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4
Economic Impact

Energy, along with labor, land, and capital, is a basic ingredient in America’s 
economic growth formula. Yet energy has traditionally been left out of macro-
economic analysis (Aghion and Howitt 2009). Early economic models, such as 
the Solow growth model and the underlying Cobb-Douglas production func-
tion, focused on capital and labor as the two factors of production. In those 
models, more people and more labor mean more growth. But the increase in 
economic output from each additional worker or dollar of capital investment 
diminishes over time, unless technological change allows the economy to use 
labor and capital more efficiently. This technological change, called multi-
factor productivity or total factor productivity in economics, is crucial for 
long-term economic growth. Over time, economists incorporated energy and 
other natural resources as additional factors of production in growth models, 
demonstrating the importance of the energy sector in economic performance 
(Stern 2011). Increased supply of affordable energy and improved energy effi-
ciency can boost potential economic growth. And energy often can substitute 
for other factors of production, making an economy more resilient to changes 
in factor costs. 

Growth in energy supply has played an important role in the United 
States’ past economic success. The development of coal reserves in the 19th 
century led to a tenfold increase in total US energy production between 1850 
and 1920, making the Industrial Revolution possible (Schurr and Netschert 
1960; EIA 2012b, 2013d). Following World War II, energy supply doubled in 
just 25 years, helping to facilitate postwar economic expansion. Between 1970 
and the current oil and gas boom, domestic fossil fuel production was rela-
tively flat, with nuclear and imported energy making up for the shortfall in 
domestic fossil fuel supply.
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Efficiency has played a major role in ensuring supply sufficiency as well. 
Between 1850 and 1900 the amount of energy required for each unit of 
economic output fell by half, thanks to efficient wood stoves and fuel switching 
from wood to coal, from which more energy could be captured (Schurr and 
Netschert 1960, EIA 2012b, BEA 2013, Carter et al. 2006). The energy intensity 
of the US economy increased during the industrial boom of the early 1900s, 
but by 1930 had resumed its structural decline. When domestic energy supply 
growth stagnated in the 1970s, efficiency became even more important. In 
2012 the US economy required less than half as much energy for each unit of 
economic output as in 1972.

Changes in energy prices also affect economic growth (Ayres and Warr 
2005). Lower energy prices mean lower production costs for businesses, lower 
prices on goods and services, and lower household energy bills, all of which 
allow for greater consumption. Higher energy prices reduce real household 
income and increase business production costs. