-regional labor migration that will result in one region 
having a larger labor force than the other region. 
 
21 This facet of the model simply ensures that the general equilibrium simulation presented below actually runs.  
Having each region trade its exportable goods at a one-to-one exchange rate for an imported good from the RoW 
simply restricts consumption in both regions to the sum of non-traded output and the imported good.  Again, it is 
important to clarify that the value of the imported good is equal in value to the amount of goods produced for export 
by each region. If instead each region consumed every good it produced, Region 2 would consume three different 
goods and Region 1 would consume two goods, which complicates specifying and coding the labor migration 
equations in the general equilibrium simulation.   
 
22 Ibid. Footnote 5. 
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The non-traded goods output plus the imported goods constitute the total amount of goods 

available for consumption in each region.  To that end, there are nine representative consumers in the 

model.  These consumers can be grouped into four categories.  The first category is Region 1 sector-

specific consumers, which include the non-traded goods capitalist (CONSKN1) and the manufactured 

goods capitalist (CONSKB1).  The second group of consumers is comprised of Region 2 sector-

specific capitalists: 1) non-traded goods capitalist (CONSKN2); 2) manufactured goods capitalist 

(CONSKB2), and the 3) energy sector capitalist (CONSKE). The third and fourth groups are 

comprised of the labor supply, both domestic and migrant labor.  The third group is of the domestic 

variety, which includes the initial Region 1 labor supply that remains in Region 1 (CONSL1) in 

response to a disequilibrium shock (an energy boom) in Region 2 and the initial Region 2 labor 

supply that remains in Region 2 (CONSL2).  The fourth and final group is the proportion of the initial 

Region 1 labor supply that migrates from Region 1 to Region 2 in response to a disequilibrium shock 

(CONSL12) and the proportion of the initial Region 2 labor supply that migrates from Region 2 to 

Region 1 (CONSL21) in response to a disequilibrium shock. 

 Each consumer maximizes utility or welfare (W)23 by consuming as much of the total output 

available in the region (the aggregate value of region-specific non-traded output and imported good 

received from exports of traded goods production) as possible, subject to the income constraint of 

each consumer.  Income received by each consumer is derived from remuneration for employment of 

its endowment (wages in the case of labor, rent in the case of the sector-specific capitalists).  Migrant 

labor moving from Region 1 to Region 2 receives the wage rate in Region 2, while migrant labor 

moving from Region 2 to Region 1 receives the wage rate of Region 1. Migrants to Region 2 spend 

their wages on Region 2 output and migrants to Region 1 spend the wages earned in Region 1 on 

Region 1 output.  For the nine consumers described above the general utility functions are  

                                                      
23 Uppercase (W) is denoted as welfare, whereas lowercase (w) is denoted as a wage rate. 
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 �   = , � ,                                                                                      (3.10) 

�    = , � ,                                                                                      (3.11) 

�   = , � ,                                                                               (3.12) �    = , � ,                                                                              (3.13) 

�    =  , � ,                                                                                           (3.14) �    = , � ,                                                                                           (3.15) �    = , � ,                                                                                           (3.16) �    = , � ,                                                                              (3.17) �    = , � .                                                                             (3.18) 

 

 Labor migration (M)24, expressed as the proportion of initial Region 1 labor supply that 

migrates to Region 2 in response to a disequilibrium shock, itself is a function of the differential of 

real wage rates (̅) in Region 1 and Region 2, generally expressed as  

= ̅ − ̅ , = , ′ > ,           (3.19) 

To understand how the real wage rate is derived, total output in Region 1 can be expressed as 

= , , , , ′ > , ′′ < ,          (3.20) 

where total output is a function of the output of the Region 1 non-traded good and traditional traded 

good outputs, which from equations (3.4, 3.5, and 3.8) above are a function of the amount of labor in 

the region and the technology terms and sector-specific capital stocks of the region’s two production 

sectors.  Furthermore, ′ is the derivative of  with respect to  the only variable factor among the 

production sectors of Region 1. 
                                                      
24 This general representation of labor migration follows the model of Harris and Todaro (1970).  How these 
equations are specifically expressed in the MPSGE/GAMS syntax model is explained in the next section. 
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 Similarly, total output in Region 2 can be expressed as 

= ℎ , , , , , , , ℎ′ > , ℎ′′ < ,      (3.21) 

where total output is a function of the output of the Region 2 non-traded, traditional traded, and 

energy sector outputs, which from equations (3.1-3.3, and 3.9) above are a function of the amount of 

labor in the region and the technology terms and sector-specific capital stocks of the region’s three 

production sectors.  Note that  ℎ′ is the derivative of ℎ with respect to  the only variable factor 

among the production sectors of Region 2. 

 Second, let the price ( ) of Region 1’s output be set in terms of the Region 2 output 

= , ′ > ,                                                                (3.22) 

so that the price of Region 1 output, from the perspective of potential migrant laborers, of Region 1 

output is a function of the relative outputs of Region 1 and Region 2 when the latter serves as the 

numeraire. 

 From here the real wages in Region 1 and 2 can be written as  

̅ = ′,                                                                           (3.23) 

̅ = ℎ′,                                                                           (3.24) 

where the real wage in Region 1 is equal to the value of the marginal product of labor expressed in 

terms of Region 2’s output and the real wage in Region 2 is simply the marginal product of labor in 

Region 2 expressed in terms of Region 2’s output. 

 Substituting equations (3.23 and 3.24) back into (3.19) we see that  

= ( ′ − ℎ′), = ,  ′ > ,                           (3.25) 
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migration is a function of the real marginal products of labor in each region, which are in turn a 

function of sectoral outputs in each region and the production functions that underpin them (sector 

specific capital, sector-specific technology, and variable labor).  Labor migration is a disequilibrium 

phenomenon in the model that occurs due to a shock (technological progress/regress in a sector, 

increase/decrease in sector-specific capital).  A post-shock equilibrium is attained when labor moves 

from one region to the other until real wage rates are again equal.  Any increase in labor supply in 

one region results in a decrease in labor supply in the other region. 

 With the conceptual elements of the general equilibrium model in place, we can now describe 

specifically how the model is set up and solved as a complementarity problem in a CGE framework. 

3.2       Solving the General Equilibrium Model as a Complementarity Problem 

The general equilibrium model presented above is solved via the Mathematical Programming 

System for General Equilibrium Analysis (MPSGE).  Designed by Rutherford (1999) to solve CGE 

models, MPSGE relies on the mathematical programing language and software of the General 

Algebraic Modeling System (GAMS), a sub-system within the GAMS framework.  The major 

advantages of the MPSGE approach is that it provides a concise, structured, and simplified method of 

specifying, calibrating, and solving general equilibrium models, enhancing accessibility to would-be 

modelers (Markusen and Rutherford 2004).   

As with any other CGE model, MPSGE identifies all economic agents, factors of production, 

consumption and production functions and accounts for all flows to arrive at equilibrium prices, 

quantities, and incomes (Paltsev 2004).  An economic equilibrium in an MPSGE model satisfies a 

non-linear system of equations in which there are three types of equilibrium conditions, one for each 

class of variable. The three types of equilibrium conditions are zero-profits among production 

sectors, clearance of all markets, and consumption not exceeding consumer income.  The general 

equilibrium models written in MPSGE are specified as a system of weak inequalities, with each 
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inequality associated with a particular non-negative variable such as a price, quantity, or income. If a 

particular weak inequality holds as an equation, then the associated variable is strictly positive. If it 

holds as a strict inequality, then the associated variable is zero (Markusen and Rutherford 2004). The 

general equilibrium model specified and solved in MPSGE is a square system of weak inequalities, 

each with an associated non-negative variable (e.g. profits, commodity prices, and incomes). These 

types of problems are generally referred to as complementarity problems with the associated non-

negative variables being complementary variables.  Scarf (1973) and Mathiesen (1985) showed that 

the Arrow-Debreu general economic equilibrium model could be specified and solved as a 

complementary problem. The MPSGE program written to simulate the theoretical model presented in 

this dissertation relies on the examples25, papers, online course notes26, and direct assistance from Dr. 

James Markusen, Professor of International Economics at the University of Colorado – Boulder.  See 

Appendix A for further details.  The presentation below of how the CGE model of this thesis is built 

in the MPSGE syntax closely follows the description set forth in Markusen and Rutherford (2004). 

First, having identified the production sectors, commodities (inputs and final goods) and 

consumers, cost minimization problems are created for producers and consumers, so that individual 

optimizing behavior is embedded in the model. The cost functions are specified for each production 

sector, which provide the minimum cost of producing a good at given factor prices. For the goods-

producing sectors described above, the unit cost (c) function for each is specified as follows, starting 

with Region 2 

� = , ,            (3.26) � = , ,          (3.27) � = , .            (3.28) 

                                                      
25 See Markusen and Rutherford (1995) 
26 Simulation Modeling in Microeconomics Course - http://spot.colorado.edu/~markusen/teaching.html  

http://spot.colorado.edu/~markusen/teaching.html
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The unit cost function for each goods-producing sector in Region 2 is a function of the 

regional wage rate (w2) and the rental rate of the sector-specific capital (PK) – the price of inputs.  

Region 1 has analogous cost functions 

� = , ,           (3.29) � = , .         (3.30) 

 

For consumers, simple expenditure functions are specified, expressing the minimum cost at 

given commodity prices of buying one unit of welfare (W).  For the nine representative consumers, 

the expenditure (e) function for each is 

� = � � , ,        (3.31) 

� = � � , ,        (3.32) 

� = � � , ,        (3.33) 

� = � � , ,        (3.34) 

� = � � , ,        (3.35) 

� = � � , ,         (3.36) 

� = � � , ,         (3.37) 

� = � � , ,       (3.38) 

� = � � , ,       (3.39) 

The expenditure functions indicate that welfare for each consumer is derived from 

consumption of the non-traded good and imported good of each region.  To produce W, the non-

traded good must be purchased with income (I) received by each consumer.  Equations (3.38) and 
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(3.39) indicate that migrant laborers’ consumption decisions are based on the price of output in the 

region in which they migrate to, not the region where they come from. 

For each of the unit cost and expenditure functions, Shepard’s lemma and the envelope 

theorem show that the partial derivatives of these functions can be expressed as quantities. For 

example, in the case of Region 2’s energy production sector, the sector’s optimized demand for labor 

and sector-specific capital per unit of output is expressed as  

 ��� = � � ,             (3.40) 

 �� = � .             (3.41) 

 

 
  

Similarly, the energy sector capitalist’s demand for the Region 2 non-traded good per unit of 

utility is 

� �� = .            (3.42) 

 

As described above, the MPSGE incorporates complementarity to represent production and 

consumption decisions and then optimizes these decisions across all market participants.   The 

general equilibrium model is specified as a system of weak inequalities, with each inequality 

(equilibrium condition) associated with a particular non-negative variable such as a price, quantity, or 

income. If a particular weak inequality holds as a strict equality, then the associated variable is 

strictly positive. If the equation holds as a strict inequality, then the associated variable is non-

binding (slack) and equal to zero.  

Now we are in a position to specify general equilibrium as the solution to a square system of 

weak inequalities (equilibrium conditions) and unknowns (complementary variables). Table 3.1 lays 
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out the inequalities and complementary variables for the first type of equilibrium condition: zero-

profits. 

Table 3.1: MPSGE Equation Specification – Zero-Profit Conditions 

Equilibrium Condition Inequality Complementary 
Variable 

Equation 
No. 

Non-positive profits for Region 1 
Traditional Traded Good 

� ( , )   (3.43) 

Non-positive profits for Region 1 Non-
traded Good 

� ( , )   (3.44) 

Non-positive profits for Region 2 
Energy good 

� ( , )   (3.45) 

Non-positive profits for Region 2 
Traditional Traded Good 

� ( , )   (3.46) 

Non-positive profits for Region 2 Non-
traded Good 

� ( , )   (3.47) 

Non-positive profits for converting 
Region 1 Traditional Traded sector 
output into exports 

� ( )   (3.48)  

Non-positive profits for converting 
Region 2 Traditional Traded sector 
output into exports 

� ( )   (3.49) 

Non-positive profits for converting 
Region 2 Energy sector output into 
exports 

�   (3.50) 

Non-positive profits for converting 
Region 1 Traditional Traded sector 
foreign exchange into an imported 
good consumed alongside Region 1 
non-traded production 

��  �  (3.51) 

Non-positive profits for converting 
Region 2 Traditional Traded sector 
foreign exchange into an imported 
good consumed alongside Region 2 
non-traded production 

��  �  (3.52) 
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Table 3.1 Continued 

Non-positive profits for converting 
Region 2 Energy sector foreign 
exchange into an imported good 
consumed alongside Region 2 non-
traded production 

��  �  (3.53) 

Non-positive “profits” for producing 
utility for the initial Region 1 labor 
supply that stays in Region 1 in 
response to a disequilibrium shock 

� � ,   (3.54) 

Non-positive “profits” for producing 
utility for the initial Region 2 labor 
supply that stays in Region 2 in 
response to a disequilibrium shock 

�   (3.55) 

Non-positive “profits” for producing 
utility for the proportion of the initial 
Region 1 labor supply that migrates to 
Region 2 in response to a 
disequilibrium shock 

� � ,   (3.56) 

Non-positive “profits” for producing 
utility for the proportion of the initial 
Region 2 labor supply that migrates to 
Region 1 in response to a 
disequilibrium shock 

� � ,   (3.57) 

Non-positive “profits” for producing 
utility for the Region 1 Non-traded 
good capitalist 

� � ,   (3.58) 

Non-positive “profits” for producing 
utility for the Region 1 Traditional 
Traded good capitalist 

� � ,   (3.59) 

Non-positive “profits” for producing 
utility for the Region 2 Non-traded 
good capitalist 

� � ,   (3.60) 

Non-positive “profits” for producing 
utility for the Region 2 Traditional 
Traded good capitalist 

� � ,   (3.61) 

Non-positive “profits” for producing 
utility for the Region 2 Energy good 
capitalist 

� � ,   (3.62) 
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In accordance with the cost and expenditure functions laid out in equations (3.26-3.39) 

above, each inequality states that if production of economic goods or welfare (in the case of the 

consumer) is positive, the value of inputs must be equal or greater than value of outputs, resulting in 

zero profit.  Otherwise profit is negative, and no production occurs - the complementary variable 

value is zero. The production activity increases until marginal cost equals marginal revenue, and the 

corresponding complementary variable for a zero-profit condition is always output. 

The second set of equilibrium conditions requires the clearance of all markets, which are 

displayed in Table 3.2. 

Table 3.2: MPSGE Equation Specification – Market-Clearing Conditions 

Equilibrium Condition Inequality Complementary 
Variable 

Equation 
No. 

Market-clearing condition, 
Region 1 Non-traded good 

= , ∗  (3.63) 

Market-clearing condition, 
Region 1 Traditional Traded 
good 

= , ∗  (3.64) 

Market-clearing condition, 
Region 2 Non-traded good 

= , , ∗∗  (3.65) 

Market-clearing condition, 
Region 2 Traditional Traded 
good 

= ( , , ) ∗∗  (3.66) 

Market-clearing condition, 
Region 2 Energy good 

= ( , , ) ∗∗  (3.67) 

Market-clearing condition, 
foreign exchange 

= ( , , )  (3.68) 

Market-clearing condition for 
producing utility for the initial 
Region 1 labor supply that 
stays in Region 1 in response 
to a disequilibrium shock 

� � /   (3.69) 
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Table 3.2 Continued 

Market-clearing condition for 
producing utility for the initial 
Region 2 labor supply that 
stays in Region 2 in response 
to a disequilibrium shock 

� � /   (3.70) 

Market-clearing condition for 
producing utility for the 
proportion of the initial Region 
2 labor supply that migrates to 
Region 1 in response to a 
disequilibrium shock 

� � /   (3.71) 

Market-clearing condition for 
producing utility for the 
proportion of the initial Region 
1 labor supply that migrates to 
Region 2 in response to a 
disequilibrium shock 

� � /   (3.72) 

Market-clearing condition for 
producing utility for the 
Region 1 Non-traded good 
capitalist 

� � /   (3.73) 

Market-clearing condition for 
producing utility for the 
Region 1 Traditional Traded 
good capitalist 

� � /   (3.74) 

Market-clearing condition for 
producing utility for the 
Region 2 Non-traded good 
capitalist 

� � /   (3.75) 

Market-clearing condition for 
producing utility for the 
Region 2 Traditional Traded 
good capitalist 

� � /   (3.76) 

Market-clearing condition for 
producing utility for the 
Region 2 Energy good 
capitalist 

� � /   (3.77) 

Market-clearing condition 
Region 1 Labor Supply 

∗∗∗ � � + � �   (3.78) 
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Table 3.2 Continued 

Market-clearing condition 
Region 2 Labor Supply 

∗∗∗ � � + � � + � �   (3.79) 

Market-clearing condition 
Region 1 Non-traded sector-
specific capital supply 

∗∗∗ �   (3.80) 

Market-clearing condition 
Region 1 traditional traded 
sector-specific capital supply 

∗∗∗ �   (3.81) 

Market-clearing condition 
Region 2 Non-traded sector-
specific capital supply 

∗∗∗ �   (3.82) 

Market-clearing condition 
Region 2 traditional traded 
sector-specific capital supply 

∗∗∗ �   (3.83) 

Market-clearing condition 
Region 2 energy sector-
specific capital supply 

∗∗∗ �   (3.84) 

*    Where W = the welfare of consumers CONSKN1, CONSKB1, CONSL1, and CONSL21 
**  Where W = the welfare of consumers CONSKN2, CONSKB2, CONSL2, and CONSL12 
*** Denotes optimized value for factor markets (regional labor supply, sector-specific capital)  

 

The market clearance condition requires that every market (final good, factors of production, 

or welfare production in the case of the consumers) must have a balance between supply and demand 

and a positive price for the final good, factor, or welfare in question; otherwise, any good in excess 

supply must result in a zero price. For final goods, the price of the good is the complementary 

variable. For each factor market the regional wage (w1, w2) is the complementary variable for the 

Region 1 and Region 2 labor market, respectively, and the price of sector-specific capital is the 

complementary variable for each sector-specific capital market. For consumer utility (welfare) the 

price of obtaining one unit of welfare (PW) is the complementary variable.    

The third type of equilibrium condition in the MPSGE model that is depicted in Table 3.3 is 

the income balance equation, requiring that the total value of consumption of each representative 



58 
 

consumer not exceed the value of the consumer’s factor endowment, whether labor or sector-specific 

capital.   

Table 3.3:  MPSGE Equation Specification – Income Balance Conditions 

Equilibrium Condition Inequality Complementary 
Variable 

Equation 
No. 

Income balance for the initial Region 1 labor supply 
that stays in Region 1 in response to a 
disequilibrium shock 

� �  � �  (3.85) 

Income balance for the initial Region 2 labor supply 
that stays in Region 2 in response to a 
disequilibrium shock 

� �  � �  (3.86) 

Income balance condition for the proportion of the 
initial Region 2 labor supply that migrates to 
Region 1 in response to a disequilibrium shock 

� �  � �  (3.87) 

Income balance condition for the proportion of the 
initial Region 1 labor supply that migrates to 
Region 2 in response to a disequilibrium shock 

� �  � �  (3.88) 

Income balance condition for the Region 1 Non-
traded sector-specific capitalist 

� �  � �  (3.89) 

Income balance condition for the Region 1 
Traditional Traded sector-specific capitalist 

� �  � �  (3.90) 

Income balance condition for the Region 2 Non-
traded sector-specific capitalist 

� �  � �  (3.91) 

Income balance condition for the Region 2 
Traditional Traded sector-specific capitalist 

� �  � �  (3.92) 

Income balance condition for the Region 2 Energy 
sector-specific capitalist 

� �  � �  (3.93) 

 

 The complementary variable to an income balance equation is simply the income of that 

agent (Markusen and Rutherford, 2004).  In the MPSGE formulation the complementarity conditions 

only relate to market clearance and zero-profit conditions. The income balance condition merely 
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serves as a substitute for the income equation and does not exhibit complementary slackness with the 

value of representative consumer’s factor endowment of labor or capital (Paltsev 2004). 

 The last type of equilibrium condition incorporated into this general equilibrium model does 

not fall within the three traditional categories and is essential to model inter-regional labor migration 

in response to wage differentials. In order to do this in MPSGE, auxiliary variables are named and 

constraint equations are added to the model. Auxiliary variables are supplementary variables that are 

functions of other variables, such as quantities and prices, already specified in the model as part of 

one of the three types of equilibrium conditions and its associated equations and complementary 

variables. As described by Rutherford (1995), auxiliary variables are endogenous variables that can 

be specified as price-adjustment instruments (e.g. endogenous tax rates, tariff schedules, etc.) or 

specified as quantity-adjustment instruments (e.g. endogenous rationing of factor endowments).  

Any auxiliary variable has an associated equilibrium condition called a constraint equation. 

The constraint equation is used to set the value of an auxiliary variable. Like all other inequalities 

and complementary variables that are solved as a program in MPSGE, the constraint equation 

exhibits complementary slackness with the associated non-negative auxiliary variable.  If the 

auxiliary variable is positive, the constraint must hold with an equality; however, if the constraint is 

non-binding the auxiliary variable must be zero. Because the auxiliary variable is a function of other 

variables in the model, it may or may not appear in its associated constraint.  To that end, Table 3.4 

displays the two auxiliary variables related to labor migration and the constraint equations that 

govern the behavior of these variables.  
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Table 3.4: MPSGE Equation Specification – Auxiliary Conditions  

Equilibrium Condition Inequality/Constraint Auxiliary (Complementary) 
Variable 

Equation 
No. 

Auxiliary condition, labor 
migration from Region 1 to 
Region 2 in response to an inter-
regional real wage differential 

/ /   (3.94) 

Auxiliary condition, labor 
migration from Region 2 to 
Region 1 in response to an inter-
regional real wage differential 

/ /   (3.95) 

 

The auxiliary conditions give rise to two auxiliary variables (M12 and M21) that represent, 

respectively, the proportion of Region 1 initial labor supply that migrates from Region 1 to Region 2 

and vice versa.  The constraint equation (3.94) compares the nominal Region 1 wage rate divided by 

the price of welfare for the labor supply in Region 1 (the real wage rate in Region 1) to the nominal 

wage in Region 2 divided by the price of welfare for the portion of the initial Region 1 labor supply 

that migrates to Region 2 (the real wage on offer to Region 1 laborers that migrate to Region 2 to 

work).  If this inter-regional real wage constraint is non-binding (the region 1 real wage is greater 

than the migrant real wage in Region 2, then the auxiliary variable (migration from Region 1 to 

Region 2) must be zero.  However, if the constraint equation holds as an equality, then labor 

migration from Region 1 to Region 2 is a positive value.   

The same condition holds for labor migration from Region 2 to Region 1.  The constraint 

equation (3.95) compares the nominal Region 2 wage rate divided by the price of welfare for the 

labor supply in Region 2 (the real wage rate in Region 2) to the nominal wage in Region 1 divided by 

the price of welfare for the portion of the initial Region 2 labor supply that migrates to Region 1 (the 

real wage on offer to Region 2 laborers that migrate to Region 1 to work).  If this inter-regional real 
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wage constraint is non-binding (the Region 2 real wage is greater than the migrant real wage in 

Region 1, then the auxiliary variable (migration from Region 2 to Region 1) must be zero.  However, 

if the constraint equation holds as an equality, then labor migration from Region 2 to Region 1 is a 

positive value. 

The labor migration (auxiliary) variables are both endogenous variables that are in turn 

functions of several other endogenous (complementary) variables and inequalities in the model.  For 

equation (3.94) the nominal wage rate in Region 1 is a function of, among others: 1) the output levels 

of all goods produced in Region 1; 2) the amount of labor available to work in the Region; 3) the 

amount of sector-specific capital available in each Region 1 production sector; 4) the production 

function of each sector in Region 1.  The price of welfare in Region 1 is determined by the price of 

the non-traded goods and imported goods available for consumption in Region 1.  In turn, the 

nominal wage rate in Region 2 is a function of all the same factors as the Region 1 nominal wage rate 

(albeit Region 2 output levels, labor supply, sector-specific capital, production functions, etc.).  

These were the implications of the general function of labor migration presented in equations (3.19-

3.25).  

Not only are the labor migration variables functions of several other endogenous variables in 

the model, each in turn is specified to affect other inequality equations and complementary variables 

in the model.  In particular, the labor migration variables affect equations (3.54-3.57) in the zero 

profits conditions, equations (3.69-3.72, 3.78 and 3.79) among the market clearing conditions, and 

equations (3.85-3.88) among the income balance equations in the MPSGE model.  In essence, the 

labor migration variables and associated inequality equations are designed such that if there is a real 

wage differential between Region 1 and Region 2 ( ), labor will migrate from Region 1 to 

Region 2 until the real wage rates equilibrate.  When the laborer migrates from Region 1 to Region 2 
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both the labor and the consumption of that laborer moves from Region 1 to Region 227 in an amount 

sufficient to make the inequality between the real wages strictly equal.  The arrival of migrant labor 

to Region 2 reduces the real wage by lowering the nominal wage rate and increasing the price of 

purchasing utility through the consumption of goods. The real wage rate in Region 1 is raised by the 

increase of the nominal wage rate due to less labor being available and decreasing the price of 

purchasing utility as there is less demand for the non-traded and imported goods.  

However, if there is no inter-regional wage differential to begin with28, then no labor 

migration occurs (M12 = M21 = 0) and in turn the complementary variables in equations (3.56, 3.57, 

3.71, 3.72, 3.87, and 3.88) are all equal to zero as well.   

The general equilibrium model is now complete, specified as a square system of 53 weak 

inequalities (equilibrium conditions) in 53 unknowns (complementary variables).   

While this algebraic representation is how MPSGE solves the general equilibrium model 

specified above, the syntax of MPSGE is constructed such that a user need only identify production 

sectors, factors of production, and representative consumers expressed as a series of inputs and 

outputs.  To illustrate, to produce a good (output), labor and capital (inputs) are specified; for welfare 

to be produced (an output) the goods consumed to produce utility (inputs) are specified.  The value of 

consumption (output) is then equal to the value of each representative consumer’s factor endowments 

(inputs – labor or capital).  Auxiliary variables and constraint equations can then be added.  Each of 

these series of outputs and inputs and supplemental (auxiliary) conditions ties all production and 

                                                      
27 In MPSGE this in accomplished via a rationing “multiplier.” In this case one multiplies the value of the migration 
variable (expressed as a proportional value between 0 and 1) by the quantity of the labor endowment for each 
affected representative consumer.  If the migration variable (M12) is positive, the amount of the endowment of labor 
for CONSL1 is reduced by the proportion that leaves, and that proportion of labor endowment is transferred to 
CONSL12.  The migration variable as a multiplier is also shown in the MPSGE model specified in Appendix B. 
28 This is the initial (steady state) setting of the model.  An inter-regional real wage differential is a disequilibrium 
phenomenon, which occurs when the steady state is subjected to an exogenous shock (e.g. an energy boom) to the 
model. 
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consumption activities together such that zero profits are attained, markets clear, income balance is 

attained, and auxiliary conditions are satisfied. 

This input-output syntax is displayed in Appendix B.  In MPSGE, the general equilibrium 

model could be written as it is in equations (3.43-3.95) or written as it is specified in Appendix B. 

From a modeler’s perspective one approach may be more intuitive and simpler to code than 

another29.    Regardless of the method chosen, the exact same general equilibrium model is being 

specified.   

3.3       Functional Forms of the Model 

Having explicated the algebraic representation of the general equilibrium model, specific 

functional forms for production and consumption can be laid out.  For Region 2 production sectors, 

Cobb-Douglas specifications are chosen akin to the Ricardo-Viner/Specific-Factors model first 

presented in Jones (1971).  These equations are  

= � −� ,           (3.96) 

 = � −� ,           (3.97) 

 = � −� .          (3.98) 

Region 1 features only two of the three production sectors (N and T) 

= � −� ,           (3.99) 

 = � −� ,         (3.100) 

                                                      
29 Generally, the input-output syntax is both more intuitive and simpler to code. 
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that are specified in the same manner as Region 1.  

Each representative consumer (sector-specific capital owners, domestic and migrant laborers) 

in Region 1 and Region 2 maximize welfare with Cobb-Douglas preferences by demanding (D) the 

non-tradable good and imported good, subject to each consumer’s budget constraint 

� = � � −� . .  = + � � ,                                    (3.101) 

� = � � −� . .  � = + � � ,                       (3.102) 

� = � � −� . .  = + � � ,                                   (3.103)   

� = � � −� . .  � = + � � ,                      (3.104) 

� = � � −� . .  = + � � ,                     (3.105) 

� = � � −� . .  = + � � ,                     (3.106) 

� = � � −� . .  = + � � ,                    (3.107) 

� = � � −� . .  = + � � ,                    (3.108) 

� = � � −� . .  = + � � .                                (3.109) 

When specified in the Cobb-Douglas form, each consumers’ demand for the non-traded and 

imported good is a function of the consumer’s income (I) and the good’s price.  The demand 

equations for each Region 1 consumer is  

= � ��  ℎ  � = , , ,                                                                      (3.110) 

� = −� ���  ℎ  � = , , ,                                                                 (3.111) 

and the demand equations for each Region 2 consumer is 
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= � ��  ℎ  � = , , ,                                                                       (3.112) 

� = −� ���  ℎ  � = , ,  , .                                                          (3.113) 

 For this model, again the chosen functional forms are Cobb-Douglas.  The model could easily 

be adjusted in MPSGE to allow for alternative production and consumption functions, including the 

constant elasticity of substitution (CES) and Leontief (fixed proportions) production functions.  

Having laid out the specific functional forms, one can now turn to numerical simulation. 

3.4       General Equilibrium Model (MPSGE) Simulation 

Once a general equilibrium model is specified and written in MPSGE, an accompanying 

micro-consistent dataset must be constructed or provided externally.  The dataset must adhere to the 

condition of zero profits (if production is positive all revenues are paid out to the factors of 

production or if consumer income is positive all of it is spent on consumption goods) for all goods 

and welfare production activities, all markets clear, income balances are met, and auxiliary variables 

and constraint equations are satisfied.  The purpose of the micro-consistent dataset is to ensure that 

the general equilibrium model is indeed properly specified; when one attempts to solve the model, it 

actually arrives at a solution - the model is calibrated.  Once the model has been calibrated, 

counterfactual experiments (exogenous shocks) can be imposed on the model to determine how the 

model solution responds to the shock.  For this general equilibrium model, Appendix C includes a 

micro-consistent dataset that is calibrated.  

Like Bandara (1991), this paper uses a simple and hypothetical micro-consistent dataset to 

identify key insights from the model.  Many of the CGE papers highlighted above rely on a highly 

detailed and sophisticated social accounting matrix (SAM)30 based on the macroeconomic inter-

                                                      
30 Examples from the CGE literature review include a SAM for the State of Pennsylvania, the nations of Turkey, 
Armenia, Ivory Coast, and many others. 
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linkages of a specific national or sub-national economy as its input-output table.  This paper eschews 

use of an economy-specific SAM for two reasons.  First, the elaborate detail of these SAMs obscure 

the key research question at hand – can inter-regional labor migration transmit the RME from a 

booming economy to a non-booming economy?  Second, because the SAMs are country or economy 

specific, the results are necessarily going to be shaped by the peculiarities of the SAM in question –

detracting from generalizable results. Having stated those caveats, we can now turn to counterfactual 

experiments (simulations).  

The simulation begins by displaying initial settings for the production sectors of Region 1 

and Region 2.  As indicated in equations (3.96 – 3.100) Region 1 has two goods-producing sectors 

and Region 2 has three production sectors (energy, traded, non-traded) that are specified as Cobb-

Douglas production functions.  Table 3.5 displays the initial values for each sector’s production 

function, which are also found in Appendix B as well as the micro-consistent dataset in Appendix C.  

Additionally, the table expresses the initial level of consumption among all factors of production. 

Note that in accordance with the assumption of Corden and Neary (1982), the traditional traded 

sector is more capital intensive than the non-traded sector in both Region 1 and Region 2 and the 

Energy sector is more capital intensive than any sector in any region. The non-traded sector and 

traded sectors of Region 2 are also more capital intensive than the Region 1 analogues. 

Table 3.5: Initial Model Settings 

Region 1     

 Traded Non-Traded   

Labor Allocation 60 140   

Output Price  $               1   $               1    

Sector Specific Capital - units 140 60   

Technology (A) Term 1.84 1.84   

1-θ (Kapital used in production function) 0.7 0.3   
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Table 3.5 Continued 

θ (labor used in production function) 0.3 0.7   

Real Wage  $1.00  $1.00    

Capital Rental Price           $1.00                   $1.00 Total  

     

Y (Output)  200   200   400   

Value of Output  $200   $200   $400   

     
 Units Value   

Consumption - Laborers 200 $200   

Consumption – Traded Sector Capitalist 140 $140   

Consumption – Non-traded Sector Capitalist 60 $60   

Total Consumption 400 $400   

     

Region 2     

 Traded Non-Traded Energy  

Labor Allocation  40   120   40   

Output Price  $1   $1   $1   

Sector Specific Capital - units 140 60 160  

Technology (A) units  1.70   1.89   1.65   

1-θ (Kapital used in production function)  0.78   0.33  0.80  

θ (labor used in production function)  0.22   0.67  0.20  

Real Wage  $1.00  $1.00   $1.00   

Capital Rental Price           $1.00                   $1.00               $1.00 Total 

     

Y (Output)               180                 180              200             560  

Value of Output  $180      $180   $200          $560  

     

 Units Value   

Consumption - Laborers 200 $200   

Consumption – Traded Sector Capitalist 140 $140   

Consumption – Non-traded Sector Capitalist 60 $60   

Consumption – Energy Sector Capitalist 160 $160   

Total Consumption 560 $560   
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The amount of labor is equal in each region, 200 laborers, and the regional wage rates are the 

same in each region.  To begin the simulation, the boom in Region 2 is stimulated by a Hicks-neutral 

improvement in the energy sector, the same approach taken by Corden and Neary (1982) and Corden 

(1984).  The simulation is run with two cases: 1) Energy boom with endogenous intra-regional labor 

migration only – also part of the standard Corden and Neary (1982) and Corden (1984) assumption; 

2) Energy boom with endogenous intra-regional and endogenous inter-regional labor migration. 

Table 3.6 displays the result of the first case. 

Table 3.6: Simulation results, when no inter-regional migration is allowed 

 

The first column indicates changes in the level of the energy sector’s Hick-neutral 

technological progress, expressed as a percentage increase in the technology term (AE) of that sector. 

Subsequent columns display aggregate and sectoral real Gross Domestic Product (GDP) or 

output, real per capita GDP31, real wage rates, and migration levels expressed as the proportion of the 

initial Region 1 labor force that migrates to Region 2.  All activity levels and prices are rescaled to a 

                                                      
31 Real per capita GDP for a region is found by dividing the total value of real output by the total amount of factors 
of production (units of domestic labor, migrant labor, and sector-specific capital) in that region. 

Technological Progress Real GDP Sectoral GDP Sectoral GDP Real GDP Sectoral GDP Sectoral GDP Sectoral GDP PCap GDP PCap GDP Real Wage Real Wage Labor Migration

Energy Sector Region 1 R1 Traded R1 Non-Traded Region 2 R2 Traded R2 Non-Traded R2 Energy R1 R2 R1 R2 R1 to R2

0% 2.000        1.000               1.000                  3.000         1.000               1.000                  1.000               1.000        1.000        1.000         1.000         0.00

5% 2.000        1.000               1.000                  3.049         0.998               0.989                  1.061               1.000        1.016        1.000         1.005         0.00

10% 2.000        1.000               1.000                  3.099         0.997               0.978                  1.123               1.000        1.033        1.000         1.011         0.00

15% 2.000        1.000               1.000                  3.149         0.995               0.967                  1.186               1.000        1.050        1.000         1.017         0.00

20% 2.000        1.000               1.000                  3.199         0.994               0.957                  1.249               1.000        1.066        1.000         1.022         0.00

25% 2.000        1.000               1.000                  3.250         0.992               0.946                  1.313               1.000        1.083        1.000         1.028         0.00

30% 2.000        1.000               1.000                  3.302         0.990               0.935                  1.376               1.000        1.101        1.000         1.034         0.00

35% 2.000        1.000               1.000                  3.354         0.989               0.924                  1.441               1.000        1.118        1.000         1.040         0.00

40% 2.000        1.000               1.000                  3.406         0.987               0.913                  1.506               1.000        1.135        1.000         1.046         0.00

45% 2.000        1.000               1.000                  3.459         0.985               0.902                  1.571               1.000        1.153        1.000         1.053         0.00

50% 2.000        1.000               1.000                  3.512         0.984               0.892                  1.636               1.000        1.171        1.000         1.059         0.00

55% 2.000        1.000               1.000                  3.565         0.982               0.881                  1.702               1.000        1.188        1.000         1.065         0.00

60% 2.000        1.000               1.000                  3.619         0.980               0.870                  1.769               1.000        1.206        1.000         1.072         0.00

65% 2.000        1.000               1.000                  3.673         0.979               0.860                  1.835               1.000        1.224        1.000         1.079         0.00
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starting value of 1.00, part of the MPSGE model calibration procedure.  For example, the real GDP 

of Region 1 in the first row of data (2.000) is the sum of the traded and non-traded sectoral outputs.  

The simulation results show that in the absence of inter-regional labor migration, a boom in 

Region 2’s energy sector results in the classic RME.  This outcome is evidenced by unchanged 

aggregate and per capita real GDP and real wage rate in Region 1, a higher real wage rate and 

aggregate and per capita output in Region 2, and reduced traded and non-traded sector output in 

Region 2.  For example, the last row shows the effects of a 65% increase in the energy sector’s 

technology term.  Region 2’s aggregate and per capita GDP both grow by 22% relative to the 

baseline, led by growth in the energy sector.  However, real output of both the non-traded and traded 

sectors of Region 2 decline by 14% and 2% respectively on account of an 8% increase in the real 

wage rate of Region 2 to $1.079.  The larger decrease in the non-traded sector’s output is attributable 

to its higher labor intensity relative to the traded sector.  

With the help of the results displayed in Table 3.7, we can delve further into the results and 

ascertain the effects of the boom on total welfare and factor owners in each region.  Table 3.7 depicts 

how the initial settings displayed in Table 3.5 above change when an energy boom (a 65% increase 

in the energy sector’s technology term) occurs in the absence of inter-regional labor migration.  Note 

that in Region 1, nothing has changed in the aggregate or sectorally as the region lacks any economic 

linkages to activities occurring in the booming Region 2. 

Table 3.7: Detailed results of boom when inter-regional labor migration is proscribed 

Region 1     

 Traded Non-Traded   

Labor Allocation 60 140   

Output Price  $               1   $               1    

Sector Specific Capital - units 140 60   

Technology (A) Term 20 15   
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Table 3.7 Continued 

1-θ (Kapital used in production function) 0.7 0.3   

θ (labor used in production function) 0.3 0.7   

Real Wage  $1.00  $1.00    

Capital Rental Price           $1.00                   $1.00  Total   

     

Y (Output)  200   200   400   

Value of Output  $200   $200   $400   

     

 Units Value   

Consumption - Laborers 200 $200   

Consumption – Traded Sector Capitalist 140 $140   

Consumption – Non-traded Sector Capitalist 60 $60   

Total Consumption 400 $400   

     
Region 2     

 Traded Non-Traded Energy  

Labor Allocation  35   96   69   

Output Price  $1   $1   $1   

Sector Specific Capital - units 140 60 160  

Technology (A) units  1.70   1.89   2.73   

1-θ (Kapital used in production function)  0.8   0.3  0.8  

θ (labor used in production function)  0.2   0.7  0.2  

Real Wage  $1.079  $1.079   $1.079   

Capital Rental Price           $1.00                   $1.00               $1.00 Total 

     

Y (Output)               175                 155              367             697  

Value of Output  $175      $155   $367          $697  

     

 Units* Value*   

Consumption - Laborers 216 $216   

Consumption – Traded Sector Capitalist 137 $137   

Consumption – Non-traded Sector Capitalist 51 $51   

Consumption – Energy Sector Capitalist 293 $293   

Total Consumption 697 $697   

*  Results may not sum exactly due to rounding 
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With respect to Region 2, Table 3.7 indicates total welfare (expressed as total output) rises, in 

accordance with the core model of Corden and Neary (1982) and Corden (1984).  Note that the 

technology term of the energy sector is now 2.73, which is 65% higher than its initial setting found in 

Table 3.5, indicative of the Hicks-neutral technological progress. Assessing the impacts on the 

factors of production in Region 2 – sector specific capitalists and the intra-regionally mobile labor, it 

is clear certain factors benefit from the boom at the expense of others.  The energy sector capitalist is 

the largest beneficiary, as its consumption increases by 83% from $160 initially to $293 with the 

boom. Labor’s total consumption increases by 8%, which corresponds to the increase in the real 

wage of the labor.  On the other hand, the traded sector and non-traded sector capitalists experience a 

decrease in welfare.  Relative to the initial pre-boom setting, the non-traded sector capitalist 

experiences a 15% decline in consumption while the traded sector capitalist’s consumption falls by 

only 2.1%.  The disparity in the declines between these two sector-specific capitalists has to do with 

the relative labor intensity of the sectors.  The more labor intensive sector contracts; this is because 

labor is drawn to the expanding energy sector that is willing and able to pay higher wages to attract 

the fixed, but intra-sectorally mobile, supply of labor in Region 2.   

Table 3.8 displays the results when inter-regional labor migration is permitted.  Relaxation of 

the classic Corden and Neary (1982) and Corden (1984) booming economy assumption that 

proscribes inter-regional labor migration produces results that run contrary to the expectations of 

these seminal papers. 
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Table 3.8: Simulation results, when inter-regional migration is allowed 

 

Again looking at the last row, the boom in Region 2’s energy sector, effectuated by the 

Hicks-neutral technological progress, increases production of the energy good, which in turn drives 

up the real wage rate in Region 2.  However, the increase in Region 2’s real wage rate induces labor 

migration from Region 1 to Region 2, up until the point real wage rates equalize at $1.035.  The last 

column indicates that 9.1% of Region 1’s initial labor supply of 200 migrates from Region 1 to 

Region 2.  In turn, the inter-regional labor migration reduces Region 1’s aggregate and sectoral 

output.  Total output declines by 4.6% relative to the baseline; however, more than four-fifths of that 

decrease in aggregate output is attributable to a decline in Region 1’s non-traded sector, which is 

relatively more labor intensive than the traded sector.  Per capita income in Region 1 falls too as the 

region’s output falls by a slightly larger amount (-4.6%) than the reduction in total labor and capital 

employed in the region (-4.5%). 

The results indicate that Region 2’s non-traded and traded sector shrink as well.  However, 

these sectors do not decline by as much as the analogous sectors in Region 1.  This is because both of 

Region 2’s sectors are slightly less labor intensive (more capital intensive) than the equivalent sectors 

in Region 1.  For example, Table 3.5 shows that Region 2’s traded sector is both slightly more capital 

Technological Progress Real GDP Sectoral GDP Sectoral GDP Real GDP Sectoral GDP Sectoral GDP Sectoral GDP PCap GDP PCap GDP Real Wage Real Wage Labor Migration

Energy Sector Region 1 R1 Traded R1 Non-Traded Region 2 R2 Traded R2 Non-Traded R2 Energy R1 R2 R1 R2 R1 to R2

0% 2.000     1.000           1.000             3.000      1.000           1.000             1.000           1.000     1.000     1.000      1.000      0.000

5% 1.993     0.999           0.994             3.057      0.999           0.995             1.062           1.000     1.018     1.002      1.002      0.007

10% 1.986     0.998           0.988             3.114      0.999           0.990             1.125           1.000     1.036     1.005      1.005      0.014

15% 1.979     0.997           0.983             3.172      0.998           0.985             1.189           1.000     1.054     1.008      1.008      0.021

20% 1.972     0.996           0.977             3.230      0.997           0.980             1.253           1.000     1.072     1.010      1.010      0.028

25% 1.965     0.995           0.971             3.289      0.996           0.975             1.318           1.000     1.091     1.013      1.013      0.034

30% 1.958     0.993           0.965             3.348      0.996           0.970             1.383           1.000     1.109     1.015      1.015      0.041

35% 1.951     0.992           0.959             3.408      0.995           0.965             1.449           1.000     1.128     1.018      1.018      0.048

40% 1.944     0.991           0.953             3.469      0.994           0.959             1.515           1.000     1.146     1.021      1.021      0.055

45% 1.937     0.990           0.947             3.529      0.993           0.954             1.582           1.000     1.165     1.024      1.024      0.062

50% 1.930     0.989           0.941             3.591      0.993           0.949             1.649           1.000     1.184     1.026      1.026      0.069

55% 1.922     0.988           0.935             3.653      0.992           0.944             1.717           0.999     1.203     1.029      1.029      0.076

60% 1.915     0.987           0.929             3.715      0.991           0.939             1.785           0.999     1.221     1.032      1.032      0.083

65% 1.908     0.985           0.923             3.777      0.990           0.933             1.854           0.999     1.240     1.035      1.035      0.091
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intensive (.78 versus .7), and the post-energy sector boom equilibrium shown in Table 3.8 indicates 

Region 2’s tradable sector is 0.5% larger than Region 1.  Similarly, Region 2’s non-traded sector is 

more capital intensive than its Region 1 analog.  The results show that Region 1’s non-traded sector 

shrinks more than the non-traded sector in Region 2 on account of its greater labor intensity.  Indeed, 

the ranking of production sectors yielding the most labor to Region 2’s energy sector, in descending 

order, are as follows: 1) Region 1 non-traded sector; 2) Region 2 non-traded sector; 3) Region 1 

traded sector; 4) Region 2 traded sector.  This ordering aligns precisely with the ranking, in 

descending order, of the relative labor intensity of these four sectors. Table 3.9 displays the effect 

inter-regional labor migration, amid a 65% increase in the energy sector’s technology term, has on 

aggregate and sectoral output, welfare, and factor consumption in both regions.  Region 1, the labor-

donating region, experiences a total reduction in output, as it lost 9% of its labor force.  In terms of 

consumption among the laborers that remain in Region 1 and the region’s sector-specific capitalists, 

the effects of an energy boom are quite different than they are in neighboring Region 2.  For the 182 

laborers that remained in Region 1, their consumption increased, relative to the pre-boom setting in 

Region from $182 to $188, a 3.5% increase, which corresponds to the increase in the real wage that 

occurred in Region 1.  On the other hand, consumption among Region 1’s traded and non-traded 

sector capitalist fell by 0.7% and 8.3%, respectively.   

Table 3.9: Detailed results of boom when inter-regional labor migration is allowed 

Region 1 (Donor Region)     

 Traded Non-Traded   

Labor Allocation 57 125   

Output Price  $               1.00   $               1.00    

Sector Specific Capital - units 140 60   

Technology (A) Term 20 15   

1-θ (Capital used in production function) 0.7 0.3   
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Table 3.9 Continued 

θ (labor used in production function) 0.3 0.7   

Real Wage  $1.035 $1.035   

Capital Rental Price           $1.00                   $1.00  Total   

     

Y (Output)  197   185  382   

Value of Output  $197   $185  $382   

     

 Units Value   

Consumption – Domestic Laborers 188 $188   

Consumption – Traded Sector Capitalist 139 $139   

Consumption – Non-traded Sector Capitalist 55 $55   

Total Consumption 382 $382   

     
Region 2 (Destination Region)     

 Traded Non-Traded Energy  

Labor Allocation (Domestic + Migrant Labor)  38   108   72   

Output Price  $1   $1   $1   

Sector Specific Capital - units 140 60 160  

Technology (A) units  1.70   1.89   2.73   

1-θ (Kapital used in production function)  0.78   0.33  0.8  

θ (labor used in production function)  0.22   0.67  0.2  

Real Wage  $1.035 $1.035 $1.035  

Capital Rental Price           $1.00                   $1.00               $1.00 Total 

     

Y (Output)               178                 168              371             717  

Value of Output  $178      $168  $371          $717  

     

 Units Value   

Consumption – Domestic Laborers 207 $207   

Consumption – Migrant Laborers 19 $19   

Consumption – Traded Sector Capitalist 138.5 $138.50   

Consumption – Non-traded Sector Capitalist 56 $56   

Consumption – Energy Sector Capitalist 296.5 $296.5   

Total Consumption 717 $717   

*  Results may not sum exactly due to rounding 
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For Region 2, total output increases by even a larger amount ($717) when inter-regional labor 

migration is allowed than when it is proscribed ($697).  The effects of the energy boom on 

consumption among the labor employed and the sector specific capitalists in Region 2 are somewhat 

different in the presence of inter-regional labor migration flows relative to when labor migration is 

strictly intra-regional.  In particular, note the outcome of the initial Region 2 labor supply.  As shown 

in Table 3.9 the consumption of this group rises to $207, which is a 3.5% increase above the initial 

pre-boom setting and exactly the same as the boost in the real wage of Region 2.  The 3.5% increase 

in consumption by the initial Region 2 labor supply is less than the level show in Table 3.7 when 

consumption of the laborers increased by nearly 8%.  The arrival of migrant labor to Region 2 from 

Region 1 dampened the real wage growth and hence consumption of the initial Region 2 labor 

supply.  The initial Region 2 labor supply was forced to share real wage gains with the migrant 

laborers.  Indeed, the real wage gain enjoyed by the Region 2 labor supply during an energy boom 

was not only shared with the arriving migrant laborers but also distributed to the entire labor supply 

of Region 1, as interregional labor flows only ceased when real wage rates equilibrated.  Whereas the 

initial Region 2 labor supply fared worse off relative to an energy boom when inter-regional labor 

migration is allowed, all sector-specific capitalists in Region 2 did better.  The energy sector 

capitalist experienced a higher level of consumption as a lower real wage increase allowed for higher 

energy good output.  Similarly, the non-traded and traded sector capitalists benefited from a smaller 

real wage increase and a smaller diminution in sectoral outputs. 

When comparing the post-boom, no inter-regional labor migration setting to the post-boom 

inter-regional labor migration setting in Region 2 (Table 3.6 and Table 3.8, respectively), the arrival 

of migrant labor helped the non-energy traded and non-traded sectors avoid shrinking as much on 

account of less labor being available.  Moreover, because of each sector’s greater capital intensity 

relative to the analogous sectors in Region 1, the Region 2 traded and non-traded sectors experienced 
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smaller losses than Region 1 altogether.  Furthermore, the arrival of migrant labor helped bring the 

post-boom real wage level closer to the initial pre-boom setting, which allowed Region 2 to 

experience a greater expansion in energy sector and total output relative to the setting where labor 

migration was proscribed. The wage comparisons are depicted in Table 3.10. 

Table 3.10: Intra- and Inter-regional real wage comparison with and without labor migration 

 

Furthermore, per capita income actually increased in Region 2 when labor migration was 

allowed relative to when it was not.  According to the last row of Table 3.8, per capita income was 

24% higher in Region 2 with migration allowed versus 22% higher when migration was proscribed. 

The incremental increase in output was large enough to offset the arrival of migrant labor. On the 

other hand, despite the exodus of labor, per capita income falls in Region 1 when inter-regional labor 

migration is allowed relative to when it is not.   

Perhaps most interesting is the economic efficiency that was generated by the introduction of 

an inter-regional labor market.  In Table 3.7, when inter-regional labor migration is proscribed, the 

Technological Progress Region 1 Real Wage Region 2 Real Wage

Energy Sector No Migration With Migration No Migration With Migration

0% 1.000          1.000           1.000          1.000              

5% 1.000          1.002           1.005          1.002              

10% 1.000          1.005           1.011          1.005              

15% 1.000          1.008           1.017          1.008              

20% 1.000          1.010           1.022          1.010              

25% 1.000          1.013           1.028          1.013              

30% 1.000          1.015           1.034          1.015              

35% 1.000          1.018           1.040          1.018              

40% 1.000          1.021           1.046          1.021              

45% 1.000          1.024           1.053          1.024              

50% 1.000          1.026           1.059          1.026              

55% 1.000          1.029           1.065          1.029              

60% 1.000          1.032           1.072          1.032              

65% 1.000          1.035           1.079          1.035              
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combined output of Region 1 and Region 2 is $1,097.  However, when inter-regional labor migration 

is allowed total production increases to $1,099.  While a very modest increase, the incremental 

growth in output in Region 2 when inter-regional labor migration is allowed more than offset the loss 

in aggregate output in Region 1.  As anticipated by Corden and Neary (1982) and Corden (1984), in 

the absence of long-run effects or LBD impacts, the immediate outcome of an energy boom is that it 

is welfare enhancing.  The positive welfare effects are even greater when labor migration between 

regions are allowed.  Nevertheless, the distribution of gains and losses among the factors of 

production amid an energy boom changes depending on whether the labor migration occurs or not. 

To that end, Table 3.11 shows how consumption levels of domestic and migrant labor and 

sector-specific capitalists compare under energy booms where there is inter-regional labor migration 

and where there is not.   

Table 3.11: Regional consumption comparisons with and without labor migration 

 

The results are displayed relative to the pre-boom initial setting.  Notice again that Region 1 

is unaffected by an energy boom when there is no economic links between the regions.  However, 

when the two regions are effectively linked by an inter-regional labor market, both Regions are 

affected by an energy boom in Region 2.  In terms of how consumption outcomes are affected, inter-

  

 Region 1 Consumption   Region 2 Consumption  

 
Labor  

 Non-
Traded 

Capitalist  
 Traded 

Capitalist   Labor   

 
Migrant 
Labor  

 Energy 
Capitalist  

 Non-Traded 
Capitalist  

 Traded 
Capitalist  

Boom w/ no migration 
 

1.000          1.000          1.000   1.079   -        1.831            0.850        0.979  

Boom w/ migration 
 

1.035          0.917          0.993   1.035      1.035        1.850            0.933        0.989  

% Change, w/migration 3.5% -8.3% -0.7% -4.1% - 1.0% 9.8% 1.1% 
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regional labor migration allows all laborers – whether they stay in Region 1 or 2 or migrate from the 

former to the latter – to benefit from the boom.  While the initial Region 2 labor supply benefits from 

a higher real wage in any energy boom, the highest wage increase occurs when inter-regional labor 

migration is proscribed.  While Region 1’s initial labor supply benefits from an energy boom when 

inter-regional labor migration occurs (whether they migrate or not), Region 1 sector-specific 

capitalists are unambiguously hurt by the advent of a regional labor market as an increase in the real 

wage reduces output of these sectors and the consumption of the capitalists.  Conversely all 

capitalists in Region 2 welcome the creation of a regional labor market as it reduces the real wage in 

Region 2 during a boom relative to when there is no inter-regional labor migration.  To summarize 

then, during an energy boom the following factors of production support the advent of inter-regional 

labor migration: Region 1’s remaining labor supply, migrant laborers moving from Region 1 to 

Region 2, and all sector-specific capitalists in Region 2; those factors that would oppose the creation 

of a regional labor market would be Region 2’s initial labor supply and all sector-specific capitalists 

in Region 1.   

 Overall, the existence of inter-regional labor migration allowed Region 2 to mitigate the 

RME and in fact transmit a portion of it to Region 1 via inter-jurisdictional labor migration flows.  In 

turn, the advent of inter-regional labor migration adversely or positively affected the consumption 

(welfare) of factors of production in each region quite differently.  

From this simulation, several key findings emerge.  First, when inter-regional labor migration 

is permitted, an energy boom does not necessarily mean the traded and non-traded sectors of that 

booming region will shrink relative to a neighboring, non-booming economy.  Rather, as depicted in 

Table 3.8, the RME can in in part be transmitted from a booming economy to a non-booming 

economy via inter-regional labor flows.  Regardless of the region, the larger the labor intensity of a 

sector relative to other sectors, the more labor it is likely to yield relative to the other sectors.   
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Other testable propositions emerge from this simulation.  The first would be that the more 

intense the energy boom (technological progress, etc.) the greater the possibility of the booming 

economy drawing in migrant labor and exporting the RME to non-booming jurisdictions.  Similarly, 

the greater the labor intensity of the energy sector relative to other sectors, the greater its demand for 

domestic and migrant labor supply.  Third, should there be an energy bust, there can be an exodus of 

labor out of the energy-producing region to the non-energy region on account of relatively higher 

wages on offer in the non-energy region, up to the point where real wage rates again equalize. 

The validity of the first proposition is apparent in Table 3.8.  Each row displays, in 

descending order, a larger energy boom (greater technological progress).  The greater the 

technological progress, the larger the proportion of labor migrating from Region 1 to Region 2.  The 

second proposition can be ascertained via a logical exercise.  Assuming the labor intensity of the 

energy sector doubles from the initial settings displayed in Table 3.5 (where θ initially equals 0.2), 

for any given increase in the technology term of the energy sector displayed in Table 3.7, the amount 

of labor drawn to the energy sector from intra-regional and inter-regional sources doubles. Although 

not presented in this paper, the above exercise was simulated separately, and the anticipated outcome 

was found to be the case. 

Regarding the third proposition, the results of an energy bust, defined as a reduction in the 

energy sector’s technology progress32, is symmetric to that of a boom.  As such, output from the 

energy sector falls, output for the traded and non-traded sectors of both regions increase as labor is 

reallocated inter-sectorally and inter-regionally.  The decline in the energy sector causes the real 

wage rate in Region 2 to fall, prompting labor to move to Region 1 until the real wage rates in each 

region equalize.  The sectors that benefit the most are labor-intensive sectors.  In descending order of 

                                                      
32 None of the parameters of the MPSGE model are changed, except that technological regress, rather than progress 
is modelled. 
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labor intensity: 1) the non-traded sector in Region 1; 2) the non-traded sector in Region 2; 3) the 

traded sector in Region 1; 4) the traded sector in Region 2.  Furthermore, total and per capita income 

fall in Region 2 on account of the energy bust.  Chapter 4 empirically tests whether the effects of 

booms and busts are indeed symmetric.  

3.5       Simulation results in context of Booming Economy and CGE literature 

The simulation results presented above naturally give rise to comparisons to the seminal 

booming economy literature, subsequent attempts by economists to represent labor migration in the 

context of an energy boom, as well as literature in other strands of economic research that feature 

migrant labor responses to economic phenomena. 

Before proceeding to these comparisons, a few key distinctions between the extant booming 

economy literature and the model presented and simulated in this thesis must be drawn.  The 

booming economy literature, whether the seminal papers or subsequent attempts to incorporate labor 

migration effects, are general equilibrium models, in almost all cases focus on a single-country or 

region, and make no attempts to model or simulate endogenous labor migration responses.  By 

contrast, the model presented in this paper is solved as a CGE model, focuses on two regions, and the 

focal point of the model is to ascertain the effects of endogenous labor migration flows based on real 

wage differentials.  Consequently, any comparisons are indirect at best because the model presented 

in this thesis and the extant literature it is compared to are inherently different.   

3.5.1    Seminal Papers 

Bearing those caveats in mind, we can first turn to Corden (1984), which devotes a section of 

the paper to considering, although not formally modeling, the implications of labor migration.  Like 

the model presented in this thesis, Corden (1984) anticipates that labor migration will at a minimum 

mitigate the RME in the booming economy, as the supplementary labor supply will help fill jobs in 

all production sectors.  The larger question posed by both this seminal paper and this thesis is 
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whether the arrival of migrant labor fully restores the booming economy’s real wage rate back to its 

pre-boom level and thereby fully obviates the contraction of the booming economy’s traditional 

traded sector via the RME.  Here is where the divergence occurs.   

The seminal paper posits that provided enough labor is allowed to enter the booming 

economy the real wage rate can be fully restored and in turn the RME can be entirely obviated.  This 

finding is predicated on the assumption that an exogenous, and an inherently perfectly elastic supply 

of outside labor, will migrate to the booming economy.  Because the Corden model is focused on one 

economy only and does not explicitly model inter-regional labor migration, it does not recognize that 

an outflow of labor from one jurisdiction to the other raises the real wage rate in the former and 

decreases the latter until inter-jurisdictional wage parity is reached.  Rather, it assumes that more than 

enough migrant labor will move to the booming economy to return the real wage rate to its pre-boom 

equilibrium.  

By contrast, the model presented in this thesis finds that once inter-jurisdictional labor 

migration is allowed, differences in the jurisdictions’ real wage rates is a disequilibrium 

phenomenon, and migration will only occur up until the point the difference between the 

jurisdictions’ real wage rates ceases.  As such, inter-regional wage rate parity presents a natural 

check on the amount of labor that will shift from a non-booming region to a booming region.  

Because an NRR boom necessarily raises the real wage rate in the booming economy and parity in 

inter-regional wage rate differentials necessarily constrains the amount of inter-jurisdictional labor 

migration, the (computable) general equilibrium model presented in this thesis indicates that inter-

regional labor migration will only obviate a portion, but not all, of the RME that befalls the booming 

economy.  The model in this paper recognizes that labor migration affects both the jurisdiction 

receiving labor and the jurisdiction yielding it.  This is an implication of labor migration not raised 

by Corden.   
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While Corden (1984) provides a direct means, albeit imperfect, by which to compare the 

model presented and solved in this thesis, the lack of such a section in Corden and Neary (1982) 

changes how comparisons can be drawn between that paper and the thesis.  In one regard the model 

presented in this thesis and this seminal paper have already been directly compared.  The simulation 

presented in this thesis assessed how a booming region and its neighboring non-booming region fare 

under two different scenarios: 1) when there is no inter-regional labor migration; 2) when inter-

regional labor migration is allowed.  The first scenario is the exact same assumption of the core 

model of Corden and Neary (1982).  The simulation results show that when one relaxes the 

assumption of no inter-regional labor migration, the RME that is anticipated to befall the booming 

economy can be ameliorated by inter-regional labor flows and in part transmitted to a neighboring 

region.  Having already performed this appraisal between the simulation and the core model, we 

consider an alternative means of comparison.   

As pointed out in this thesis as well as Kojo (2014), the core model of Corden and Neary 

(1982) and Corden (1984) is a special case, one of many cases outlined in these papers. When one or 

more of the assumptions of the core model are relaxed, one can arrive at outcomes where the 

contraction of the traditional traded sector is mitigated, if not obviated altogether.  From this 

realization, two questions arise: 1) given the same micro-consistent data set used in this simulation, 

would relaxing one of the other assumptions of the core model generate a result predicted by Corden 

and Neary (1982); 2) running the same simulation, would the results of the first question be 

strengthened or diminished when inter-regional labor migration is also allowed?   

To test these questions, we follow the lead of Corden and Neary (1982) and Corden (1984) 

and apply the CGE model presented in this thesis to the very first relaxation of the core model both 
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papers attempt.  The so-called “Paradox Model”33 alters the core model by simply converting capital 

in the non-traded and traditional traded sector from sector-specific to freely mobile between the two 

sectors; only capital employed in the energy sector remains sector-specific.  This manipulation 

constitutes a caricature of the Heckscher-Ohlin economy facing a variable supply of labor equal to 

the total endowment of labor in the economy less the amount employed by the energy sector.  In this 

case, the RME draws labor away from the non-traded sector and manufactures, generating the 

insights of the Rybczynski theorem: output falls in the sector using labor most intensively while 

output increases in the capital-intensive industry.  Assuming the manufactures sector is the relatively 

capital intensive sector Corden and Neary (1982) and Corden (1984) show that the onset of the RME 

in the booming economy and subsequent reallocation of mobile capital between the traded and non-

traded sector causes traded sector output to increase.  The effective result is pro-industrialization – a 

possibility obviated in the “core” booming economy model.   

The results of simulating the Paradox Model via the CGE model presented in this thesis are 

displayed in Table 3.12.  Like all prior simulations, the energy boom is stimulated by Hicks-neutral 

technological progress in the energy sector.  The results are predicated on a 65% increase in the 

technology term of the energy sector. There are two rows of results, the first being the results of the 

Paradox Model and the second being a variant of the Paradox Model that also allows for inter-

regional labor migration.  The columns show aggregate and sectoral GDP of Region 1 and 2 as well 

as regional wage rates, and the proportion of initial Region 1 labor supply that migrates from Region 

1 to Region 2 in response to an energy boom.  Like the values displayed in Table 3.6 and Table 3.8 

all activity levels and prices are rescaled to a starting value of 1.00, part of the MPSGE model 

calibration procedure. 

 

                                                      
33 Corden (1984) bestowed this moniker on this model extension, as it resulted in pro-industrialization of the 
traditional traded sector. 
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Table 3.12: “Paradox” Model of booming economy with and without labor migration 

 Real 
GDP 

Sectoral 
GDP 

Sectoral 
GDP 

Real 
GDP 

Sectoral 
GDP 

Sectoral 
GDP 

Sectoral 
GDP 

Real 
Wage 

Real 
Wage 

Labor 
Migration 

 Region 
1 

R1 
Traded 

R1 Non-
Traded 

Region 
2 

R2 
Traded 

R2 Non-
Traded 

R2 
Energy 

R1 R2 R1 to R2 

No Labor 
Migration 

2.000 1.000 1.000 3.677 1.145 0.662 1.870 1.000 1.012 - 

With Labor 
Migration 

1.995 1.004 0.991 3.794 1.141 0.671 1.870 1.005 1.005 0.015 

 

Under the standard Paradox Model of no labor migration, one arrives at the same results 

anticipated by Corden and Neary (1982) and Corden (1984). Region 1 is unaffected by the boom, 

which is inherently in accordance with these seminal papers that assume the booming economy does 

not interact with other economic regions.  The Region 2 values indicate that when capital mobility 

between the traditional traded and non-traded sector is allowed, the RME that occurs amid an energy 

boom generates the Rybczynski outcome: output falls in the sector using labor most intensively while 

output increases in the capital-intensive industry. Like the seminal papers the simulation assumes that 

the traditional traded sector is the most capital intensive and the non-traded sector is most labor 

intensive.  Relative to the pre-boom baseline of 1.00, the traditional traded sector in Region 2 grows 

by 14.5% on account of its capital intensity while the non-traded sector shrinks by 33.8% to a value 

of 0.662.  This is clear evidence of pro-industrialization of Region 2’s traditional traded sector, the 

exact outcome predicted by Paradox Model. 

The second row of results speaks to the effect of inter-regional labor migration on the 

Paradox Model.  Again the traditional traded sector in Region 2 expands and the non-traded sector 

contracts.  However, relative to the no labor migration settings, total GDP in Region 2 is larger, the 

pro-industrialization of its Region 2 traded sector is diminished, and the non-traded sector shrinks by 

a smaller amount.  To understand why this is the case, one must look to Region 1 and how it is linked 
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to Region 2.  Like Region 2, Region 1 features a traded and non-traded sector competing for an intra-

regionally mobile capital supply and the traded sector is more capital intensive than the non-traded 

sector.  The creation of an inter-regional labor market, whereby labor migration occurs in response to 

a disequilibrium shock and ceases when inter-regional wage parity is restored, allows the RME that 

occurred in Region 2 to in part be transferred to Region 1 via inter-regional labor flows. This is 

evident in the higher wage in Region 1 and lower wage in Region 2 relative to the no migration 

setting.  In this case one sees that when linked to Region 2 by the labor market, Region 1 yields a 

portion of its labor to Region 2.  When this happens the RME that otherwise would occur in Region 2 

is in part transferred to Region 1 via inter-regional labor migration.  Given that capital is also mobile 

between the two production sectors in Region 1, the region also undergoes the Rybczynski outcome: 

output falls in the labor-intensive non-traded sector while output increases in the capital-intensive 

traded sector.  For Region 1 overall, total GDP decreases, but its traded sector actually expands.  

In effect, under the assumption of intra-regional capital mobility between the traded and non-

traded sectors and inter-regional labor migration, pro-industrialization can occur in both the booming 

region and non-booming region at the expense of a smaller non-traded sector in each region. Because 

the regional labor markets are linked, a portion of the real wage gain that would have singularly 

occurred in Region 2 is now shared with Region 1 via the labor migration channel.  In this case, the 

traded sector capital owners in Region 2 are not in favor of inter-regional labor migration as it 

diminishes the amount of pro-industrialization that can occur in their region, while Region 1 traded 

sector capitalists endorse labor migration because a portion of the pro-industrialization shifts into 

their region. Migrant laborers and the wage-earners in Region 1 also welcome inter-regional labor 

migration under the Paradox Model setting while the initial labor supply of Region 2 opposes it.  

Overall, this exercise of replicating and then extending the Paradox model shows that labor migration 
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can transfer a portion of the RME to a non-booming economy, but capitalists in either region will 

either welcome or oppose labor migration depending on whether capital is sector-specific or not. 

3.5.2 Booming Models Featuring Labor Migration 

Turning to subsequent strands of the literature, we examine two papers that attempt to model 

migrant labor responses in a booming economy framework.  Vermulen (2011) and Beine et al. (2014) 

present a general equilibrium model of a single economy with two production sectors (tradeable and 

non-tradable good), sector-specific capital, and an inter-sectorally mobile labor supply comprised of 

a domestic and an exogenous “foreign” source.  The authors find that tradable sector output and 

employment increases to the extent the total labor supply - indigenous plus exogenous labor supply – 

increases during an energy boom.  The influx of supplementary labor from outside the economy 

diminishes aggregate marginal labor productivity, prompting tradable sector absorption of a 

proportion of the additional labor, thereby expanding its output.  The results therefore are quite 

similar to the simulation results in the thesis, which also show that the arrival of migrant labor into a 

booming economy dampens real wage growth, relative to a situation where there is no supplementary 

source of labor.  However, neither Vermulen (2011) nor Beine et al. (2014) attempt to assess the 

effects of labor migration on the economies providing the migrant labor to the booming economy. 

Furthermore, like Corden (1984), the main difference between Vermulen (2011), and Beine et al. 

(2014) and the results of this thesis is the lack of a mechanism to determine how much migrant labor 

leaves one jurisdiction and moves to the other.  Each of the papers simply posits than an 

exogenously-determined amount of labor leaves one jurisdiction to work in another.  

Without an endogenous labor supply response equilibrated by parity of regional wage rates, it 

is unclear what the exact implications of inter-jurisdictional labor supply movements actually are.  

More specifically, what is the optimal amount of labor migration?  If “too much” labor is permitted 

to leave one jurisdiction and move to the booming economy, the labor-receiving region could have 
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the real wage, post-labor migration, fall below the pre-migration wage rate. While a boon to all 

production sectors of the booming economy, both the indigenous labor supply and the migrant 

laborers would receive lower wages than they received prior to the boom. On the other hand, those 

laborers that could not migrate from the labor-exporting region to the booming region would benefit 

from a much higher wage rate by staying put and the production sectors in that region would shrink 

by a much larger amount than if labor migration was mediated by parity in inter-jurisdictional real 

wages.   

Conversely, if “too little” labor is imported, then all of the outcomes are reversed.  First, the 

dampening effect of the real wage rate from migrants could be less than optimal, from the standpoint 

of booming economy’s production sectors, and both the indigenous labor and those laborers that did 

manage to migrate to the booming region would be better off relative to a situation where labor 

migration was mediated by real wage differentials.  Second, the labor supply that remained in the 

labor-exporting region would not benefit from as high a wage, but the region’s production sectors 

would incur smaller reductions in output because less labor was permitted to leave.  This underscores 

the importance of modeling labor migration as an endogenous phenomenon, governed by inter-

jurisdiction real wages, as it allows one to understand what the optimal outcome in each jurisdiction 

would be.  If too much labor moves from one jurisdiction to the other, the loss in output in the labor-

exporting region would diminish, but not fully offset, the increase in production from the labor-

receiving region.  On the other hand, if too little labor migrates, then the opposite outcome occurs.  

Both outcomes result in a lower total welfare relative to the case where the optimal amount of labor 

migrates based on regional wage rates attaining post-boom parity.  

3.5.3 CGE Models Featuring Labor Migration 

While neither the seminal booming economy papers nor those featuring an exogenously-

determined labor supply are simulated via a CGE model, the use of CGE models featuring migrant 
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labor supply responses to particular economic phenomena is not new to the economics literature.  As 

depicted in Table 3.13, several papers in the economics literature have featured and analyzed the role 

of labor migration within the context of a CGE model.   

Table 3.13: CGE Models Featuring Endogenous Migrant Labor Supply Responses 

Publication Economic 
Phenomenon Modeled 

as a CGE 

Role of Labor Migration in 
CGE 

CGE Results of Labor Migration 

Jones and 
Whalley (1989) 

Federal/Provincial 
fiscal policy reform in 
Canada 

Labor moves inter-regionally in 
response to wage differentials, 
inter-provincial tax changes, and 
locational preferences 

Labor response small or large 
depending on intensity of locational 
preferences and magnitude of effect of 
inter-provincial fiscal changes on 
output and employment 

Benjamin et al 
(1989) 

Booming oil sector 
applied to a single 
African county 
(Cameroon)  

No interregional migration, as it 
is a single country model. Labor 
moves between the non-oil 
sectors only, because the oil 
sector is treated as an enclave 

Labor moves to non-traded sectors in 
response to a boom as the oil revenues 
are spent on non-traded goods 

Bandara 
(1991) 

Studies the effects of 
booming economy 
using the seminal 
Corden and Neary 
(1982) “core model” 
within a CGE 
framework 

Inter-sectoral labor movements 
only, no inter-regional labor 
migration because this is a single-
country model 

Labor moves from non-traded and 
traditional traded sector to the energy 
sector in response to a boom 

Robinson et al. 
(1993) 

U.S.-Mexico trade 
liberalization of 
agricultural and non-
agricultural goods 

Labor flows between U.S. and 
Mexican agricultural and non-
agricultural sectors and within 
Mexico’s agricultural and non-
agricultural sectors in response to 
wage differentials  

Complete trade liberalization and the 
removal of subsidies to Mexican 
agriculture results in large labor 
migration to the U.S. while more 
limited liberalization results in less 
labor migration to the U.S. and more 
intra-Mexico migration 

Gazel (1996) Effects of 1989 U.S.-
Canada Free Trade 
Agreement  

Inter-sectoral labor flows within 
Canada and inter-sectoral and 
interregional labor flows in U.S. 
based on wage differentials 

Trade liberalization led to wage gains 
in sectors most poised to gain from 
reduced trade barriers, with inter-
regional labor migration dampening 
those gains relative to a no labor 
migration setting 
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Table 3.13 Continued 

Taylor et al. 
(1999) 

Effects of agricultural 
policy reforms on a 
small Mexican village  

Village labor flows between 
village agricultural and non-
agricultural sectors, the U.S. 
agricultural sector, and the 
Mexican urban non-agricultural 
sector in response to wage 
differentials 

Reduction in agricultural price supports 
prompts a fall in village agricultural 
employment and leads to labor 
migration to other labor markets; the 
size of labor migration is tempered by 
compensating income lump-sum 
distributions to agricultural workers  

Iregui (2003) Global efficiency gains 
from the elimination of 
global restrictions on 
labor mobility 

Unfettered labor migration until 
the marginal product of labor 
across all nations is equal 

Equalization of labor remuneration 
produces worldwide efficiency gains of 
15%-67% of global GDP 

Stifel and 
Thorbecke 
(2003) 

Trade liberalization in a 
small country in sub-
Saharan Africa that 
lowers the country’s 
manufacturing import 
tariffs and trading 
partners’ tariffs on its 
agricultural goods 

Labor migrates between the 
country’s import-competing 
manufacturing sector and 
agricultural export sector in 
response to wage rate differentials 

Trade liberalization induces reverse 
migration of workers from the 
manufacturing sector to the rural 
agricultural sector.  Prior to 
liberalization the trend was rural to 
urban migration in response to higher 
manufacturing wages. 

Bae (2005) Welfare consequences 
of the imposition of a 
carbon tax and 
offsetting income tax 
reduction on a Small 
Open Economy 
(Pennsylvania) 

Inter-regional labor migration 
occurs in response to differentials 
in environmental quality and the 
after‐tax wage rate;  

 

Post-tax per capita welfare gain is 
higher in PA without labor in‐
migration, as in‐migration increases the 
PA labor supply and diminishes the 
magnitude of 

the after‐tax wage gain 

Baas and 
Brücker 
(2010a) 

 

Effects of European 
Union enlargement on 
trade and factor capital 
movements in old and 
new member states 

Labor migration flows from 
Central and Eastern European 
new member states to old member 
states (UK, Germany) based on 
real wage differentials 

Migration flows increased GDP, 
employment growth and 

total factor income of the UK, while 
Germany did not gain as much due to 
restrictions on labor flows 

Baas et al. 
(2010) 

 

Effects of European 
Union enlargement on 
trade and factor capital 
movements in old and 
new member states 

Labor migration flows from new 
member states to old member 
states based on real wage 
differentials, subject to wage 
rigidities, structural 
unemployment rates, and inter-
regional capital mobility 

Impact on aggregate wages and 
unemployment is small. 

Wages in receiving states decline by 
less than 0.1% in the short run and 
remain stable in the long run. 
Unemployment increases only slightly 
in the EU15 in the short run, but 
remains largely unaffected by 
immigration in the long-run. Increasing 
wage and declining unemployment 
rates in the sending member states in 
short term and neutral in the long run 
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Table 3.13 Continued 

Baas and 
Melzer (2012) 

Economic impacts of 
migrant labor 
remittances on the 
exchange rates and 
sectoral outputs of 
labor-importing and 
labor-exporting 
countries 

Utility maximization of migrants, 
including consideration of utility 
of family members remaining in 
home country 

Effects of migration on the labor 
importing and exporting nations hinge 
critically on the permanence of the 
migration decision.  Temporary 
migrants are more apt to remit larger 
sums of money and consume more 
goods in the labor-exporting country 
relative to migrants intending to stay in 
the labor importing country perpetually 

 

 The literature depicted in the table indicates that labor migration is an important 

consideration in the modeling of many economic phenomena (e.g. trade liberalization, agricultural 

policy reforms, and regional integration).  These phenomena provide the impetuses for 

disequilibrium shocks that allow economists and policy-makers to assess the impact such shocks 

have on regional and national measures of gross and per capita output and income, inter-regional and 

inter-sectoral labor allocation, and consumption via CGE models.  Strikingly, the literature review 

indicates that while endogenous labor migration is an important component of several CGE models, 

it has not been applied to the booming economy models in the tradition of Corden and Neary (1982) 

and Corden (1984).  While Benjamin et al. (1989) and Bandara (1991) both present CGE models that 

feature booming economies, both are single-country/region CGE models that proscribe altogether 

inter-regional labor migration. As such, the general equilibrium model presented in this thesis is the 

first in the literature to feature an endogenous inter-regional labor migration response to an NRR 

boom.   

3.6     Model limitations  

While the CGE model presented and simulated in the MPSGE syntax above does indeed 

indicate that the RME can be transmitted, via endogenous inter-regional labor migration flows, from 

a booming NRR economy to a regional economy lacking an energy sector altogether, it does suffer 

from limitations.  The main drawback to this approach of using a CGE model is that one cannot 
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prove the results analytically.  This is particularly the case with the labor migration equations 

depicted in equations (3.19-25) that lack a closed form solution. Consequently, one can only show 

results numerically, but cannot prove them analytically. That being the case it is therefore possible 

that the results presented above are only valid according to the micro-consistent dataset, functional 

forms, and parameterization of the model selected and that converse results are possible if other 

functional forms, datasets, and factor intensities are used.  

Three responses here are merited.  First, the economics literature lacks a closed form solution 

for labor movements between two production sectors, even in the simplest theoretical model set-up. 

For a two-sector, Cobb-Douglas specific-factors model, labor movements cannot be algebraically 

depicted in an equation with a closed form solution.  Neither the seminal papers on the specific 

factors model (e.g. Viner 1934; Jones, 1971;) nor any other paper, handout or textbook this author 

examined provides an example of an equation that shows how labor migrates between sectors in 

response to wage differentials until the wage rate equalizes across all sectors. As stated by John 

Gilbert34, professor of Economics at Utah State University, who works on specific factors models, a 

simple labor migration model involving just two production sectors, "can't be done in closed form 

even with simple production functions like Cobb-Douglas because it would require solving a 

polynomial of arbitrary order."  An optimization routine, whether Microsoft Excel Solver, 

MPSGE/GAMS, or another type of CGE model is needed to solve for the optimal amount of labor to 

leave one sector for the other such that wages are equalized across both sectors.   

Second, the model is intended to show what could happen when an endogenous inter-regional 

labor migration in response to regional differentials is allowed in a booming economy model – not 

what always happens.  To the greatest extent possible, the specific functional forms and 

parameterization adhere to the seminal booming economy model and stylized facts concerning factor 

                                                      
34 Quoted from email correspondence, 23 August 2015; also stated in Gilbert (2009). 
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intensities in the various industries.  Like the “core” model of Corden and Neary (1982) and Corden 

(1984) the CGE model presented in this thesis uses the specific-factors model, induces an energy 

boom by technological progress in the energy sector35, and assumes the traditional traded sector is 

more capital intensive than the non-traded sector and the energy sector is most capital intensive of all 

sectors. While the simulation presented in this thesis certainly does not account for every conceivable 

combination of parameterization, functional form, and dataset, it meticulously mirrors the seminal 

papers.  Under this plausible representation Corden and Neary (1982) and Corden (1984), it remains 

the task of the empirical work presented in the next chapter to determine whether the outcomes of the 

CGE modeling and simulation presented above are apparent in the data.   

Separately, important extensions to the booming economy literature tackle inter-temporal and 

long-run questions pertaining to LBD in the traditional traded sector, the role of income smoothing 

via instruments like offshore asset buying, and optimal policy (subsidy) interventions (van 

Wijnbergen 1984). The model presented and simulated above does not address these issues, as it is a 

one-period model where all of the proceeds from the boom are consumed, there is no need for 

savings and investment and there are no long run benefits or losses from the boom.  This is a 

seemingly major simplification, since we know that nation-states care about the fate of the traditional 

traded sector, ascribe - with scant empirical evidence - LBD externalities to that sector, and in some 

instances attempt to smooth income via investment vehicles like Sovereign Wealth Funds.  While 

such issues are a major concern in the booming economy literature, the purpose of this thesis is to 

study immediate booming economy effects – in particular in which regions these effects arise. The 

study evaluates what happens in the boom and where - not what happens after. Before inter-temporal 

                                                      
35 As stated in Corden and Neary (1982), a technological boom or an increase in the exogenously determined price 
of the energy good can both cause an energy boom, with no analytical difference in the results.  See Appendix D for 
a demonstration of how under the assumption of Cobb-Douglas production functions (the specific functional form 
used in this thesis) the effects of Hicks-neutral technological progress in the energy sector analytically has the same 
effect on Region 2 as an increase in the exogenously determined price of the energy good. 
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or long-run matters can be addressed one must establish whether inter-regional labor migration can 

temper, if not altogether obviate, the RME in the booming region and transfer part or all of the 

effects to a region lacking NRR production altogether.  To study booming economy effects, one must 

first establish where the effects occur before longer run issues or appropriate policy responses, if 

merited, can be addressed and implemented. 

3.7     A priori expectations 

The key results that were tested in the simulation above and will be evaluated in the empirical 

model to be presented in the next chapter are as follows: 

 During an NRR boom, labor migrates to booming economies 
  During an NRR boom, labor in-migration has a dampening effect on the booming 
economy’s wage rate and places upward pressure on the wage rate of the region yielding 
the labor 
  Total and per capita GDP grows faster in the booming economy than in the non-booming 
region during an energy boom as labor flows to the former from the latter 
  Total employment in the booming region grows faster than in the non-booming region 
during an energy boom as labor flows to the former from the latter 

 
 Traditional traded sector employment and non-traded sector employment in the booming 

economy grows faster in the booming economy than in the non-booming region during 
an energy boom as labor flows to the former from the latter 

 
 Each of these effects go into reverse, when an energy “bust” occurs 
 
 The larger the NRR sector - defined as the amount of output it can produce - in a regional 

economy, the greater each of the effects described above are 
 
 The effects of energy booms and busts are symmetric, provided the magnitude of both 

effects are the same, just the outcomes run in opposite directions 

 

The pairing of a (computable) general equilibrium model from which a priori expectations 

can be drawn with an empirical model whereby actual data can be used to test the propositions that 
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arise from the modeling and simulation, makes for more credible research findings relative to 

research that features only one or the other. To help illustrate this point, one can turn to Manski 

(2011), which describes via an actual example, the benefits and drawbacks of research that features a 

structural or reduced form model only.   

The paper describes two studies of cocaine-control policy published in the 1990s that were 

designed to inform U.S. policies regarding illegal drugs. Each study featured different approaches – 

one structural (Rydell and Everingham, 1994) and the other reduced form, time series analysis 

(Crane et al., 1997) – of modeling the supply and demand characteristics of the illicit cocaine market.  

The fundamental differences in model type, underlying assumptions, and data led both studies to 

arrive at diametrically opposed policy conclusions.   

Given the contradictory findings, the National Research Council (NRC) was asked by 

concerned congressional committees and executive branch agencies to assess the merits of each 

study.  While the study featuring a structural model only was lauded for identifying and explicitly 

modeling the complex interactions between economic agents engaged in producing and consuming 

cocaine, it was criticized for, “not yielding usable empirical findings on the relative cost-

effectiveness of alternative policies in reducing cocaine consumption,” (National Research Council, 

1999).  In assessing the study featuring a reduced form model only, the NRC approved of the study’s 

use of large sets of time series data concerning cocaine prices, purity, and use over several years as 

well as presenting empirical evidence of compelling statistical relationships between different 

variables.  However, the NRC reproved the study for making unsubstantiated linkages between 

variables due to the lack of an underlying theoretical model to support the claims.  Based on the 

fundamental shortcomings of both models – one strong on theory but paltry on empirics and the other 

just letting the data speak for itself with scarcely any motivating theory, the NRC recommended that 



95 
 

the relevant legislative and executive branch agencies use neither study to help inform policy for lack 

of credibility.   

This specific and policy-relevant example speaks to a long-running debate in economics 

concerning the appropriate balance between theory and empirics.  As pointed out by Mookherjee 

(2005), Joseph Schumpeter weighed in on the side of empirics, arguing in the classic tome History of 

Economic Analysis that the study of economic statistics and history should proceed, rather than 

follow, theory.  Conversely, in the trenchant critique of Tinbergen (1939), a publication concerning 

the statistical study of business cycles, Keynes (1940) warned of the “slippery problem of passing 

from statistical description to inductive generalization,” and denounced the fledgling field of 

econometrics as “statistical alchemy.” The famous Keynes-Tinbergen debate that ensued underscores 

the strengths and weaknesses of theory and empirics and to this day remains recommended reading 

for those concerned about the veracity of either approach (Hendry 1980).   

Empirical research has advanced considerably since the early part of the 20th century, 

growing in stature such that since the 1990s the preponderance of Clark medals awarded by the 

American Economic Association have gone to empiricists, a shift that is also reflected in faculty 

appointments in top universities and the focus of economics graduate programs (Kanbur 2005). 

Despite these inroads econometrics remains dogged by problems such as the reasonability of 

exogeneity assumptions, proper sample sizes, aggregation and dis-aggregation of data, lack of 

structural identification, and the difficulty of definitively linking observed empirical results to a 

given initial theory (Hendry 1980).   

On the other hand, for many economic questions, particularly those with policy implications, 

the theoretical expectation of a model is not sufficient – policy-makers frequently want to know not 

just the sign of a variable, but its magnitude as well.  Whether the economic question involves the 

role of money supply and the level of economic activity, the impact of a corporate tax reduction on 
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levels of aggregate investment, or how the imposition of rent controls affects the availability of 

housing, in virtually all cases policy-makers seek a quantitative response, which necessarily entails 

econometric estimates (Griffiths et al. 1993).  By applying actual data to an economic question one 

can test whether theoretical conclusions concerning economic phenomena and relationships are borne 

out in reality.  

Consequently, it is clear that neither a structural nor reduced form model in isolation is 

sufficient to answer the twin economic questions of “what will happen” and “by how much?”  Rather 

than being substitutes, theory and empirics are complementary goods in deepening and expanding 

economic science. By pairing a theoretical model (that has also been simulated in a CGE framework) 

with a complementary empirical model, this thesis is positioned to make a significant and 

methodologically credible contribution to the body of economic knowledge. 

3.8     Conclusions 

This chapter presented a booming economy model that relaxes the standard fixed labor 

supply assumption by featuring inter-regional labor migration endogenously determined by regional 

wage differentials and simulated it as a CGE model.  The model and simulation results showed that 

endogenous inter-regional labor migration flows mitigated the RME in the booming NRR region and 

transmitted a portion of its effects to a neighboring region not engaged in NRR production.  These 

results challenge the seminal papers and conventional wisdom of economists and policy makers that 

NRR booms affect a booming economy alone.  While the model focuses on short-term effects of an 

NRR boom and abstracts away from intertemporal and long-run issues, this paper posits that one 

must first establish where the effects arise before longer run issues and appropriate policy responses, 

if merited, can be tailored.   

The simulation approach and results were compared with previous work in the booming 

economy literature as well as the broader class of models that feature labor migration as part of a 
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CGE model. The model presented in this thesis compares favorably to the seminal models of NRR 

booms and specific papers that attempt to model labor migration. At best, these precursor papers 

simply assert an exogenously-determined amount of labor leaves one jurisdiction to work in another, 

reducing RME in the labor-receiving jurisdiction with nothing to say about the effects on the labor-

donating jurisdiction. However, without an endogenous labor supply response equilibrated by parity 

of regional wage rates, such papers lack a mechanism to determine economically how much migrant 

labor leaves one jurisdiction and moves to the other.  

Finally, a priori expectations of the model were enumerated in preparation for empirical 

testing.  The importance of pairing a theoretical model with an empirical estimation strategy was also 

explained, highlighting the robust methodological approach employed in this paper. 
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CHAPTER 4 

EMPIRICAL ESTIMATION APPROACH AND RESULTS 

 

This chapter presents an empirical estimation strategy that is primarily designed to measure 

whether a migrant labor supply response will temper, if not altogether obviate, a retreat in the 

traditional traded sector of NRR-intensive counties and export this outcome to adjoining, non-NRR 

regions – the key insights derived from the theoretical/CGE model presented in the prior section.  In 

order to empirically test the implications of the theoretical/CGE model several items need to be 

featured in the empirical estimation strategy, including: 

 Economic regions (representative examples of Region 1 and Region 2) evaluated at the most 

appropriate level of political jurisdiction and economic organization; 

 Per capita income and sectoral employment of the regions possessing and lacking NRR sectors; 

 Labor migration data; 

 Empirical method of comparing differences in outcomes in NRR-abundant regions (Region 2) 

and regions lacking NRR production sectors (Region 1)  

  NRR-abundant regions and regions lacking NRR production sectors (identification of Region 1 

and Region 2 economies) 

 Alternating periods of NRR booms and bust. 

How each of these key facets of the theoretical/CGE model presented earlier in this paper is 

featured in the empirical model is explained in turn. From there, the chapter will present the 

empirical results and evaluate how closely the econometric estimates correspond to the a priori 

expectations of the theoretical/CGE model presented in Chapter 3. 
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4.1       Empirical representation of the theoretical model 

For this study, economies resembling Region 1 and Region 2 are drawn from the U.S. county 

level of political jurisdiction and economic organization.  There are several reasons why U.S. 

counties are used to empirically test the theoretical model presented above and the overarching 

research questions of this paper.  First, the U.S. - given its large geographical span, population size, 

and orientation in favor of free movement of goods, factors of production, and people - is 

characterized by a high degree of labor mobility.  Americans are wont to move from one part of the 

country to another for a variety of reasons – economic, educational, climate, family, and other 

imperatives.  The U.S. Census Bureau (2003) reports that between 1995 and 2000, nearly half of the 

U.S. population moved from one residence to another, with two-fifths of the total moving from one 

county to another.  

Additionally, counties are largely homogenous political jurisdictions - one can easily control 

for otherwise problematic effects such as heterogeneous institutions, languages, currencies and 

governments, which typically afflict cross-country estimations.  Third, the patent heterogeneity 

within county economies, population composition, and amenities are even richer than intra-state 

variations.  For example, one needs look no further than the marked disparities between Weld County 

and Boulder County, Colorado, to get a sense of the heterogeneity of counties’ economic drivers, 

populations, and amenities.  Weld County produces more than 75% of the state’s petroleum and is 

among the most prolific oil-producing counties nationally.  By contrast, neighboring Boulder County 

is home to Colorado’s largest public research university and has one of the highest levels of per 

capita income in Colorado.  At nearly $55,000, Boulder County per capita income is 64% higher than 

adjoining Weld County (U.S. Bureau of Economic Analysis 2013).  Fourth, there are more than 

3,000 counties in the U.S., which greatly increases the sample size and the reliability of the 

econometric estimates.  Comparatively, there are only 50 U.S. states and the District of Columbia.   
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Finally, extensive quantitative and qualitative data sets for counties are collected and 

maintained by U.S. federal agencies, including total and per capita incomes, total and sectoral 

employment, and labor migration, allowing a researcher to assemble a large and extensive panel data 

set spanning more than 30 years of data - all of which are described in Appendix E. Among the most 

obscure and unique data sets featured in this paper is the county-to-county migration data derived 

from the Master File of Individual Income Tax Returns filed with the U.S. Internal Revenue Service 

from 1978-2012.  The author combined individual files spanning every year of availability into one 

comprehensive panel data set.  This is the first time in the literature this data has been combined into 

a data set and been used for econometric analysis utilizing the entire sample. 

This paper employs an empirical estimation strategy using panel data, as cross-sectional 

regression is liable to suffer from omitted variable bias because it does not control for time or entity-

specific fixed effects (van der Ploeg, 2011; Smith, 2015). However, use of panel data is not sufficient 

to appropriately evaluate how U.S. counties respond to NRR booms and busts.  Economic outcomes 

in NRR-abundant regions must be measured relative to a counterfactual – economic regions not 

experiencing an NRR boom for lack of an NRR sector. To that end, this study leverages quasi-

experimental conditions that allow one to compare economic outcomes in counties engaged in 

extensive and sustained NRR production relative to non-producing counties during different epochs 

of NRR prices.   

The standard approach to counterfactual analysis, the Difference-in-Difference (diff-in-diff) 

method, is used in this paper.  The technique, first pioneered by Card (1990), performs a comparison 

of the mean of the outcome in two groups - treatment and control.  The former is exposed to a 

temporal event (a treatment) - in this case an NRR boom or bust - while the latter group is immune or 

unaffected by the treatment.  During the treatment the average change of the dependent variable in 

the control group is subtracted from the average change of the treatment group.  By comparing 
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outcomes in the treatment and control units in this way, the procedure eliminates biases that could 

otherwise manifest from permanent structural differences between those groups or trends over time 

(Imbens and Woolridge 2007). 

To assign the 3,081 U.S. counties in the panel dataset of earnings, employment, labor 

migration, and natural resource production to either treatment or control units, the following method 

is used that is similar to Allcott and Keniston (2014).  Counties that produced oil, natural gas, coal or 

major non-fuel minerals36 in any year between 1979 and 2012 constitute treatment counties.  All 

other counties that had no hydrocarbon or mineral production whatsoever constitute control counties.  

Figure 4.1 maps the treatment and control counties.  The map includes four classifications: 1) NRR-

producing counties; 2) non-producing, but adjacent to NRR-producing counties (first-order 

adjacency); 3) non-producing and adjacent to non-producing counties that are adjacent to NRR-

producing counties (second-order adjacency); 4) non-producing, no adjacency whatsoever. 

 

 

Figure 4.1: Treatment and Control Counties 

                                                      
36 Major non-fuel minerals include copper, gold, silver, lead, molybdenum, iron ore, and zinc.   

http://dola.colorado.gov/cms-base/sites/dola.colorado.gov.gis-cms/files/projects/resourcesmap3/resources_v3.html
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Using the simple county treatment and control assignment rule specified above, there are 

1,182 treatment counties (Region 2) and 1,899 control counties (Region 1).  Of the 1,182 treatment 

counties, 1,105 counties produce oil and natural gas, 288 produce coal, 33 produce a major non-fuel 

mineral and 245 counties produce two or more of these three major NRR categories.   Similar to 

Black et al. (2005) and Allcott and Keniston (2014), the treatment counties are further sub-divided as 

“low” and “high” producers.  The 426 counties classified as high producers have average annual 

production (1979-2012) exceeding the median value for all counties.  Using this definition there are 

86 high-treatment coal counties, 33 non-fuel mineral, and 307 high-treatment oil and natural gas 

producing counties. The demarcation of high and low treatment counties not only provides a further 

robustness check on the results, but also allows one to test a key expectation arising from the 

theoretical/CGE model – regions with large NRR sectors should experience greater booming 

economy effects (intra-regional labor migration) during periods of NRR booms or busts than regions 

with smaller NRR sectors.   The resultant summary statistics for the treatment and control counties, 

calculated over the study period of 1980-2012, are displayed in Table 4.1. 

Table 4.1: Summary Statistics – Treatment and Control Counties 

 

 Variable   Obs   Mean   Std. Dev.   Min   Max  

Treatment Counties 

(Region 2) 

      Population   38,949   86,452   347,537   55   9,951,690  
 Real Income   38,949   2,743,879   12,800,000   3,183   456,000,000  
 Per Capita Income   38,949   25,440   7,618   5,669   114,574  
 Total Jobs   38,949   46,765   204,775   60   5,772,756  
      
 Real Wage (Annual)   38,948   $32,004   $8,963   $312   $101,497  
 Manufacturing Jobs   36,301   5,852   27,687   -     943,685  
 Labor In-migration   36,508   1,800   5,501   -     124,692  
 State Population   38,950   8,765,036   7,979,754   453,690   38,000,000  
 Border State Population   38,950   24,000,000   13,100,000   2,767,399   53,500,000  
      

      Control Counties 

(Region 1)  Obs   Mean   Std. Dev.   Min   Max  

       Population   62,655   87,262   234,500   414   5,373,418  
 Real Income   62,655   2,968,687   9,486,376   2,449   256,000,000  
 Per Capita Income   62,655   26,680   8,486   5,709   127,796  
 Total Jobs   62,655   49,241   148,935   171   3,340,541  
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Table 4.1 Continued 
 Real Wage (Annual)   62,642   $32,062   $9,070   $681   $120,099  
 Manufacturing Jobs   59,662   6,078   16,523   -     645,392  
 Labor In-migration   58,805   2,165   5,039   -     83,007  
 State Population   62,657   6,210,243   5,203,418   453,690   38,000,000  
 Border State Population   62,657   25,500,000   12,400,000  2,767,399     53,500,000  

 

The average populations in the treatment and control counties are comparable, as is real and 

per capita income, total and sectoral jobs and labor migration.  The same holds for virtually every 

other variable as well.  From this table one can conclude the treatment and control counties are 

appropriate for diff-in-diff regressions.  In classifying the counties as treatment or control no 

qualifying distinction is made as to whether counties are rural or urban, as the theoretical/CGE model 

specified earlier in this paper made no such distinction.  Many studies in the literature, including 

Black et al. (2005), Marchand (2012), Allcott and Keniston (2014), Fleming and Measham (2014), 

and Maniloff and Mastromonaco (2014) drop all metropolitan counties from the data set, thereby 

comparing outcomes between rural counties only.  This adjustment is in accordance with the 

contention by these authors that mineral and energy production occurs primarily in rural areas.  

Following a similar tack in this study would leave just a total of 2,087 counties, of which 1,011 are 

treatment and 1,076 are control.   However, this paper does not drop the metropolitan counties, as 

there are several instances of large metro U.S. counties that have NRR production within its borders.  

The City and County of Los Angeles, California, for example, is one of the largest oil-producing 

counties in the United States and other energy-rich urban counties include the City and County of 

Denver, Colorado, Harris County (Houston, Texas), and Dallas County, Texas.   

Nonetheless, it is unlikely large metropolitan areas like Denver or Los Angeles are 

experiencing the same data generating process as rural areas such as Gillette, Wyoming – the largest 

coal-producing county in the U.S. and self-proclaimed “Energy Capital of the Nation.”  For the 

regression results that are displayed below, robustness checks are applied whereby the regressions 
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are re-run dropping all metropolitan counties from the treatment and control groups, thereby 

providing diff-in-diff results for rural counties only37.  These robustness checks are displayed in a 

separate appendix.  Periods of boom, bust, and trough were identified by graphical analysis of 

benchmark NRR prices.  The “bust” in U.S. NRR prices spans 1980-1986, the “trough” spans 1987-

2002, and the “boom” spans 2003-2012.  Although the trough term was not featured in the 

theoretical/CGE model specified earlier in this paper, the trough term was inserted into the empirical 

model to recognize that for the period 1987-2002 mineral and energy commodity prices remained at 

a relatively constant, albeit low, level interspersing the period of boom and bust in NRR prices. In 

that sense the trough period should be interpreted as a baseline not necessarily equal to zero38. For the 

purposes of this study, the real West Texas Intermediate (WTI) petroleum price is used as the proxy 

for NRR prices - see Figure 4.2.  

 

Figure 4.2: Real WTI price across the study sample period. Source:  Moodys Analytics, prices 
adjusted to 2005 dollars via consumer price index deflator 

                                                      
37 Although not reported here, the summary statistics for the treatment and control groups when all metropolitan 
counties are dropped indicate that the revised treatment and control counties are comparable in all variables. One 
can conclude these treatment and control counties are likewise appropriate for diff- in-diff regressions. 
38 Because mineral and energy prices, particularly the benchmark U.S. oil price, did not reach a nadir until 1998 and 
was below the 1986 price in the years 1988 and 1993-99, the trough period could also be considered a less dramatic 
continuation of the bust – “bust light” as it were.   
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 Use of the WTI oil price as a proxy for NRR prices is predicated on the body of evidence that 

energy and non-fuel mineral commodity prices exhibit a penchant to move together, controlling for 

macroeconomic forces such as aggregate demand fluctuations, inflation, industrial production, and 

exchange rates (Pindyck and Rotemburg, 1990; Cuddington and Jerrett, 2008; World Bank, 2009; 

Zellou and Cuddington, 2012; Byrne et al., 2013).   

To further underscore this contention, Figure 4.3 graphs the real prices of oil, coal, and major 

non-fuel minerals, expressed in log first-differences from 1979-2010.  The graph generally shows 

that the year-to-year changes in these hydrocarbon and non-fuel minerals prices move in tandem.  

Table 4.2 provides supporting statistical evidence in the form of covariance analysis of the series in 

Figure 4.3, specifically pairwise correlation coefficients.  From this table one can see that each 

commodity pairing (with the exception of coal/nickel and nickel/silver) is positively correlated at a 

95% or higher confidence level.   

Additionally, using the same data several Vector Autoregression-based tests of co-integration 

using the methodology developed in Johansen (1991, 1995) find statistical evidence of pairwise co-

integration at the 95% confidence level for price series pairings such as oil and coal, coal and copper, 

oil and copper, oil and nickel, oil and silver, oil and gold, among others. Taken together, these results 

strongly support use of the WTI price as the benchmark price series that is representative of fuel and 

non-fuel minerals.   

Nevertheless, for the regressions results that are displayed below, robustness checks are 

applied whereby the regressions are re-run dropping coal mining and non-fuel mining counties in 

separate specifications.  These results are displayed in Appendix F. Furthermore, alternative methods 

for analyzing price series are described later in this paper, which may help economists and policy-

makers pursue additional facets of economic research based on different price series.   
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Figure 4.3: Co-movement of Real Oil, Coal, and Major Non-Fuel Minerals Prices 1979-2010. 
Sources: Heap (2005), Cuddington and Jerrett (2008), and Zellou and Cuddington (2012) 

 

Table 4.2: Covariance Analysis – Real Oil, Coal, and Major Non-Fuel Minerals Prices 

Covariance Analysis: Ordinary      
Date: 10/06/15   Time: 23:29      
Sample: 1979 2010      
Included observations: 32      
        
        Correlation       
t-Statistic       
Probability AG  AU  CU  NI  PB  OIL  COAL  

AG  1.000000       
 -----        
 -----        
        

AU  0.724993 1.000000      
 5.765392 -----       
 0.0000 -----       
        

CU  0.555738 0.641766 1.000000     
 3.661361 4.583512 -----      
 0.0010 0.0001 -----      
        

NI  0.292853 0.365644 0.842261 1.000000    
 1.677570 2.151709 8.557802 -----     
 0.1038 0.0396 0.0000 -----     
        

PB  0.817830 0.639243 0.759252 0.563229 1.000000   
 7.784102 4.553001 6.389996 3.733425 -----    
 0.0000 0.0001 0.0000 0.0008 -----    
        

OIL  0.738588 0.771039 0.749535 0.520450 0.709586 1.000000  
 6.000701 6.631956 6.201798 3.338385 5.515842 -----   
 0.0000 0.0000 0.0000 0.0023 0.0000 -----   
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Table 4.2 Continued 

        
COAL  0.778516 0.752898 0.277199 0.083810 0.464647 0.597846 1.000000 

 6.794034 6.265863 1.580206 0.460664 2.874069 4.084947 -----  
 0.0000 0.0000 0.1245 0.6484 0.0074 0.0003 -----  

        
         

It is also important to note that whereas the theoretical/CGE model presented in this paper 

models booms (busts) as an increase (decrease) in the NRR sector’s technology term, the empirical 

model uses major upward or downward shifts in NRR prices to represent booms and busts. This is 

done for several reasons.  First, the seminal papers of Corden and Neary (1982) and Corden (1984) 

mention four scenarios by which a mineral or energy “boom” may transpire: 1) a Hicks-neutral or 

non-neutral improvement in extraction technology; 2) discovery and extraction of newly-discovered 

energy deposits; 3) exogenous inflow of foreign capital into the mineral or energy sector; 4) an 

increase in the world price of mineral and energy commodities.  Analytically, the inter-sectoral 

adjustments triggered by any of these four catalysts are the same (Corden and Neary, 1982; Corden, 

1984).  Accordingly, it is immaterial which of the four scenarios is used.  In the MPSGE/GAMS 

syntax in which the theoretical/CGE model was written, the standard Corden and Neary (1982) and 

Corden (1984) representation of a boom (Hicks-neutral technological progress in the NRR sector) 

was chosen to be consistent with the seminal paper and presented the most replicable method of 

coding the CGE model.   

However, use of technological change in the NRR sector as the source of a boom and bust in 

an empirical setting presents several practical challenges, including what constitutes technological 

progress in different NRR sectors, when and for how long were such technologies used, and how to 

characterize busts in NRR production using a technology term. Examples of transformational NRR 

technologies could include the advent of ultra-deepwater platforms, hydraulic fracturing, horizontal 

drilling, or shale gas extraction in the oil and gas sector (Nülle, 2015), or the solvent extraction 
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electrowinning (SX-EW) process, computerization of truck scheduling, and real time process 

controls in mills in the U.S. copper sector (Tilton and Landsberg, 1999).  Determining which 

technologies are “boom defining” is inherently complex and necessarily subjective.  

Second, regardless of the method chosen to identify what specific technologies cause the 

boom, one must then establish when the particular technologies were introduced to all treatment 

counties, a commensurately daunting task.  For example, hydraulic fracturing was first introduced to 

the massive Wattenberg oilfield near Denver, Colorado in 1973 (Fast et al., 1977), the first horizontal 

well was drilled in the Bakken formation of North Dakota in 1987 (LeFever, 2004), and SX-EW was 

introduced at different U.S. copper mines at different times throughout the 1980s (Tilton and 

Landsberg, 1999). Perhaps most difficult of all is explaining how a technology bust could occur in 

the NRR sector.  Does a bust occur because the technology defining the boom (however identified) 

suddenly deteriorated, became obsolete, or legally proscribed such that it prompted retrenchments in 

NRR productivity and output?  Like defining the technology and the timeframe in which it was 

introduced to all treatment counties, identifying an NRR bust via technological regress is both a 

labor-intensive and necessarily subjective undertaking.  Alternatively, defining periods of boom and 

bust by upswings and downswings in publically-available NRR prices provides a much simpler, 

reliable, and objective approach that is consistent with the theoretical model presented in this paper.   

Having explained how the theoretical model is represented in an empirical setting, we can 

now turn to the specific econometric equations. 

4.2       Regression Equations Specifications 

The chief econometric equation specification, focusing on annual changes in county 

aggregate and sectoral effects spanning 1980 to 2012, is 

 ∆ , = �  + � , + ∑ �  ,  = + �5 � , + ∑ �  � , ,  = + �9 , + + �  + . (4.1) 
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The dependent variable represents the natural log of annual county-level outcomes of 

interest, including 1) sectoral employment (traded and non-traded goods); 2) per capita income; 3) 

labor migration, which is operationalized in terms of the number of laborers; 4) real wages.  

Regarding sectoral definitions, the manufacturing industry represents the traditional traded goods 

sector, and the aggregated construction, local government, and finance, insurance and real estate 

(FIRE) industries comprise the non-traded goods sector.  These sectoral definitions are in accordance 

with among others Black et al. (2005) and Allcott and Keniston (2014). 

With respect to the independent variables, they are as follows, from left-to-right in the 

equation specified above: 1) intercept; 2) vector of initial period (for the year 1980) controls: 

population density, percentage male residents, percentage white residents, percentage high school 

and college graduates, percentage 65 years and older population, real average annual wage, and real 

per capita income, as in Weber (2012); 3) three interaction terms between T (“Treatment” County 

dummy variable: 0 for Control County, 1 for Treatment County – as defined above) and B (dummy 

variable indicating whether the NRR sector is in one of three periods - boom, bust, or trough) - 

similar to Black et al. (2005) and Marchand (2012); 4) labor in-migration (based on tax filings) to 

determine the variable’s effect on the other county-level dependent variables; 5) three interaction 

terms between B (dummy variable indicating whether energy production is in one of three periods - 

boom, bust, or trough) and in-migration; 6) vector of county controls, including natural amenity 

index ranking, metropolitan area designation, binary variable indicating whether the county data 

observation is in the years the North American Industry Classification System is used, binary 

variable denoting whether control counties are adjacent to treatment counties; 7) state fixed effects 8) 

time fixed effects; 9) error term.  See Appendix E for details concerning data descriptions and 

sources.   
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In this econometric specification labor migration is a dependent variable in one regression 

and an independent variable in all other regressions.  When labor migration serves as the dependent 

variable, the independent variables 4) and 5) are dropped from the regression equation and 

substituted by the state population (within which the county is located) and the total population of 

bordering states.   

In the case of labor migration as an independent variable, the approach changes. Recalling 

the theoretical/CGE model explicated in this paper, labor migration is endogenous in the model - a 

function of real wage differentials.  Moreover, the movement of labor from one region to the other 

affects regional rates of total and sectoral job and aggregate and per capita income growth.  Virtually 

any regression that features total or sectoral jobs or wages as the dependent variable and labor 

migration as an independent variable is liable to suffer from simultaneous causality.  Simultaneous 

causality leads to biased and inconsistent ordinary least squares estimates.  Consequently, 

instrumental variables (IV) regression is required.   

Effective instruments used in IV regression should be correlated with the variable for which 

an instrument is needed, but be uncorrelated with the error term in the regression equation.  Several 

candidate instruments present themselves – the size of the oil and gas output in a given county, 

county unemployment rates, and bordering state populations.  Evaluating these alternative 

instruments, oil and gas output in a county could not only drive total and sectoral employment and 

earnings in a given county, but the causality could run the other direction.  In particular, the decision 

to engage in hydrocarbon development and the level of activity at which it occurs may not ensue 

randomly, but may be a function of low levels of job growth and earnings in the county.  Because a 

county is underdeveloped, it had no choice but to engage in oil and gas development (Maniloff and 

Mastromonaco 2014).  While unemployment is generally thought to be an inducement to inter-

regional labor migration (Todaro 1969; Harris and Todaro 1970; Bhatia 2002), the theoretical model 
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presented earlier in this paper assumes full employment, obviating the use of the unemployment rate 

as an instrument39.   

By contrast, the total population of states bordering the state within which a particular county 

is located is likely to be positively correlated with labor migration but uncorrelated with the error 

term.  As such, the bordering states’ total population serves as the first instrument for labor 

migration.  However, this instrument addresses only spatial variation, not temporal variation.  In 

order to address this deficiency, a second instrument is added, an interaction term between the 

bordering state(s) population and the real WTI oil price.  Lastly, in order to ensure the interaction 

term is not biased, the real WTI price is added as a stand-alone instrument, bringing the total number 

of instruments to three.  

Overall, the key independent variables of interest are the three interaction terms between 

treatment and periods of boom, bust, and trough, as well as the labor migration variable40.  The 

coefficient values and statistical significance of these variables are the focus of the regression results 

displayed below.  

4.3       Regression Results for Treatment and Control Counties 

The regression results focus on the following questions 1) during an NRR boom, does labor 

migrate to NRR-abundant counties faster than counties lacking an NRR sector; 2) does labor in-

migration have a dampening effect on the real wage rate; 3) during an NRR boom does per capita 

income grow faster in the booming economy than in the non-booming regions during an energy 

boom as labor flows to the former from the latter; 4) do each of these effects go into reverse, when an 

energy “bust” occurs; 5) are the effects of boom and bust amplified by the size of the NRR sector of 

the NRR-abundant economies? 

                                                      
39 Additionally, unemployment rate data at the county level only dates back to 1990.  The regressions in this thesis 
use data spanning from 1980-2012. 
40 Except when the labor migration variable is featured as the dependent variable. 
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Table 4.3 presents the first set of econometric results from equation (4.1), focusing on the 

difference in the difference in the growth rates of labor migration between treatment and control 

counties during the periods of boom, bust, and trough over the study period of 1980-2012.  The 

interpretation of the regression results is in accordance with, among others, Black et al. (2005) and 

Allcott and Keniston (2014), which performed identical diff-in-diff regressions.  The regression 

results for the dependent variables are displayed by column, with the independent variables of 

interest arrayed in the first column. For this first set of regressions the dependent variable is the same, 

the only difference is that the treatment group for the first regression is all NRR-producing counties 

while the second regression restricts the treatment group to only high-producing NRR counties. 

Table 4.3: Labor Migration Regression Results 

 

 Labor in-migration - All Labor in-migration - High 
Treated 

Treatment*NRR_Bust -0.02962 -0.04472 
 [5.93]*** [4.94]*** 
   
Treatment*NRR_Trough -0.00134 0.00251 
 [1.00] 

 
[1.08] 

Treatment*NRR_Boom 0.00408 0.01189 
 [3.25]*** [5.15]*** 
   
   
R2 0.07 0.07 
N 88,158 63,589 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

The results indicate that during an NRR boom labor migrates approximately 0.41% faster 

into the treatment counties relative to the control counties when the treatment counties include all 

NRR-producing counties. When the treatment group is circumscribed to high treatment counties 

only, then labor migrates at a threefold faster rate (1.2%) into treatment counties relative to control 

counties during a boom.  From a magnitude perspective, during the boom period 2003 to 2012 the 

treatment counties as a group added nearly 100,000 net migrant laborers more per year than control 



113 
 

counties and high treatment counties added nearly 300,000 net migrant laborers per year. Taking into 

account the number of counties in each group, the treatment counties added some 1,000 laborers per 

county per year, while the high treatment counties added some 10,000 per year. Because of the nature 

of the boom there is no implication that these flows where sustained; the flows may have been much 

stronger at the start of the boom and trailed off during the end. Our test can only determine the 

average flow over the period. 

These results accord with the a priori expectation of the theoretical model that labor migrates 

to booming NRR economies (Region 2) and that the larger the energy boom, represented by the high 

treatment counties, the larger the labor migration into Region 2-type economies. Also, note that the 

converse occurs during an energy bust.  During the bust period labor migrates into the treatment 

counties at a rate that is 3%-4.4% slower than control counties, again in accordance with the a priori 

expectations of the theoretical model that during an NRR bust labor leaves NRR-abundant economies 

(Region 2) to find work in regions lacking an NRR sector (Region 1) and that the magnitude of the 

effect is amplified in NRR economies with large NRR sectors (the high treatment counties).  Also 

note that the rates of growth in the boom period and bust period are not symmetric – for both sets of 

treatment counties, the coefficient of the bust term is much larger than the corresponding boom term.  

Finally, the results for the boom and bust terms are both statistically significant at the 95% 

confidence level or higher and that the trough term is indeed just a baseline that is close to, though 

not necessarily equal to, zero. 

The second set of regressions focus on differences in the differences in growth rates of per 

capita income and real earnings per job (wage rate) between treatment and control counties during 

the periods of NRR boom, bust, and trough.  As depicted in Table 4.4, during an NRR boom per 

capita income grows faster in treatment counties than control counties, at a rate of 0.7% faster per 

year in all treatment counties and a rate of nearly 1% faster for high treatment counties. From a 
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magnitude perspective, during the boom from 2003 to 2012, year on year annual per capita income 

across all control counties grew by an average of $5,400 while in all treatment counties grew by 

$8,000. In  high treatment counties it grew by $9,100.  During an NRR bust, per capita income grows 

much slower in the treatment counties than control counties; again, the rate of growth is amplified in 

the high treatment counties. Note too that the labor in-migration variable has a positive and 

statistically significant effect on growth in per capita income.  Each of these results are in accordance 

with the theoretical/CGE model simulation earlier in the paper where per capita income grows faster 

in treatment counties than control counties during a boom and reverses during a bust. 

Table 4.4: Per Capita Income and Real Wage Results 

 

 Real Per 
Capita 
Income 

All Treatment 
Counties 

Real Earnings 
per Job 

All Treatment 
Counties 

Real Per Capita 
Income 

High Treatment 
Counties 

Real Earnings per 
Job 

High Treatment 
Counties 

Labor in-migration 0.00802 -0.00305 0.00603 -0.00452 
 [7.00]*** [2.09]** [5.17]*** [3.03]*** 
Treatment*NRR_Bust -0.01824 -0.02138 -0.03096 -0.03440 
 [17.53]*** [12.70]*** [17.90]*** [14.84]*** 
Treatment*NRR_Trough -0.00128 -0.00122 -0.00193 -0.00265 
 [3.31]*** [2.00]** [3.13]*** [2.93]*** 
Treatment*NRR_Boom 0.00658 0.00615 0.00977 0.00934 
 [10.64]*** [8.14]*** [10.71]*** [8.00]*** 
     
R2 0.13 0.09 0.14 0.10 
N 88,158 88,154 66,125 66,121 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 

 

The regressions concerning real earnings per job speak to how real wage rates in treatment 

(Region 2) counties and control counties (Region 1) respond, in the presence of labor migration, to 

periods of NRR booms and busts.  For both the entire treatment group and the high treatment group 

wage rates do grow faster during a boom in these treatment groups relative to the control group, 

ranging from 0.6% to 0.9% faster.  From a magnitude perspective, during the boom from 2003 to 
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2012, the annual wage across all control counties grew by $6,300 year on year while in all treatment 

counties it grew by $9,800. In high treatment counties it grew by $10,900.  However, it is also clear 

from the sign and statistical significance of the labor in-migration variable for each regression that 

labor in-migration placed downward pressure on the wage rates that would have been realized in the 

absence of labor migration.  

On the surface, evidence that wage rates grow faster in the treatment counties than the control 

counties seem to contradict the results of the theoretical/CGE model simulation.  However, one must 

recall that whereas the simulation was a one-period model, where equilibrium is restored as real 

wage rates equilibrate due to instantaneous inter-regional labor migration, the boom period of 2003-

2012 in the regression equation was still ongoing, as high oil prices persisted through late 2014.  

Indeed, it is precisely the positive wage differential in favor of the booming NRR economies that is 

prompting labor to migrate from counties lacking an NRR sector – the very results observed in Table 

4.3.  The negative and statistically significant coefficient for labor in-migration (instrumented by 

bordering state population, an interaction term between the bordering state populations and WTI oil 

price, and that benchmark U.S. oil price alone41) accord with the a priori expectation of the 

theoretical model that labor in-migration dampens wage growth in the region receiving migrant 

labor.  As such, the results in Table 4.4 correspond, albeit imperfectly, with the a priori expectations 

of the theoretical/CGE model.  Finally note that the coefficients on the bust term in all cases exceed 

the corresponding boom term, which goes against the theoretical expectation that the effects of NRR 

booms and busts are symmetric. 

The last set of regressions speaks to the main question of this research paper – whether inter-

                                                      
41 In each of the IV regression results, Wooldridge’s (1995) robust score test was used to determine whether 
endogenous regressors in the model are in fact exogenous and whether the IV regressions suffered from over-
identifying restrictions.  For each IV regression, all regressors were found to be exogenous and no over-
identification detected.  In all regressions, all but one of the interaction terms between the in-migration variable and 
period dummy were dropped from the results due to multi-collinearity. 
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regional labor migration allows a booming NRR economy to relieve pressure on its traditional traded 

sector through inflows of migrant labor.  Recalling the theoretical/CGE model simulation earlier in 

this paper, booming NRR economies (Region 2) experience faster growth rates in traditional traded 

sector and non-traded sector output (measured via employment) than economies lacking an NRR 

sector (Region 1) due to labor migration flows from the latter to the former and vice versa during a 

bust.  Table 4.5 displays the results of the regressions testing the expectations of the theoretical/CGE 

model. 

Table 4.5: Traded Sector and Non-Traded Sector Job Growth 

 Manufacturing 
Jobs 

All Treatment 
Counties 

Non-traded 
Sector Jobs 

All Treatment 
Counties 

Manufacturing 
Jobs 

High Treatment 
Counties 

Non-traded Sector 
Jobs 

High Treatment 
Counties 

Labor in-migration 0.00919 0.01055 0.00628 0.00941 
 [5.54]*** [10.76]*** [3.60]*** [8.71]*** 
Treatment*NRR_Bust -0.02111 -0.01410 -0.02905 -0.02146 
 [5.79]*** [7.87]*** [5.20]*** [6.24]*** 
Treatment*NRR_Trough 0.00015 -0.00179 0.00318 -0.00475 
 [0.08] [2.04]** [1.10] [3.02]*** 
Treatment*NRR_Boom 0.00224 0.00454 0.01114 0.00603* 
 [1.06] [3.10]*** [3.74]*** [1.92] 
     
R2 0.10 0.20 0.11 0.22 
N 81,466 75,789 61,293 57,080 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 

Looking at the coefficient estimates, during an NRR boom the traditional traded sector, 

represented as a county manufacturing sector, grows faster in treatment counties than control 

counties at a rate of 0.2%-1.1% depending on whether all treatment counties, or the high treatment 

counties only, are included in the regression.  The high treatment county boom-treatment interaction 

term is statistically significant at a 99% confidence level, while the same coefficient in the all 

treatment county case is not significantly different from zero.   

At a minimum, in the all treatment counties case the results are in alignment with Black et al. 
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(2005), Marchand (2012) and others that find that there is no evidence that the traditional traded 

sector shrinks in a booming mineral or energy economy – the opposite assertion of the core Corden 

and Neary (1982) and Corden (1984) expectation.  At best, in the high treatment county case because 

manufacturing jobs grow 1.1% faster in the high treatment counties than control counties and the 

results are statistically significant at this 99% confidence level, the empirical results are consistent 

with the main expectation of the theoretical/CGE model – the traditional traded sector in booming 

energy regions grows relatively faster than non-booming regions on account of labor in-migration.  

From a magnitude perspective, during the boom period of 2003 to 2012, manufacturing across the 

U.S. was on the decline from both a secular and cyclical standpoint.  During that period, all control 

counties lost 1.7 million manufacturing jobs while treatment counties lost only 0.9 million jobs and 

high treatment counties lost 0.5 million jobs.  While manufacturing was declining overall in the U.S. 

during that period, the diff-in-diff regressions show that manufacturing was actually growing relative 

faster (declining less slowly) in treatment counties relative to control counties. While the theoretical 

model presented in Section 3.2 would expect faster manufacturing job declines in treatment counties 

due to the booming sector, even though that decline would be moderated by the migrant labor flow, 

there is obviously something else going on in the empirical results such that the manufacturing 

decline is actually slower in the treatment counties during the boom. The boom, in other words, was 

pro-industrialization. Reasons for pro-industrialization during a boom have been mentioned in 

Cordon and Neary (1982), and it is possible that some of those effects were occurring in our 

treatment counties during the boom. Another possibility, given the generally rural nature of our 

treatment counties, is agglomeration effects. 

On the other hand, during an NRR bust the manufacturing sectors of the all treatment and 

high treatment (Region 2) counties shrink relative to the (Region 1) control counties, also in 

alignment with a priori expectations of the model.  Once again, however, the bust coefficient is 
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several times larger in absolute terms than the boom coefficient, suggesting that NRR economies’ 

responses are not symmetric.  The results regarding the non-traded sector are similar to the traded 

sector results in that the treatment counties grow faster than control counties during a boom, slower 

during a bust, the coefficients values are not symmetric, and the results are amplified in the case of 

high treatment counties.  In all four regressions labor in-migration is positive and statistically 

significant in accelerating growth in traded and non-traded sector jobs, also consistent with the 

theoretical model.   

As mentioned earlier, for the regression results that are displayed above, robustness checks 

are applied whereby the regressions are re-run dropping coal mining and non-fuel mining counties in 

separate specifications.  These results, displayed in Appendix F, indicate that the regression results in 

terms of sign, magnitude and statistical significance of the coefficients are virtually the same whether 

using oil, natural gas, coal, and non-fuel minerals in the regressions, or dropping the last two 

categories from the treatment group.  Furthermore, Appendix G displays results for a second set of 

robustness checks whereby all metropolitan counties (treatment and control) are dropped from the 

regressions resulting in diff-in-diff regressions comparing rural county outcomes only.  The empirical 

results of the robustness checks are virtually the same as the regressions including all counties, save 

one important component.  The coefficient estimates for the effect of labor in-migration on per capita 

income, real wages, and traded and non-traded sector jobs are notably larger in magnitude when 

metropolitan counties are dropped relative to the baseline regressions reported above.  This means 

that in a rural county only setting, labor in-migration has an even more acute dampening effect on 

wage growth, and provides a greater boost to per capita income and traded and non-traded sector job 

growth than when metropolitan counties are included.  Simply stated, labor in-migration has larger 

economic effects in rural settings. 

To summarize the results thus far, the empirical estimation results have verified that in 
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accordance with the theoretical/CGE model 

 Labor does migrate to NRR-abundant (Region 2) counties faster than counties lacking an 

NRR sector (Region 1); 

 Labor in-migration does have a dampening effect on county wage rates;  

 Per capita income grows faster in the booming economy (Region 2) than in the non-booming 

counties (Region 1); 

 The effects are amplified by the size of the NRR sector (All treatment versus High Treatment 

counties only; 

 Each of these effects goes into reverse, when an NRR “bust” occurs. 

The only empirical outcome that ran contrary to the a priori expectations of the 

theoretical/CGE model presented in this paper was the lack of symmetry in responses to NRR booms 

and busts by NRR-abundant economies.  While the theoretical model expected symmetric outcomes, 

the empirical results did not yield the expected outcome. This result is not unprecedented as Black et 

al. (2005) arrived at similar results when comparing booms and bust in Appalachian coal-producing 

counties. This disparity may be attributable to a number of factors, to include the varying sensitivity 

of the aggregated hydrocarbon and non-fuel mineral industries’ responses to commodity price 

fluctuations.  NRR busts may induce immediate cessation of suddenly unprofitable mining, drilling 

and production activities, thereby prompting a wholesale release of labor.  On the other hand, energy 

booms, while necessitating accumulation of labor supply, may be more incremental and slow to bring 

production online in the form of additional oil and gas wells or new mining seams, slowing the rate 

of labor demand and hence labor migration.  It takes time and effort to drill and complete oil and gas 

wells and even longer to initiate new mining activities.  On the other hand, suspending drilling 

contracts, deferring well completions, shutting in wells, and shuttering mine production may not 

require as much time or effort.  Black et al. (2005) postulates that the asymmetry arises from changes 
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in the composition of workers and infrastructure between boom and bust periods. Improvements in 

communications technology, better transportation links with outside regions, and new skills acquired 

by workers engaged in NRR extraction activities may facilitate rapid out-migration. Further 

empirical work in this vein must be done and the theoretical/CGE model could at some point be 

modified to reflect differing costs to start up and shut down NRR production activities. 

A simpler and perhaps more accurate explanation regarding the lack of symmetry could also 

be found by simply looking at Figure 4.2.  The bust period of 1980-1986 is a rapid drop in oil prices 

while the growth in oil prices from 2003 -2012 was far less rapid and actually includes a period of 

flat prices from 2009-2010.   

There remains one question arising from the theoretical/CGE model that needs to be 

examined empirically.  That question is whether there is evidence that counties lacking an NRR 

sector experience an exodus of labor and a shrunken traded sector during periods of NRR booms, as 

well as consider the reverse when an NRR bust occurs.  At this point, the regression results displayed 

above provide indirect evidence; we shall examine whether direct empirical evidence exists. 

4.4       Effects of an NRR Boom and Bust on Non-Resource Counties 

This last section of econometric estimates attempt to directly ascertain whether a booming 

energy-abundant county can “export” the RME and de-industrialization of the traditional traded 

sector to a neighboring non-NRR county.   

The empirical strategy commences by identifying counties that adjoin an energy-abundant 

county.  Recalling Figure 4.1 above, counties are classified into four groups, one of which is 

comprised of non-producing counties that border at least one NRR-producing county.  This group 

becomes the new treatment group, which is in accordance with the classic labor migration literature 

such as Ravenstein (1885) and Stouffer (1940) that shows that the volume of labor migrant flows is 
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inversely related to distance.  All NRR-producing counties are consequently dropped from the 

analysis.  The econometric estimates below therefore compare outcomes between those non-

treatment counties from the preceding sections (the new treatment counties) that are adjacent to an oil 

and gas producing county and those counties that neither produce NRRs nor border any NRR-

producing counties – the new control group.  This means there are now 849 treatment counties and 

1,050 control counties.  Like the first set of regressions above, a second treatment group “high 

adjacency counties” restricts the treatment group to those counties not producing NRRs that adjoin 

counties that produce relatively large amounts of NRRs (the high treatment group from the prior 

section).  Accordingly, there are only 593 treatment counties and 1,050 control counties.  Having 

redefined the treatment and control groups, the econometric equation specification, including 

dependent and independent variables, county controls, and state and time fixed effects are all the 

same as equation (4.1).  The focus of the econometric estimates will only be on two variables, labor 

in-migration and traded sector (manufacturing jobs). 

 Table 4.6 displays the differentials in annual growth rates from 1980-2012 between the 

redefined treatment and control counties during the periods of bust, trough, and boom for labor in-

migration. 

Table 4.6: Labor In-Migration - Non-Producing Treatment and Control Counties 

 

 Labor in-migration - All Labor in-migration – High 
Adjacency Only 

Treatment*NRR_Bust 0.00439 0.00713 
 [0.76] [1.20] 
   
Treatment*NRR_Trough -0.00516 -0.00851 
 [3.63]*** 

 
[1.08] 

Treatment*NRR_Boom -0.00074 -0.01079 
 [0.60] [1.27] 
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Table 4.6 Continued 
   
R2 0.07 0.07 
N 54,222 45,480 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

The results show that rates of labor in-migration in treatment counties relative to control 

counties are directionally correct in sign – that labor in-migration is slower relative to control 

counties during a boom and faster during a bust.  However, the results are small in magnitude and 

statistically insignificant during the boom and bust alike.   

Table 4.7 shows results for the second main expectation of the theoretical model – namely 

that the traditional traded sector of regions lacking an NRR sector (Region 1) should shrink during an 

NRR boom as labor migrates to an NRR-abundant region (Region 2).  

Table 4.7: Traded Sector Job Growth - Non-Producing Treatment and Control Counties 

 

 Manufacturing Jobs 

All Treatment 
Counties 

Manufacturing Jobs 

High Adjacency Only 

Labor in-migration 0.00619 0.00654 
 [3.54]*** [3.60]*** 
Treatment*NRR_Bust 0.00459 0.0801 
 [1.43] [1.23] 
Treatment*NRR_Trough 0.00028 0.00318 
 [0.49] [1.10] 
Treatment*NRR_Boom -0.00627 -0.01023 
 [0.89] [0.98] 
   
R2 0.17 0.19 
N 51,788 42,628 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 

 

Here again, one can observe just a modicum of evidence that an NRR boom adversely affects 

non-producing counties adjacent to energy-producing counties relative to non-adjacent control 
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counties.  Traditional traded sector jobs (manufacturing) grow slower in the treatment counties 

during the boom period than control counties, which is in accordance with the theoretical model 

expectation that as labor leaves the adjacent county to work in the booming county, manufacturing 

jobs would shrink.  However, neither the boom nor bust terms for either the all treatment or high 

adjacency treatment counties are statistically significant. The signs are larger in magnitude for the 

high treatment case, which accords with the a priori expectation of the theoretical/CGE model as 

well.  Nevertheless, the results remain statistically insignificant.  Furthermore, virtually the same 

results for both sets of regressions were yielded when coal producing and non-fuel mineral producing 

counties were separately dropped from the treatment group as well as when the same regressions 

were run dropping metropolitan counties from both the treatment and control group – akin to the 

approaches taken in Appendix F and Appendix G. 

As an alternative, the treatment and control counties were re-defined as follows: (1) non-

producing counties not adjacent to oil and gas producing counties, but adjacent to non-producing 

counties adjacent to oil and gas producing counties (second-order adjacency) constitute the treatment 

counties and (2) non-producing, no adjacency whatsoever constitute control counties.  In this case, 

none of the empirical results were statistically significant and the signs of the results accorded with 

the first set of regressions using only first-order adjacency as the treatment group.  Although the 

signs of the coefficients of the regressions are directionally correct, the statistical significance of the 

results are still in doubt.  The resultant question is: what explains the lack of solid statistical evidence 

that Region 1 economies experience a loss of labor supply and a shrinking manufacturing sector 

during an NRR boom?  Several hypotheses merit consideration. 

First, an NRR boom in an oil and gas, coal, or non-fuel mining county may expand traded 

and non-traded sector production and output in the neighboring county not engaged in NRR 

production, and vice versa when a bust occurs.  This could certainly be the case with respect to 
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mainly rural U.S. counties.  Rural and isolated counties can be so small in terms of workforce, 

income, and economic output that these jurisdictions may not be necessarily deemed standalone 

economies.  This implies that the definition of economic region in the U.S. county sense might be 

better construed as a grouping of counties, not each county as a standalone entity.   

This realization cuts both ways with respect to the veracity of the empirical results.  On the 

one hand, if non-producing counties that are adjacent to NRR-producing counties are indeed 

economically synchronized with its hydrocarbon-producing neighbors, then the empirical results 

reported in Section 4.3 are even more robust.  This is because growth rates of economic outcomes in 

NRR producing treatment counties are not only being compared to control counties comprised of 

non-producing, non-adjacent counties, but also adjacent non-producing counties that are indirectly 

booming as well.  In that sense, the NRR producing treatment counties are being pitted against 

control counties that might plausibly be treatment counties as well.  If that is the case and the results 

remain statistically significant, as Section 4.3 indicates, then the empirical results are quite strong. It 

is quite probable that this phenomenon is occurring in this paper, as Weinstein (2014) finds in a study 

of shale-producing U.S. counties that the economic outcomes of counties bordering the shale 

producers are positively correlated with the shale producers.  Similarly, Allcott & Keniston (2014) 

find that low-producing or non-producing counties adjacent to major oil and natural gas producing 

counties experience positive spillovers. While these adjacent counties may lose some workers to the 

booming economies, they may also supply more products to the major oil and gas producing 

counties. 

On the other hand, the results also imply that the demarcation between treatment and controls 

can bedevil attempts to ascertain whether the RME is indeed exported to neighboring regions via 

labor migration flows.  As one recalls from the theoretical model, two key testable propositions 

emerge: 1) the influx of migrant labor into a booming energy economy attenuates, if not obviates, the 
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classic RME and; 2) the RME is exported to the region that yielded the migrant labor to the booming 

hydrocarbon economy.  The empirical results in Section 4.3 are unambiguously supportive of the 

first proposition.  However, the results of this section do not provide solid statistical evidence 

corroborating the second proposition.   

Additionally, it might be possible that there is an effect, but it is too small to show up 

statistically.  Given there are scores of U.S. counties from which migrant labor can come from in 

response to an NRR boom, the loss of workers from any one county may be so miniscule that it is 

unlikely to be detected in the empirical results.  This contention can be borne out by a look at the raw 

data.  In 2008 for example, 268 high treatment oil and gas producing counties received 135,509 

migrants; these migrants came from 1,076 control counties.  That averages to approximately 125 

migrants yielded per control county.  Given that the average population size of the control counties is 

23,743 that year, the number of out-migrants per control county, as a proportion of the total 

population, is approximately 0.5%.  That is a very small share unlikely to be detected in the empirical 

results.   

Figure 4.4 further illustrates this point.  Kern County, California is one of the largest oil 

producing counties nationally.  According to tax filings with the IRS, from 2009 to 2010 a total of 

10,201 people migrated to Kern County from other counties across the U.S.  Of that amount, 8,265 of 

the tax filers came from 109 named donor counties.  These named counties exceed the IRS 

confidentiality threshold, which omits county-to-county movements of less than 10 filers between 

counties.  Consequently, for the remaining donor counties there are at least another 194 counties42 

that yielded population to Kern County, bringing the total number of donor counties to 303.  The 

average number of migrants per county in that case is 33.7.  Given that the potential donor pool of 

counties exceeds 3,000, the effect on any one given county could be quite negligible, as the Kern 

                                                      
42 Divide the remaining 1,936 migrants by 10. 



126 
 

County case illustrates.  Additionally, the potential economic co-movement of oil and gas producing 

counties and its neighboring counties mentioned above also complicates the task of identifying 

whether a non-producing but adjacent county (first or second order adjacency) is a treatment or 

control county.   

 

Figure 4.4: Labor in-migration to Kern County, CA. Source: U.S. Internal Revenue Service and 
Forbes http://www.forbes.com/special-report/2011/migration.html 

 

A related observation is that county-to-county commuting flows may be affecting the results.  

Workers who live in a county adjacent to a booming county or in a county adjacent to that adjacent 

county are more apt to simply commute to a new job in the oilfield or coal mine rather than moving 

from his/her county of residence to the booming county for the sake of the job. For example, for the 

years 2009 to 2013, 48% of the 5,300 workers in McKenzie County, North Dakota, the largest oil-

producing county in the Bakken tight oil basin, commuted from outside the county, with commuters 

predominantly hailing from adjacent or adjacent to adjacent counties. (Census Bureau 2016).  While 

http://www.forbes.com/special-report/2011/migration.html
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nearly 2,500 workers migrated to the county over the same period, the size of the commuter flows 

speaks to its importance.   

Neither the theoretical model nor the empirical model account for commuting.  The 

theoretical model simply assumes that if there is an inter-regional wage differential, then laborers 

will migrate to the booming economy until real wage parity is restored.  From an empirical 

standpoint, county-to-county commuting data is only available at infrequent intervals, specifically the 

1990 and 2000 decennial censuses and 2006-2010 and 2009-2013 American Community Survey.  

While it may be necessary to incorporate commuting into the theoretical model presented in this 

thesis, empirical testing for its effects is constrained by data availability. 

It is also possible that there is a statistically significant effect on the postulated labor-

exporting counties, but the choice of geographical adjacency is not the appropriate method of 

designating treatment counties in the regressions displayed above.  Instead, the most appropriate 

treatment counties may possess one or more of the following conditions: chronic rates of high 

unemployment, low levels of per capita income, possess direct geographical access (e.g. highways, 

unimpeded by physical barriers such as mountains) to oil and gas counties, higher proportion of 

young men with low educational attainment relative to the overall population (Black et al., 2005).  

While any of these types of counties may potentially be more suitable treatment counties than simply 

those counties that border an oil and gas-producing county, none of these labor force, income, or 

transportation factors were included in the theoretical/CGE model presented in this thesis.  It remains 

the task of future extensions to this research to formally model labor force characterizations (e.g. 

labor is not fully employed and is differentiated by demographic characteristics) and then use those 

theoretical insights to devise an alternative method of identifying treatment and control counties. 

Finally, it may be possible that there just is no effect on the postulated labor exporting 

regions whatsoever.  Given the varying hypotheses and remedies suggested above, it is premature at 
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this point to make such a strong assertion.  Consequently, additional theoretical modeling and 

empirical work will need to be done in order to identify an alternative method of ascertaining 

whether non-producing regional economies suffer from the RME transmitted by booming oil and gas 

counties via inter-regional labor migration. 

4.5       Conclusion 

This chapter presented an empirical estimation strategy to test the a priori expectations of the 

theoretical model and CGE simulation presented in Chapter 3.  The two main questions examined 

were whether a migrant labor supply response will temper, if not altogether obviate, a retreat in the 

traditional traded sector of NRR-intensive counties during an NRR boom, and whether this outcome 

was exported to adjoining, non-NRR regions.  Regarding the first question, the empirical results 

verified that in accordance with the theoretical/CGE model, labor does migrate to NRR-abundant 

counties faster than counties lacking an NRR sector, that labor in-migration does have a dampening 

effect on county wage rates, and that the traditional traded sector actually grows faster in booming 

treatment counties than in non-booming jurisdictions.   

Regarding the second question, the results were not so clear.  Regardless of the 

treatment/control county assignment approach taken, there was a lack of solid statistical evidence 

that Region 1 economies experience a loss of labor supply and a shrinking manufacturing sector 

during an NRR boom.  Several hypotheses were proposed to explain this outcome.  Among the most 

persuasive, in the context of this U.S. county-level example, is that there are thousands of counties 

that could yield labor to a booming NRR county.  The greater the number of donor counties the more 

diffuse the transmission of the RME from a booming county to non-booming counties via inter-

county labor migration. 

The only other empirical outcome that ran contrary to the a priori expectations of the 

theoretical/CGE model presented in this paper was the lack of symmetry in responses to NRR booms 
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and busts by NRR-abundant economies.  While the theoretical model expected symmetric outcomes, 

the empirical results did not yield the expected outcome.  Looking at the extant literature, this result 

is not unprecedented, as Black et al. (2005) arrived at similar results when comparing booms and 

bust in Appalachian coal-producing counties. This disparity may be attributable to a number of 

factors, to include the varying sensitivity of the aggregated hydrocarbon and non-fuel mineral 

industries’ responses to commodity price fluctuations.  The asymmetry may also be attributable to 

changes in the composition of workers and infrastructure between boom and bust periods. 

Improvements in communications technology, better transportation links with outside regions, and 

new skills acquired by workers engaged in NRR extraction activities may facilitate rapid out-

migration.  These are open questions that merit further empirical examination. 
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CHAPTER 5 

POLICY IMPLICATIONS, QUESTIONS, AND AVENUES FOR RESEARCH 

  

Based on the simulation results arising from the CGE model presented in this paper and the 

attendant empirical estimation results that evaluated whether the a priori expectations of the 

theoretical model were indeed borne out with actual data, there appears to be solid evidence that 

during an NRR boom labor does migrate from a non-booming region to a booming region.  The 

results further show that this inter-regional labor migration ameliorates the classic RME in the 

booming economy and transmits at least a portion of it to regions that supplied the migrant labor.  

From these results, it is imperative to assess how this research informs key policy questions, 

identifies questions that remain unanswered, and offers promising new areas of economic research. 

5.1       Application to policy questions 

The policy implications arising from this research are numerous and important.  First, this 

research challenges a “conventional certitude” in policy-making circles concerning booming 

economy effects. The term, introduced by Manski (2011), is used to describe predictions that are 

widely accepted as true but in reality may not be correct or only tenable under very specific and 

restrictive assumptions.  Such certitudes are likely to misinform policy. This is certainly the case with 

respect to economists’ and policy-makers’ collective comprehension of booming economy effects or 

“Dutch Disease”, which Kojo (2014) notes is frequently misunderstood and erroneously defined in 

dozens of World Bank publications.  

While booming economy effects, particularly de-industrialization of the traditional traded 

sector via the RME, have come to be treated by various parties as a fait accompli in booming 

resource economies, our view is that the evidence is not so clear. A review of the literature finds that 

although the core theoretical models of Corden and Neary (1982) and Corden (1984) plausibly and 
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intuitively anticipate negative macroeconomic consequences of resource booms in selected 

circumstances, underemphasized extensions of the models’ core assumptions show that adverse 

economic outcomes are by no means inevitable.  A number of papers, including this one, challenge 

even the most basic sectoral predictions of the seminal models.  In particular, this research shows via 

CGE model simulations, that when accounting for inter-regional labor migration, not only will the 

RME be mitigated in the booming economy, but it can in part be transferred from the booming 

economy to a non-booming economy. Moreover, by infusing inter-regional labor migration into 

under-emphasized extensions of Corden and Neary (1982) and Corden (1984), such as the Paradox 

Model, one finds that inter-regional labor migration demonstratively alters even this basic extension 

to the core model. In the case of the Paradox Model, labor migration transmits booming economy 

effects to regions lacking NRR production altogether and even stimulates pro-industrialization in 

both regions’ manufacturing sectors.    

Second, beyond challenging a conventional certitude concerning booming economy effects 

the theoretical/CGE model and empirical results presented in this paper humbly suggest economic 

models and studies of booming NRR economies may be overlooking the role of labor migration.  

Because the seminal and more recent models of inter-sectoral adjustments impose a restrictive 

assumption, an inter-sectorally mobile, but fixed domestic labor supply, such papers proscribe the 

effect of an outside labor supply being drawn to the booming economy by higher wage rates.  

Provided labor is free to move between jurisdictions in response to relative wage rates, economies 

experiencing an NRR boom can mitigate, but not entirely avert, shrinking traditional export sectors 

by admitting a supplementary labor supply of migrant workers.  In turn, non-booming regions 

experience emaciated traded sectors by yielding a portion of each jurisdiction’s labor supply to the 

booming economy proportionate to the volume of workers each economy loses relative to the overall 

size of its pre-existing labor force.  Consequently, when economists and policy-makers are looking 
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for shrinking traditional traded sectors during a boom in mineral and energy prices, they must expand 

the search to neighboring economies both lacking an NRR sector and possessing a potential supply of 

migrant labor. Ignoring these important features, policy-makers may be looking too narrowly in their 

search for evidence of booming economy effects or in the wrong place altogether.  

The third policy implication of this research is that by widening the scope of economic 

modeling to feature an inter-jurisdictionally mobile labor supply that endogenously moves between 

NRR abundant and deficient regions until regional wage rates re-attain parity, this innovation may 

help resolve some of the contradictions in the empirical literature of NRR booms.  The literature 

review presented in this paper showed that empirical evidence of booming economy effects at the 

national level is weaker than may be commonly assumed.  This realization merits a re-think of the 

fundamental assumptions by which booming economy effects do indeed transpire and what really is 

the most appropriate level of analysis and methodological approach by which to look for booming 

economy effects. 

In attempting to reconcile the conflicting empirical evidence ranging from single-country, 

case study evidence to more sophisticated undertakings (e.g., multi-country cross-section and panel 

regressions) through the lens of a model that features inter-regional labor migration, one can explain 

the contradictory evidence in a couple ways. For one, it is quite possible that those models and 

studies that provide evidence of a shrinking traditional traded sector in the booming NRR economy 

could be explained by the lack of inter-jurisdictional migrant labor flows.  A leading cause of little or 

no migrant labor flows would be institutional barriers erected at the inter-national level.  Nation-

states are less prone to admit foreign workers than allow their nationals to migrate between provinces 

in search of higher wage rates.   

On the other hand, regarding those aspects of the literature where booming NRR economies 

avoided shrinking traditional traded sectors, this outcome could be explained by significant migrant 
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labor flows between booming and non-booming jurisdictions.  Given the dearth and sporadic 

availability of inter-national labor migration flows data (Esipova et al. 2013), it is understandable 

why labor migration has not been featured in empirical research of NRR booms.   

All of these points attest to the virtues of creating, simulating, and empirically testing a 

booming economy model featuring labor migration at the intra-national, sub-state level, specifically 

the U.S. county level.  The marked mobility of the U.S. population is both unparalleled around the 

world and is bolstered by the institutional homogeneity and heterogeneity of U.S. counties, large 

number of counties (more than 3,000), and more than three decades of annual data collected by the 

U.S. federal government that tracks inter-county labor migration flows via income tax filings.  For all 

of these reasons it is clear that attempts to theoretically model and then empirically examine the 

influence of labor migration flows in booming economy cases at the inter-national level are inferior 

to an intra-national, sub-state analysis, particularly in a country with a high degree of labor mobility 

and richness of NRRs as the United States. 

The inherent advantage of a county-level unit of analysis is that it compels policy-makers to 

recognize that states and nations are just larger aggregations of counties.  Thus, national policy 

responses to booms in mineral and energy production can be tailored to focus specifically on those 

parts of the country that are affected by the boom, rather than applying nation-wide policy responses 

in a blanket and indiscriminate fashion.  This matter is particularly important if NRR-abundant 

counties avoid a shrinking traditional traded sector by transmitting the effects to non-resource 

abundant counties via the labor migration channel.  Insofar as this transmission manifests, the focus 

of national government policy efforts would be counties that lost a portion of its labor supply to 

booming NRR counties.  

Recalling Figure 4.1, there are several counties and even entire states that are in the control 

group.  Broadly speaking, these control areas are found principally along the Atlantic Coast, Upper 
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Midwest, and the Pacific Northwest.  Should national authorities attempt to tailor policy responses to 

address shrinking traded sectors instigated by the ongoing boom in U.S. NRR production, the 

candidate economies would be found in those regions of the nation bereft of NRR production.   

The fourth policy implication of this research is that in the spirit of Corden and Neary (1982), 

Corden (1984), and Cassing and Warr (1985) it is clear from the theoretical modeling, particularly 

the CGE simulations, which production sectors, factors of production, and regions benefit from an 

energy boom with inter-regional labor migration and which ones do not benefit.  Recalling the CGE 

simulations presented in this thesis, it has been shown that in the booming region (Region 2) the 

initial labor supply obtains the highest wage gain when inter-regional labor migration is proscribed, 

while capitalists in Region 2 welcome labor migration as it reduces the growth in the region’s real 

wage during a boom relative to when there is no inter-regional labor migration.  Knowing which 

factors and sectors are poised to gain or lose when inter-regional labor migration is allowed is 

important, as adversely affected groups are prone to use the political process to stem losses and 

beneficiaries will seek to use the same channels to safeguard their advantages.  The onus is therefore 

on governments to craft policies to appropriately compensate the aggrieved factors or sectors, 

provided a sound economic (e.g., LBD externalities) or political economy argument (fairness) exists.  

One common method by which government could address these equity issues is through the taxation 

and redistribution of energy rents.   

Similarly, this research also shows that when inter-regional labor migration is allowed, the 

production sectors and factors of production in the neighboring, non-booming region (Region 1) are 

likewise harmed or helped by inter-regional labor migration. Region 1’s initial labor supply benefits 

from an energy boom when inter-regional labor migration occurs, regardless if the laborers migrate 

or not. Region 1 sector-specific capitalists are unambiguously hurt by the advent of a regional labor 

market as an increase in the real wage reduces output of these sectors and the consumption of the 
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capitalists.  Because the research indicates that the effects of an energy boom can spill over into 

neighboring regions, it is possible the governments of the booming and non-booming regions can 

cooperate on taxation and other policy solutions to address cross-border issues arising from this 

phenomenon.  Inter-regional cooperation would be particularly important for the region lacking an 

energy sector that is nevertheless adversely affected by shrinking traded and non-traded sectors due 

to a loss of labor to the booming economy. Whereas the booming economy experiencing growth in 

total and per capita GDP could tax and distribute energy rents to help address economic or political 

issues arising from the boom, the neighboring region lacks the same means. Inter-regional policy 

coordination also holds if an energy “bust” were to occur. The theoretical model and CGE 

simulations indicate that should the energy sector shrink all of the booming economy effects would 

go into reverse, including labor migration from the region experiencing the bust to the now 

(relatively) better off resource-deficient economy.  The empirical model results also indicate that a 

boom and bust are not necessarily symmetric in their effect on traded sector growth, per capita 

income growth, or rates of labor migration.  Because the magnitudes for the bust exceeded the 

magnitudes of the boom, inter-jurisdictional cooperation could become all the more important when 

an NRR bust occurs. 

5.2       Outstanding questions and limitations 

Nevertheless, at this point it is unclear from the empirical results which non-NRR producing 

jurisdictions are most adversely affected by the exodus of labor.  While this paper and the theoretical 

literature of labor migration expect jurisdictions adjoining a booming NRR-abundant economy to be 

the most acutely affected, it was not entirely clear from the empirical results that this was the case.  

In fact, this paper suggests that the larger the number of potential “donor” jurisdictions, the more 

diffuse the transmission of booming economy effects may be.  This realization complicates efforts to 
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find direct linkages from a booming NRR economy to non-NRR abundant economies via the labor 

migration channel, particularly in a country as large and geographically diverse as the U.S.   

If it is indeed the case that the booming economy effects are avoided in the booming NRR-

producing jurisdictions and de-industrialization effects are diffused across multiple jurisdictions that 

yielded migrant labor, then it diminishes or altogether negates the necessity of governments to try to 

detect and “treat” booming economy effects.  This outcome is quite likely on the intra-national level 

where labor supply is more free to migrate in search of the highest wage rate.  If  national government 

authorities fear that an energy boom may foster the onset of de-industrialization in the booming 

economy or that the effects are transmitted to non-energy regions via labor migration flows, they 

could be assured the most acute cases could be avoided should labor migration flows come from a 

large variety of jurisdictions within the nation.  On the inter-national level, where there are far fewer 

countries than U.S. counties, the number of economies that could provide labor to a country with a 

booming hydrocarbon sector is necessarily reduced.  This seems to suggest that detecting the 

transmission of booming economy effects may be much less difficult to ascertain and the effects 

much more acute, potentially meriting multi-lateral policy interventions.  However, inter-national 

migration is much more regulated than intra-national movements, which means the scope for 

detecting the transmission of booming economy effects may be frustrated by the robustness of 

barriers to international labor migration and lack of reliable data. 

A related explanation as to why this research is unable to detect what counties/regions are 

most adversely affected by the exodus of labor is its lack of theoretical and empirical treatment of 

commuting.  It is quite possible county-to-county commuting flows may be affecting the results, as 

workers who live in a county adjacent to a booming economy or in a county adjacent to that adjacent 

county are more apt to simply commute to a new job in the oilfield or coal mine rather than moving 

from his/her county of residence to the booming county for the sake of the job. Although commuting 
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data is only available at very infrequent intervals, U.S. county-to-county commuting flows data 

suggests that commuting can be a significant part of a county’s workforce and that the commuters 

predominantly come from adjacent or adjacent to adjacent counties. For this reason, even though we 

expect the adjacent counties to provide most of the donor labor, the empirical analysis does not pick 

this up because much of that donor labor is likely to be commuter labor rather than migrant labor. 

The theoretical model presented in this paper assumes that if there is an inter-regional wage 

differential, then laborers will migrate to the booming region until real wage parity is restored, and 

that the migrants spend their wages on goods in the booming region, not in the region they came 

from (the labor-donating region).  A richer model would allow laborers to either migrate or commute, 

with the latter group spending the wages earned in the booming region on non-traded goods and 

imports in the labor-donating region.  Empirical testing of such an addition to the model would be 

necessarily constrained by the paucity of county-to-county commuting data, however. 

Nevertheless, the issue of commuting and whether laborers that move or commute inter-

regionally spend their wages in the booming region or in the labor-donating region speaks to a 

related omission of this thesis: the lack of treatment concerning the spending effect (SE).  Recalling 

the seminal papers, de-industrialization is not just prompted by the RME; rather, spending of factor 

incomes (higher wages and energy sector capitalist rents) on non-traded goods in the booming 

economy can cause an appreciation of the real exchange rate, exacerbating the onset of de-

industrialization.  Like Raveh (2013), this paper focuses on whether factor mobility - inter-regional 

capital mobility in the former, labor mobility in the latter – can mitigate or obviate the RME in the 

booming region, abstracting away from the SE altogether. This paper does so not by ignoring 

consumption, but by simply modelling aggregate consumption in the theoretical model – non-traded 

goods plus imports.  This is done principally to focus on the RME, which according to Corden and 

Neary (1982) is responsible for “direct” de-industrialization, while the SE is responsible for indirect 
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de-industrialization.  In a frequently overlooked footnote43 Corden (1984) indicates that only in the 

special case when the marginal propensity to consume the non-traded good is the same and positive 

for all factors is the SE necessarily positive. However, if marginal propensities to consume among 

the factors vary, the SE could be zero or even negative if the marginal propensity to consume the 

non-traded good by the factors of production that lose income from an energy boom is sufficiently 

higher than the laborers and energy sector capitalists that experience an increase of income from an 

energy boom.  Tying this back to commuting, it may be that commuters and migrant laborers spend 

their income on different goods and in different regions, plausibly mitigating the impact of the SE in 

the empirical results.  A richer and more sophisticated model designed to delve into the matter of 

indirect de-industrialization would consider commuter and migrant laborers and differing marginal 

propensities to consume among factor owners of all types. 

Another limitation of this research is the lack of concordance between the theoretical model 

and the empirical results regarding growth of the booming region’s manufacturing sector.  The 

theoretical model expects the manufacturing sector to shrink, despite the influx of migrant labor, 

albeit relatively less so than the labor-donating region itself.  Conversely, the diff-in-diff regressions 

suggest the manufacturing sector in the booming region is actually growing.  The theoretical model 

does not explain this empirical result - further investigation is needed to ascertain why this is the 

case, though many propositions for pro-industrialization during a boom have been presented in the 

literature. 

Similar issues arise with regard to how the real wage is both modeled and measured 

empirically.  The real wage in this thesis is modeled simply in terms of the purchasing power of a 

basket of consumption goods – the non-traded good and imports.  The model omits other factors 

frequently embedded in a wage such as amenity valuations of climate, proximity to family, and 

                                                      
43 Footnote 5 of Corden (1984). 
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personal preferences.  A laborer may not move from Denver to Manhattan even if that person would 

receive a real wage gain by this measure.  Such factors may create apparent “frictions” or “rigidities” 

in the real wage response of labor, which may not be adequately accounted for in the empirical 

estimates or the actual real wage data.  Extensions to the theoretical and empirical models would 

attempt to account for these modelling and data issues related to the real wage. 

Another objection to this paper would be the lack of consideration for government fiscal 

policy and how taxes and spending may help mitigate or exacerbate de-industrialization.  Like the 

seminal papers, this paper does not feature a government in its theoretical model, and aside from the 

inclusion of time and state-specific fixed effects in the regression equations, no explicit attempt is 

made to account for county governments’ fiscal policies.  The response here is two-fold.  First, 

county governments are generally constrained by state constitutions and legislatures regarding its 

ability to tax and spend.  Although there can be substantial differences, counties generally have a 

great deal of service mandates imposed on them by the state and federal government, limited ability 

to raise, spend, or save monies, and are highly susceptible to state budgetary and statutory oversight 

(National League of Cities 2016).  Because counties generally lack the ability to impose income 

taxes, frequently have lower sales tax rates than states, and often share property tax authority with the 

states, we believe the theoretical and empirical models are justified in not explicitly modelling nor 

controlling for (save for the entity fixed effects) government fiscal policy. Furthermore, aside from a 

statutory reporting requirement in Colorado, county taxation and spending data is not unavailable in 

any other state. 

Perhaps the most strident objection to the research presented in this thesis and its attendant 

policy implications is that booming economy effects, particularly the RME, do not seem to present 

any adverse economic impacts – the seminal booming economy model merely describes a series of 

economic adjustments (changes in wage rates, exchange rate appreciation) facilitating an efficient 
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reallocation of a mobile factor to the sector(s) most willing and able to pay for the labor services 

(Edwards and Aoki, 1983; Findlay, 1985; Neary and van Wijnbergen, 1986; Davis 1995). However, 

as described by van Wijnbergen (1984), if economic growth is in large part generated by LBD 

induced technological progress concentrated in the non-energy traded goods sector, temporary or 

sustained declines in the tradable sector attributable to natural resource-induced booms in production 

may permanently retard an economy’s rate of growth. Should the traded goods sector possessing 

LBD externalities shrink amid an NRR boom, then a temporary decline in that sector could 

permanently lower income compared with what could otherwise have been attained (Hahn and 

Matthews 1965), rendering the NRR boom a suboptimal outcome.  Thus, during an NRR boom, the 

optimal policy of governments is to increase subsidies to blunt the suboptimal economic effects that 

would otherwise be experienced by the LBD-rich manufacturing sector (van Wijnbergen 1984).   

Accordingly, important extensions to the booming economy literature tackle inter-temporal 

and long-run questions pertaining to LBD in the traditional traded sector, the role of income 

smoothing via instruments like offshore asset buying, and optimal policy (subsidy) interventions (van 

Wijnbergen 1984). The theoretical model presented and simulated in this paper and tested 

empirically above does not address these issues, as it is a one-period model where all of the proceeds 

from the boom are consumed, there is no need for savings and investment, and there are no long run 

benefits or losses from the boom.  This is a seemingly major simplification, since it is clear that 

nation-states care about the fate of the traditional traded (manufacturing) sector, ascribe – with 

arguably scant empirical evidence - LBD externalities to that sector, and in some instances attempt to 

smooth income via investment vehicles like sovereign wealth funds.   

While such issues are a major concern in the booming economy literature, the purpose of this 

thesis is to model and evaluate immediate booming economy effects. The study evaluates what 

happens in the boom and where - not what happens thereafter. Before inter-temporal or long-run 
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matters can be addressed one must establish whether inter-regional labor migration can temper, if not 

altogether obviate, the RME in the booming region and transfer part or all of the effects to a region 

lacking NRR production altogether.  To study booming economy effects, one must establish where 

the effects arise before longer run issues can be considered and appropriate policy responses, if 

merited, can be tailored.   

The importance of where booming economy effects occur cannot be understated. Provided 

there is LBD externalities in the traditional traded sector of an NRR-abundant region, inter-

jurisdictional labor migration decreases the degree to which this sector would shrink during an 

energy boom and therefore decreases the extent to which an upward subsidy policy adjustment, per 

van Wijnbergen (1984), is needed. Should the RME in part be transmitted to the labor-donating 

region via inter-jurisdictional labor flows, it may be in that labor-donating region where greater 

spending on optimal subsidies to protect its LBD-rich traded sector is required.  This is another 

implication of inter-regional labor migration during an energy boom.  Besides transmitting a portion 

of the RME to the neighboring economy lacking an energy sector altogether it also transfers a fiscal 

burden – ironically to the region with less means (no taxation of energy rents) to help offset the cost. 

5.3       Avenues for further research 

All that being said, future extensions to the (computable) general equilibrium model 

presented in this thesis should be directed toward inter-temporal and long-run questions, including 

LBD in the traditional traded sector, income smoothing, and optimal policy (subsidy) interventions 

all within the framework of a multi-region model.  Importantly, any extensions in this vein should 

include a more explicit and detailed treatment of the government sector. Although the government 

sector is rarely featured in the theoretical models of the NRR booms, the extant literature does 

acknowledge the crucial role governments have in exacerbating or retarding the onset and 

transmission of booming economy effects through a variety of legislative, judicial, and enforcement 
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instruments. Even Corden and Neary (1982) acknowledge that should the government sector, if 

inserted into a booming economy model, tax and spend energy windfalls differently than the factors 

of production employed in economy, this could materially alter the analytical results of their paper.  

Moreover, the modeling of labor migration could be modified by allowing migrants to expend some 

of their income in both the destination and labor-donation region, bi-furcating the migrant labor 

market by high and low skill classifications, and incorporating the disutility or cost incurred by 

migrants moving from one jurisdiction to another, among many others.  As stated by Devarjan (1988) 

and Bandara (1991), a CGE model is an appropriate means of iteratively testing and relaxing key 

assumptions of the core model of Corden and Neary (1982) and Corden (1984) as these seminal 

papers are general equilibrium models that can be readily simulated. 

Similarly, on the empirical side of the ledger there still remains several areas of research 

regarding the role of labor migration in the booming economy literature.  First, the regressions 

presented in this paper generally have low R2 statistics that are in many cases less than 0.20. More 

work needs to be done to ascertain why this is the case.  However, it is important to note that many of 

the papers that have evaluated booming economy effects at the sub-state/provincial level report 

similarly low R2 values or omit reporting such statistics altogether.  Weber (2012) and Weinstein 

(2014) reports low values (less than 0.05 in many cases) while standard-bearers Black et al. (2005), 

Michaels (2011), Allcott and Keniston (2014), and Maniloff and Mastromonaco (2014) decline to 

report the statistic. 

Second, further robustness checks are needed.  Although such checks have been provided in 

this paper, further work needs to be done to check the sensitivity of the estimates, including adjusting 

time periods, sample size, control variables, and potentially developing alternative methods of 

identifying treatment versus control counties.   
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In that vein, alternative periods of boom, bust, and trough could be adopted using alternative 

algorithms and different NRR price series.  To that end, tools like the Bry-Boschan algorithm, first 

described in Bry and Boschan (1971) and explicated further in Harding and Pagan (2001) that 

identifies local maxima and minima in cycles of individual series and is used by the National Bureau 

of Economic Research to date peaks and troughs in the U.S. economic cycle could be used.  

Additionally, the Christiano-Fitzgerald Band-Pass Filter used to identify super-cycles in NRR prices 

featured in papers like Cuddington and Jerrett (2008), Zellou and Cuddington (2012), and 

Cuddington and Nülle (2014) could be used in lieu or in tandem with the Bry-Boschan algorithm.   

Regression estimates could also distinguish between oil and gas, coal, and non-fuel minerals 

separately.  At this point, the treatment counties have included all types of NRR producing counties 

(oil, natural gas, coal and non-fuel minerals), but have only used the WTI oil price as the benchmark 

energy price when dating periods of boom, bust, and trough.  Further research would perform 

regression estimates for each of these three NRR groups separately and derive periods of boom, bust, 

and trough based on the price series most directly applicable to each group.  Doing so would allow 

one to ascertain and compare how responsive labor migration is to price cycles in each major NRR 

industry.   

Furthermore, the U.S. is not the only country with a large NRR sector and high levels of 

intra-regional labor migration.  Other Anglo-Saxon countries such as Australia and Canada have 

been venues of highly elastic migrant labor supply responses to surges in mineral and energy 

production.  These countries also possess federal systems of governance that make sub-provincial 

governments an important part of its political and economic fabric and the national governments of 

these nations possess the means to track data of these subnational units.  The research presented in 

this thesis could be applied to Canada and Australia, countries that are also engaged in shale gas and 

tight oil extraction (Nülle 2015). 
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Finally, to further test the efficacy of the impact of labor migration on booming economies, 

there is the need to empirically test the “gravity” models found in both the international trade and 

economics of migration literature, such as Hicks (1932), Stouffer (1940), Tinbergen (1962), 

Anderson (1979), and Borjas (1989).  Various papers in both strands of literature use some variant of 

the gravity model to explain the volume of trade or migration labor flows between countries as an 

increasing function of income, population size, natural amenities, and a decreasing function of 

geographical distance, among other variables. While such work has been done in other contexts 

(Karemera et al. 2000; Lewer and van den Berg 2008), there has been no empirical work in the 

economics of labor migration that empirically tests the gravity model of migration labor flows during 

NRR booms.  Performing this research would be helpful in both further testing the implications of 

the labor migration model of booming resource economies and extending the gravity model of labor 

migration literature. 

5.4      Conclusion 

For several decades, economists have attempted to explain how a sudden surge in mineral 

and energy extraction affects an economy’s output and employment from an aggregate and sectoral 

perspective.  Economic theory shows that a “boom” in mineral and energy production is welfare-

enhancing to the economy experiencing it.  However, the phenomenon also induces inter-sectoral 

adjustments among NRR, traditional traded, and non-traded industries that tend to crowd out 

traditional export sectors such as agriculture and manufacturing.  In turn, this paper asked two 

fundamental questions: 1) Can the inter-sectoral adjustments wrought by a boom in NRR production 

be mitigated in the resource-abundant economy experiencing it; 2) Can the inter-sectoral adjustments 

be exported to a neighboring non-resource economy by movements in migrant labor supply?  The 

theoretical model and empirical estimation approach presented in this paper introduces an 

endogenous migrant labor supply response to booms in NRR output to test the extent traditional 
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tradable sectors shrink in the NRR-abundant economy during the boom and if such effects are 

exported to a neighboring jurisdiction.  Using data at the U.S. county level, the empirical results 

show that booming economies experience positive and statistically significant rates of real income 

and traded sector job growth during the boom, attributable to the influx of migrant labor.  By 

contrast, little evidence is found that non-booming counties adjacent to the booming counties 

experience declines in income or job growth on account of labor supply outflows.  Instead, the results 

suggest the larger the number of potential “donor” counties that can supply labor to the booming 

economies, the more likely the transmission of booming economy effects, namely evidence of de-

industrialization, is diffused across all of the donor counties that actually yielded migrant labor.  

Overall, the results indicate that a shrinking traditional traded sector during a NRR boom is by no 

means inevitable in an NRR-abundant economy, contrary to the stylized facts.  Additionally, when 

investigating the total and inter-sectoral effects of a resource boom, economists must extend their 

investigation to the labor migration channel and the effects of the boom on both neighboring non-

resource producing economies and economies even further afield.  

The question of which non-NRR producing jurisdictions most experienced transmission of 

booming economy effects remains an open question.  Nevertheless, provided further robustness 

checks are applied and empirical testing of other aspects of the labor migration model presented in 

this paper are performed, this research has the potential to help reconcile contradictory empirical 

findings in the ever-growing literature of booming economy models.   
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APPENDIX A 

MPSGE MODEL ACKNOWLEDGEMENTS 

 

The MPSGE program developed for the theoretical model presented in this thesis 

substantially modifies and extends an unpublished model of inter-regional labor migration flows 

developed by Dr. James Markusen that is his intellectual property - Markusen (2015).  The key 

contribution Markusen’s model provided to this thesis was identifying a means within the MPSGE 

programming language to allow labor to migrate between regions in response to wage differentials 

and consume only the non-traded goods produced and imports received by the destination region.  

While a simple code inclusion, this invaluable GAMS/MPSGE programming insight is greatly 

appreciated. 

The characteristics that distinguish Professor’s Markusen’s model from the one included as 

part of this thesis are numerous and consequential.  First, Professor Markusen presents a two-region 

closed economy model that proscribes trade with the RoW.  Second, each region in Markusen’s 

model features only a traded sector and a non-traded sector, altogether lacking an “energy” sector in 

either region.  Third, capital in Markusen’s model is not sector specific; rather, it is owned by 

laborers, and is inter-regionally mobile.  Fourth, economic agents not only own their labor and the 

capital stock, but also possess housing, a non-traded and non-produced consumption good.  If an 

economic agent migrates to the other region, the agent must pay for housing in the destination region 

and rent out the housing in the source region.  While an academically interesting inclusion to the 

model, this aspect was not included in the simulation presented in this thesis.  Finally, in Markusen’s 

model the boom in one region is effectuated by a Hicks-neutral productivity improvement in all 

production sectors of the region, rather than by an improvement in just one – e.g. an energy sector 

that was used for this thesis.    
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APPENDIX B 

GENERAL EQUILIBRIUM MODEL (GAMS/MPSGE CODE) AND CORRESPONDENCE 

TO THEORETICAL MODEL EQUATIONS 

 

$ontext 
 
Dissertation Simulation 
Base MPSGE Model 
 
Grant Nülle 
13 May 2015 (revised) 
Labor Migration Model of NRR Booms. 
 
$OFFTEXT 
 
SETS R /1*14/; 
SETS C /PRODE, GDP1, GDP2, PC2, PC1, GDPB1, GDPN1, GDPB2, GDPN2, GDPE, REALPL1, 
REALPL2, MIG/; 
 
PARAMETERS 
PRODXE        HICKS NEUTRAL TECHNOLOGY INCREASE REGION 2 ENERGY SECTOR 
PRODE(R)      STORES VALUES OF PRODE OVER A LOOP OF VALUES 
GDP1(R)       GDP OF REGION 1 
GDP2(R)       GDP OF REGION 2 
GDPB1(R)      OUTPUT OF INDUSTRY B1 
GDPN1(R)      OUTPUT OF INDUSTRY N1 
GDPB2(R)      OUTPUT OF INDUSTRY B2 
GDPN2(R)      OUTPUT OF INDUSTRY N2 
GDPE(R)       OUTPUT OF INDUSTRY E 
PC2(R)        PER CAPITA WELFARE OF INITIAL RESIDENTS OF 2 
PC1(R)        PER CAPITA WELFARE OF REMINING RESIDENTS OF 1 
MIG(R)        PROPORTION OF RESIDENTS OF 1 MIGRATING TO 2 
REALPL1(R)    REAL PRICE (REAL WAGE) OF LABOR IN 1 
REALPL2(R)    REAL PRICE (REAL WAGE) OF LABOR IN 2 
RESULTS2(R,C) EFFECTS OF INCREASING ENERGY PRODUCTIVITY WITH MIGRATION 
RESULTS1(R,C) EFFECTS OF INCREASING ENEGY PRODUCTIVITY W/O MIGRATION; 
 
$ONTEXT 
 
$MODEL:GN_PROJECT 
 
$SECTORS: 
        B1      ! Activity level for sector B1 
        N1      ! Activity level for sector N1 
        E       ! Activity level for sector E 
        B2      ! Activity level for sector B2 
        N2      ! Activity level for sector N2 
        EXB1    ! Export level for sector B1 
        IMB1    ! Import level for sector B1 
        EXB2    ! Export level for sector B2 
        IMB2    ! Import level for sector B2 
        EXE     ! Export level for sector B2 
        IME     ! Import level for sector B2 
        WL1     ! Aggregate welfare of remaining laborers in Region 1 
        WL2     ! Aggregate welfare of remaining laborers in Region 2 
        WL12    ! Aggregate welfare of all migrants from 1 to 2 
        WL21    ! Aggregate welfare of all migrants from 2 to 1 
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        WKB1    ! Welfare index for consumer B1 
        WKB2    ! Welfare index for consumer B2 
        WKN1    ! Welfare index for consumer N1 
        WKN2    ! Welfare index for consumer N2 
        WKE     ! Welfare index for consumer KE 
 
$COMMODITIES: 
        PB1     ! Price index for commodity B1 
        PN1     ! Price index for commodity N1 
        PE      ! Price index for commodity E 
        PB2     ! Price index for primary factor B2 
        PN2     ! Price index for primary factor N2 
        PL1     ! Price index for commodity L1 
        PL2     ! Price index for commodity L2 
        PKB1    ! Price index for commodity KB1 
        PKN1    ! Price index for primary factor KN2 
        PKE     ! Price index for primary factor KE 
        PKB2    ! Price index for primary factor KB2 
        PKN2    ! Price index for primary factor KN2 
        PFX     ! Real exchange rate index 
        PWL1    ! Price index for consumer L1 welfare (expenditure function) 
        PWL2    ! Price index for consumer L2 welfare (expenditure function) 
        PWKB1   ! Price index for consumer KB1 welfare (expenditure function) 
        PWKN1   ! Price index for consumer KN1 welfare (expenditure function) 
        PWKE    ! Price index for consumer KE welfare (expenditure function) 
        PWKB2   ! Price index for consumer KB2 welfare (expenditure function) 
        PWKN2   ! Price index for consumer KN2 welfare (expenditure function) 
        PWL12   ! Price of utility in Region 2 of migrants from Region 1 
        PWL21   ! Price of utility in Region 1 of migrants from Region 2 
$CONSUMERS: 
        CONSL1  ! INCOME OF REMAINING LABORERS IN 1 
        CONSL2  ! INCOME OF REMAINING LABORERS IN 2 
        CONSL12 ! INCOME OF MIGRANT LABORERS FROM 1 TO 2 
        CONSL21 ! INCOME OF MIGRANT LABORERS FROM 2 TO 1 
        CONSKB1 ! Income level for consumer KB2 
        CONSKN1 ! Income level for consumer KN1 
        CONSKE  ! Income level for consumer KE 
        CONSKB2 ! Income level for consumer KB2 
        CONSKN2 ! Income level for consumer KN2 
 
$AUXILIARY: 
MIG12   !PROPORTION OF 1 RESIDENTS WHO MIGRATE TO 2 
MIG21   !PROPORTION OF 2 RESIDENTS WHO MIGRATE TO 1 
 
 
 
$PROD:B1 s:1  (Equation 3.100) 
        O:PB1   Q: 200 
        I:PL1   Q: 60 
        I:PKB1  Q: 140 
 
$PROD:N1 s:1  (Equation 3.99) 
        O:PN1   Q: 200 
        I:PL1   Q: 140 
        I:PKN1  Q: 60 
 
$PROD:E s:1  (Equation 3.97) 
        O:PE    Q: 200  
        I:PL2   Q: (40/PRODXE) 
        I:PKE   Q: (160/PRODXE) 
 
$PROD:B2 s:1  (Equation 3.98) 
        O:PB2   Q: 180 
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        I:PL2   Q: 40 
        I:PKB2  Q: 140 
 
$PROD:N2 s:1  (Equation 3.96) 
        O:PN2   Q: 180 
        I:PL2   Q: 120 
        I:PKN2  Q: 60 
 
$PROD:EXB1 s:1 (Equation 3.48) 
        O:PFX   Q: 200 
        I:PB1   Q: 200 
 
$PROD:EXB2 s:1 (Equation 3.49) 
        O:PFX   Q: 180 
        I:PB2   Q: 180 
 
$PROD:EXE s:1  (Equation 3.50) 
        O:PFX   Q: (200*PRODXE) 
        I:PE    Q: (200*PRODXE) 
 
$PROD:IMB1 s:1 (Equation 3.51) 
        O:PN1   Q: 200 
        I:PFX   Q: 200 
 
$PROD:IMB2 s:1  (Equation 3.52) 
        O:PN2   Q: 180 
        I:PFX   Q: 180 
 
$PROD:IME s:1   (Equation 3.53) 
        O:PN2   Q: (200*PRODXE) 
        I:PFX   Q: (200*PRODXE) 
 
$PROD:WL1 s:1   (Equation 3.54) 
        O:PWL1  Q:200 
        I:PN1   Q:200 
 
$PROD:WL2 s:1   (Equation 3.55) 
        O:PWL2  Q:200 
        I:PN2   Q:200 
 
$PROD:WL12  s:1.0 (Equation 3.56) 
        O:PWL12  Q:200 
        I:PN2    Q:200 
 
$PROD:WL21  s:1.0 (Equation 3.57) 
        O:PWL21  Q:200 
        I:PN1    Q:200 
 
$PROD:WKB1 s:1  (Equation 3.58) 
        O:PWKB1 Q:140 
        I:PN1   Q:140 
 
$PROD:WKN1 s:1  (Equation 3.59) 
        O:PWKN1 Q:60 
        I:PN1   Q:60 
 
$PROD:WKB2 s:1  (Equation 3.60) 
        O:PWKB2 Q:140 
        I:PN2   Q:140 
 
$PROD:WKN2 s:1  (Equation 3.61) 
        O:PWKN2 Q:60 
        I:PN2   Q:60 
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$PROD:WKE s:1   (Equation 3.62) 
        O:PWKE  Q:160 
        I:PN2   Q:160 
 
 
$DEMAND:CONSL1  (Equation 3.69) 
        D:PWL1  Q: 200 
        E:PL1   Q: 200 
        E:PL1   Q:-200   R: MIG12 
 
 
$DEMAND:CONSL2  (Equation 3.70) 
        D:PWL2  Q: 200 
        E:PL2   Q: 200 
        E:PL2   Q:-200   R: MIG21 
 
$DEMAND:CONSL12 (Equation 3.71) 
        D:PWL12 Q: 200 
        E:PL2   Q: 200   R: MIG12 
 
 
$DEMAND:CONSL21 (Equation 3.73) 
        D:PWL21 Q: 200 
        E:PL1   Q: 200   R: MIG21 
 
 
$DEMAND:CONSKB1 (Equation 3.75) 
        D:PWKB1  Q:140 
        E:PKB1   Q:140 
 
$DEMAND:CONSKN1 (Equation 3.74) 
        D:PWKN1  Q:60 
        E:PKN1   Q:60 
 
$DEMAND:CONSKB2 (Equation 3.77) 
        D:PWKB2  Q:140 
        E:PKB2   Q:140 
 
$DEMAND:CONSKN2 (Equation 3.76) 
        D:PWKN2  Q:60 
        E:PKN2   Q:60 
 
$DEMAND:CONSKE  (Equation 3.78) 
        D:PWKE  Q: 160 
        E:PKE   Q: 160 
 
 
$CONSTRAINT:MIG12 (Equation 3.94) 
(PL1*200)/(PWL1*200) =G= 
                    (PL2*200)/(PWL12*200); 
 
$CONSTRAINT:MIG21 (Equation 3.95) 
(PL2*200)/(PWL2*200) =G= 
                       (PL1*200)/(PWL21*200); 

 
 
 
$OFFTEXT 
$SYSINCLUDE mpsgeset GN_PROJECT 
***** BENCHMARK REPLICATION ***** 
WL12.L = 0; WL21.L = 0; 
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PRODXE = 1; 
PWL1.FX = 1; 
 
*Replicate the benchmark GN_PROJECT.ITERLIM = 0; 
 
PWL12.L = MAX(PWL12.L, .00001); 
PWL21.L = MAX(PWL21.L, .00001); 
 
$INCLUDE GN_PROJECT.GEN 
        SOLVE GN_PROJECT USING MCP; 
 
 
 
***** Now loop over productivities with migration **** 
loop(R, 
 
PRODXE = .95 +.05*ORD(R); 
PRODE(R) = PRODXE; 
$INCLUDE GN_PROJECT.GEN 
SOLVE GN_PROJECT USING MCP; 
 
 
PC2(R) = WL2.L/(1-MIG21.L); 
PC1(R) = WL1.L/(1-MIG12.L); 
 
MIG(R) = MIG12.L; 
 
 
GDP1(R) = (PN1.L*N1.L + PB1.L*B1.L)/(PN1.L**0.5*PB1.L**0.5); 
GDP2(R) = (PN2.L*N2.L + PB2.L*B2.L + 
PE.L*E.L)/(PN2.L**0.321*PB2.L**0.321*PE.L**.357); 
 
GDPB1(R) = (PB1.L*B1.L)/(PB1.L**1.0); 
GDPN1(R) = (PN1.L*N1.L)/(PN1.L**1.0); 
GDPB2(R) = (PB2.L*B2.L)/(PB2.L**1.0); 
GDPN2(R) = (PN2.L*N2.L)/(PN2.L**1.0); 
GDPE(R) = (PE.L*E.L)/(PE.L**1.0); 
 
REALPL1(R) = PL1.L/(PB1.L**0.5*PN1.L**0.5); 
REALPL2(R) = PL2.L/(PN2.L**0.321*PB2.L**0.321*PE.L**.357); 
 
 
); 
 
RESULTS2(R,"PRODE") = PRODE(R); 
RESULTS2(R,"GDP1") = GDP1(R); 
RESULTS2(R,"GDP2") = GDP2(R); 
RESULTS2(R,"PC2") = PC2(R); 
RESULTS2(R,"PC1") = PC1(R); 
RESULTS2(R,"GDPB1") = GDPB1(R); 
RESULTS2(R,"GDPN1") = GDPN1(R); 
RESULTS2(R,"GDPB2") = GDPB2(R); 
RESULTS2(R,"GDPN2") = GDPN2(R); 
RESULTS2(R,"GDPE") = GDPE(R); 
RESULTS2(R,"REALPL1") = REALPL1(R); 
RESULTS2(R,"REALPL2") = REALPL2(R); 



166 
 

RESULTS2(R,"MIG") = MIG(R); 
 
***** Now loop over productivities without migration ***** 
loop(R, 
 
MIG12.FX = 0; 
MIG21.FX = 0; 
 
PRODXE = .95 +.05*ORD(R); 
PRODE(R) = PRODXE; 
$INCLUDE GN_PROJECT.GEN 
SOLVE GN_PROJECT USING MCP; 
 
 
PC2(R) = WL2.L/(1-MIG21.L); 
PC1(R) = WL1.L/(1-MIG12.L); 
 
MIG(R) = MIG12.L; 
 
 
GDP1(R) = (PN1.L*N1.L + PB1.L*B1.L)/(PN1.L**0.5*PB1.L**0.5); 
GDP2(R) = (PN2.L*N2.L + PB2.L*B2.L + 
PE.L*E.L)/(PN2.L**0.321*PB2.L**0.321*PE.L**.357); 
 
GDPB1(R) = (PB1.L*B1.L)/(PB1.L**1.0); 
GDPN1(R) = (PN1.L*N1.L)/(PN1.L**1.0); 
GDPB2(R) = (PB2.L*B2.L)/(PB2.L**1.0); 
GDPN2(R) = (PN2.L*N2.L)/(PN2.L**1.0); 
GDPE(R) = (PE.L*E.L)/(PE.L**1.0); 
 
REALPL1(R) = PL1.L/(PB1.L**0.5*PN1.L**0.5); 
REALPL2(R) = PL2.L/(PN2.L**0.321*PB2.L**0.321*PE.L**.357); 
); 
 
RESULTS1(R,"PRODE") = PRODE(R); 
RESULTS1(R,"GDP1") = GDP1(R); 
RESULTS1(R,"GDP2") = GDP2(R); 
RESULTS1(R,"PC2") = PC2(R); 
RESULTS1(R,"PC1") = PC1(R); 
RESULTS1(R,"GDPB1") = GDPB1(R); 
RESULTS1(R,"GDPN1") = GDPN1(R); 
RESULTS1(R,"GDPB2") = GDPB2(R); 
RESULTS1(R,"GDPN2") = GDPN2(R); 
RESULTS1(R,"GDPE") = GDPE(R); 
RESULTS1(R,"REALPL1") = REALPL1(R); 
RESULTS1(R,"REALPL2") = REALPL2(R); 
RESULTS1(R,"MIG") = MIG(R); 
 
DISPLAY RESULTS1, RESULTS2; 
$LIBINCLUDE XLDUMP RESULTS1 DISSERTimp.XLS SHEET2!A3 
$LIBINCLUDE XLDUMP RESULTS2 DISSERTIMP.XLS SHEET2!A18 
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Commodities B1 N1 E B2 N2 EXB1 EXB2 EXE IMB1 IMB2 IME WL1 WL2 WL12 WL21 WKB1 WKN1 WKE WKB2 WKN2 CONSL1 CONSL2 CONSL12 CONSL21 CONSKB1 CONSKN1 CONSKE CONSKB2 CONSKN2 TOTAL

PB1 200  -      -      -                 -      -200 0

PN1 -      200  -      -                 -      200 (200) (140) (60)   0

PE -      -      200  -                 -      -200 0

PB2 -      -      -      180             -      -180 0

PN2 -      -      -      -                 180  180 200 (200) (160) (140) (60)   0

PL1 (60)   (140) -      -                 200      0

PL2 -      -      (40)   (40)              (120) 200      0

PKB1 (140) -      -      -                 -      140        0

PKN1 -      (60)   -      -                 -      60           0

PKE -      -      (160) -                 -      160      0

PKB2 -      -      -      (140)            -      140        0

PKN2 -      -      -      -                 (60)   60           0

PWL1 200 -200 0

PWL2 200 -200 0

PWL12 0

PWL21 0

PWKB1 140 -140 0

PWKN1 60 -60 0

PWKE 160 -160 0

PWKB2 140 -140 0

PWKN2 60 -60 0

PFX 200 180 200 -200 -180 -200 0

TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SECTORS (GOODS PRODUCTION & WELFARE PRODUCTION) CONSUMERS
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APPENDIX D 

MECHANISMS INSTIGATING A BOOM IN NRR PRODUCTION 

 

Corden and Neary (1982) and Corden (1984) mention four scenarios by which a mineral or 

energy “boom” may transpire: 1) a Hicks-neutral improvement in extraction technology; 2) discovery 

and extraction of newly-discovered energy deposits; 3) exogenous inflow of foreign capital into the 

mineral or energy sector; 4) an increase in the world price of mineral and energy commodities.  

Analytically, the authors claim the inter-sectoral adjustments triggered by any of these four catalysts 

are virtually the same and provide mathematic proofs to that effect.  

In a like manner, to show for this thesis that a Hicks-neutral improvement in the energy 

sector technology term and an increase in the world price of the energy good both instigate an energy 

boom and effectuate it in an equivalent manner, below is a comparative statics analysis that derives 

the total effect (total differential) that an increase in the technological term (AE) of the energy sector 

has on the booming economy’s wage rate (w2) and sectoral labor allocation within Region 2 and 

compares the results to the total effect when an increase in the exogenously determined price of the 

energy good instigates the energy boom.   

For Region 2 production sectors, Cobb-Douglas specifications akin to the Ricardo-

Viner/Specific-Factors model first presented in Jones (1971) are used in this thesis44  

= � −� ,           (D-1) 

 = � −� ,           (D-2) 

 

                                                      
44 These are the same production functions found in equations 3.96-3.98 in this thesis 
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= � −� .          (D-3) 

Since labor is sectorally mobile and capital is specific and fixed in each sector, then 

employment of labor is the only choice variable in the short run.  For Region 2, the Energy sector 

profit function is 

� = � −� − − = .                     (D-4) 

 

The energy sector earns zero economic profits such that all revenues (term � −� ) 

are paid out to labor and capital.  With labor as the only choice variable and setting profits equal to 

zero, the resultant first order conditions (FOCs), labor demand function, and output supply functions 

for the energy sector are 

��� = � � − −� − = ,                                (D-5) 

 = �� −� ∗ ,                   

              (D-6) 

� = �� �−� .                    (D-7) 

 

The profit functions, FOCs, labor demand, and output supply functions are the same for the 

traditional traded (manufacturing) sector and non-traded sectors of Region 2 as well. 

Total labor demand in Region 2 is sum of labor employed in each of Region 2’s production 

sectors 

= , … + , … + , … .                                            (D-8)    
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 All labor is fully employed.    

To mathematically illustrate how an increase in the technology term of the energy sector 

affects Region 2, start with the effect of an increase in the energy sector’s technology term on Region 

2’s wage rate  

= , ( , , , ) + , , , , + , ( , , , ),       (from D-8) 

= = �� + �� + �� .                    (D-9)   

          

 Solving for   

= −��[�� +�� +�� ] > ,            (D-10) 

where all of the terms under the fraction  � + � + �   are negative.  The total differential 

shows that an increase in the energy sector’s technology term unambiguously increases the regional 

wage rate. 

In turn, the effect of an increase in the energy sector technology term on Region 2’s sectoral 

labor allocation starts with the effect on the energy sector’s labor demand 

, = �� + �� .           (D-11) 

Substituting in  from (D-10) 

, = �� + �� [ −���� +�� +�� ],                    (D-12) 



171 
 

, = ��  [ − ��� +�� +�� ] > .           (D-13) 

Equations (D-11 thru D-13) indicate an increase in the technology term increases labor 

demanded by the energy sector.  However, with regard labor allocation for the traditional traded 

and non-traded sectors 

= �� < ,          (D-14) 

 = �� < ,         (D-15) 

 

where the term  from (D-10) can be substituted into (D-14) and (D-15) from above.  

 In terms of the effect of an increase in the energy sector technology term on Region 2’s 

sectoral outputs, we begin with the energy sector’s output supply 

= �� + �� , > ,         (D-16) 

where the term 
,

 was solved above.   

 In turn, the impact of an increase on the energy sector technology term is  

= �� < ,            (D-17) 

= �� < ,          (D-18) 

where the terms 
, , ,

 were solved above.   
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At this juncture, one observes that the RME of the Corden and Neary (1982) and Corden 

(1984) model transpires in Region 2, when inter-regional labor migration is proscribed.  Due to the 

energy boom (induced by technological progress) in Region 2, that Region has a higher wage rate 

than Region 1, which is unaffected by the energy boom in the absence of inter-regional labor 

migration.   

An analogous total differential could be derived using the price of energy (PE) instead of the 

technology term in the energy sector’s labor demand function to derive the comparative static effects 

of an energy price increase on the wage and sectoral labor allocation of Region 2.  Given that the two 

terms (AE) and (PE) are right next to each other in the energy sector’s production, labor demand, and 

output supply functions (equations D-5 through D-7), one knows the comparative static effects will 

be exactly the same.   
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APPENDIX E 

DATA DESCRIPTIONS AND SOURCES 

  County Population, Employment, Earnings: The U.S. Bureau of Bureau of Economic Analysis 
(BEA) produces annual data on population, total employment, sectoral employment, and gross, 
sectoral, and per capita income and earnings via its Regional Economic Information System 
(REIS).  The data extends from 1969 to 2011.   

  Non-renewable Resource Production: County-by-year panel dataset of oil, natural gas, and coal 
production from the 1970s to the present from proprietary sources and state oil, gas, and mining 
regulatory agencies.  Coal production by county is also available from the U.S. Energy 
Information Administration (EIA).  Production of major non-fuel minerals including gold, silver, 
copper, molybdenum, zinc, lead, and iron ore by U.S. county are available from the U.S. 
Geological Survey, Mineral Commodity Yearbook 2011, for each mineral. 

  Energy Prices and Deflator: Benchmark U.S. Energy Prices, such as West Texas Intermediate 
crude, Henry Hub Gas, and coal prices were acquired from the Federal Reserve Bank of St. Louis 
and EIA.  The chosen deflator, the Personal Consumption Expenditures (PCE) index, is used by 
the U.S. Federal Reserve System to measure inflation45 and was downloaded from the BEA. 
  Net Migration & Distances: County-to-county migration based on the Master File of Individual 
Income Tax returns filed with the U.S. Internal Revenue Service (IRS) from 1978-2012.  This is 
a rarely used dataset in the academic literature due to its obscurity.  The author combined 
individual files spanning every year of availability into one comprehensive panel dataset.  This is 
the first time in the literature this data has been combined into a dataset and been used for 
econometric analysis utilizing the entire sample.  Accompanying county-to-county distance 
matrices were acquired from Merryman (2005). 

  

 County-level Controls:  The qualitative and quantitative variables used uniformly in the 
regressions are displayed below, with the accompanying data source displayed alongside it.  

 
Variable Name/Description Source 

% Population with High School Degree, 1980 U.S. Census Bureau 

% Population with College Degree, 1980 U.S. Census Bureau 

% Population that is Male, 1980 U.S. Census Bureau 

% Population that is 65+ Years Old, 1980 U.S. Census Bureau 

% Population that is White, 1980 U.S. Census Bureau 

Population Density, 1980 U.S. Census Bureau 

Real Earnings per Job, 1980 BEA REIS 

Real Per Capita Income, 1980 BEA REIS 

                                                      
45 The PCE is generally considered a more accurate measure of inflation than the standard Consumer Price Index.  
See Boskin et al. (1996) and McCully (2007) for the underlying reasons. 

http://www.bea.gov/regional/index.htm
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North American Industry Classification System 
(NAICS) Dummy 

=0 if NAICS not used yet; = 1 if NAICS used 

Metropolitan Area Designation, 1980 Rural-Urban Continuum Code, U.S. Department of 
Agriculture (USDA) - Economic Research Bureau 

Natural Amenity Index Ranking USDA, McGrahanan (1999) 

County Typology Codes USDA - Economic Research Bureau 

Adjacency Dummy =0 if not adjacent to NRR Producer, =1 if adjacent 
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APPENDIX F 

REGRESSION RESULTS – DROPPING COAL-ONLY AND MINERAL-ONLY 

PRODUCING COUNTIES FROM TREATMENT GROUP 

 

Table F-1: Labor Migration Regression Results – Dropping Coal-Only Treatment Counties 

 Labor in-migration – All Labor in-migration - High Treated 

Treatment*NRR_Bust -0.03041 -0.04700 
 [5.97]*** [5.14]*** 
   
Treatment*NRR_Trough -0.00157 -0.00048 
 [1.15] [0.20] 
   
Treatment*NRR_Boom 0.00404 0.00684 
 [3.12]*** [2.83]*** 
   
R2 0.07 0.06 
N 86,795 65,970 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

 

 

Table F-2: Labor Migration Regression Results – Dropping Mineral-Only Treatment Counties 

 Labor in-migration – All Labor in-migration - High Treated 

Treatment*NRR_Bust -0.03067 -0.05199 
 [6.08]*** [5.42]*** 
   
Treatment*NRR_Trough -0.00119 -0.00022 
 [0.89] [0.09] 
   
Treatment*NRR_Boom 0.00373 0.00574 
 [2.95]*** [2.29]** 
   
R2 0.07 0.07 
N 87,346 65,313 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 
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Table F-3: Per Capita Income and Real Wage Results – Dropping Coal-Only Treatment Counties 

 Real Per 
Capita 
Income 

All 
Treatment 
Counties 

Real Earnings per 
Job 

All Treatment 
Counties 

Real Per Capita 
Income 

High Treatment 
Counties 

Real Earnings per 
Job 

High Treatment 
Counties 

Labor in-migration 0.00801 -0.00295 0.00601 -0.00443 
 [6.94]*** [2.00]** [5.14]*** [2.97]*** 
Treatment*NRR_Bust -0.01865 -0.02156 -0.03091 -0.03445 
 [17.50]*** [12.54]*** [17.74]*** [14.75]*** 
Treatment*NRR_Trough -0.00135 -0.00134 -0.00182 -0.00251 
 [3.39]*** [2.14]** [2.94]*** [2.76]*** 
Treatment*NRR_Boom 0.00701 0.00655 0.00996 0.00952 
 [11.06]*** [8.46]*** [10.77]*** [8.02]*** 
     
R2 0.13 0.09 0.14 0.10 
N 86,795 86,791 65,970 65,966 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 

 

 

Table F-4: Per Capita Income and Real Wage Results – Dropping Mineral -Only Treatment 
Counties 

 Real Per 
Capita 
Income 

All 
Treatment 
Counties 

Real Earnings per 
Job 

All Treatment 
Counties 

Real Per Capita 
Income 

High Treatment 
Counties 

Real Earnings per 
Job 

High Treatment 
Counties 

Labor in- migration 0.00847 -0.00327 0.00629 -0.00499 
 [7.20]*** [2.17]** [5.26]*** [3.26]*** 
Treatment*NRR_Bust -0.01827 -0.02105 -0.03220 -0.03450 
 [17.33]*** [12.38]*** [17.77]*** [14.22]*** 
Treatment*NRR_Trough -0.00128 -0.00130 -0.00210 -0.00312 
 [3.26]*** [2.11]** [3.26]*** [3.34]*** 
Treatment*NRR_Boom 0.00668 0.00617 0.01016 0.00954 
 [10.67]*** [8.06]*** [10.71]*** [7.82]*** 
     
R2 0.13 0.09 0.14 0.10 
N 87,346 87,342 65,313 65,309 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 
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Table F-5: Traded Sector and Non-traded Sector Job Growth – Dropping Coal-Only Treatment 
Counties 

 Manufacturing 
Jobs 

All Treatment 
Counties 

Non-traded 
Sector Jobs 

All Treatment 
Counties 

Manufacturing 
Jobs 

High Treatment 
Counties 

Non-traded Sector 
Jobs 

High Treatment 
Counties 

Labor in-migration 0.00922 0.01044 0.00409 0.00945 
 [5.50]*** [10.90]*** [2.34]** [8.95]*** 
Treatment*NRR_Bust -0.02202 -0.01400 -0.02928 -0.01943 
 [5.90]*** [7.87]*** [5.22]*** [5.89]*** 
Treatment*NRR_Trough -0.00012 -0.00104 0.00359 -0.00279 
 [0.06] [1.38] [1.23] [2.39]** 
Treatment*NRR_Boom 0.00292 0.00271 0.01149 0.00522 
 [1.36] [3.09]*** [3.82]***  [3.84]*** 
     
R2 0.10 0.11 0.11 0.12 
N 80,125 72,340 61,157 54,978 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 

 

Table F-6: Traded Sector and Non-traded Sector Job Growth – Dropping Mineral-Only 
Treatment Counties 

 Manufacturing 
Jobs 

All Treatment 
Counties 

Non-traded 
Sector Jobs 

All Treatment 
Counties 

Manufacturing 
Jobs 

High Treatment 
Counties 

Non-traded Sector 
Jobs 

High Treatment 
Counties 

Labor in-migration 0.01014 0.01098 0.00467 0.00980 
 [5.93]*** [11.13]*** [2.61]*** [8.96]*** 
Treatment*NRR_Bust -0.02157 -0.01362 -0.03176 -0.02088 
 [5.90]*** [7.77]*** [5.70]*** [5.98]*** 
Treatment*NRR_Trough 0.00044 -0.00091 0.00363 -0.00277 
 [0.23] [1.24] [1.21] [2.29]** 
Treatment*NRR_Boom 0.00227 0.00287 0.01121 0.00610 
 [1.06] [3.36]*** [3.67]*** [4.42]*** 
     
R2 0.10 0.11 0.11 0.12 
N 80,771 72,811 60,598 54,394 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 

 

 

 



178 
 

APPENDIX G 

REGRESSION RESULTS – DROPPING ALL METRO COUNTIES FROM TREATMENT 

AND CONTROL GROUPS 

 

Table G-1: Labor Migration Regression Results 

 Labor in-migration – All Labor in-migration - High Treated 

Treatment*NRR_Bust -0.03039 -0.04694 
 [9.18]*** [9.22]*** 
   
Treatment*NRR_Trough -0.00138 -0.00381 
 [1.39] [2.27]** 
   
Treatment*NRR_Boom 0.00500 0.00720 
 [3.60]*** [2.48]** 
   
R2 0.10 0.10 
N 60,174 44,312 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

 

 

Table G-2: Per Capita Income and Real Wage Results 

 Real Per 
Capita 
Income 

All 
Treatment 
Counties 

Real Earnings per 
Job 

All Treatment 
Counties 

Real Per Capita 
Income 

High Treatment 
Counties 

Real Earnings per 
Job 

High Treatment 
Counties 

Labor in-migration 0.04930 -0.01335 0.04716 -0.02787 

 [16.70]*** [2.33]** [14.81]*** [4.72]*** 
Treatment*NRR_Bust -0.01721 -0.02607 -0.02759 -0.03996 
 [13.59]*** [11.90]*** [13.62]*** [13.43]*** 
Treatment*NRR_Trough -0.00065 -0.00029 0.00000 -0.00028 
 [1.36] [0.37] [0.00] [0.26] 
Treatment*NRR_Boom 0.00632 0.00634 0.01082 0.01192 
 [8.40]*** [5.84]*** [9.40]*** [7.03]*** 
     
R2 0.14 0.08 0.15 0.09 
N 60,174 60,170 44,312 44,308 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 
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Table G-3: Traded Sector and Non-traded Sector Job Growth 

 Manufacturing 
Jobs 

All Treatment 
Counties 

Non-traded 
Sector Jobs 

All Treatment 
Counties 

Manufacturing 
Jobs 

High Treatment 
Counties 

Non-traded Sector 
Jobs 

High Treatment 
Counties 

Labor in-migration 0.08144 0.06615 0.07160 0.07675 
 [13.23]*** [23.38]*** [10.77]*** [22.44]*** 
Treatment*NRR_Bust -0.02120 -0.00702 -0.02660 -0.00925 
 [4.58]*** [3.64]*** [3.91]*** [2.49]** 
Treatment*NRR_Trough -0.00056 -0.00046 0.00291 -0.00216 
 [0.22] [0.52] [0.75] [1.52] 
Treatment*NRR_Boom 0.00125 0.00474 0.01127 0.00616 
 [0.42] [4.51]*** [2.76]*** [3.77]*** 
     
R2 0.09 0.09 0.10 0.10 
N 54,189 48,465 40,068 35,741 

* p<0.1; ** p<0.05; *** p<0.01 
Robust Standard Errors Clustered by County with State and Year Controls 

In-Migration Instrumented by Bordering State Population, Real WTI Price, and Real WTI Price*Border State Population 
Interaction Term 

 
 
 
 


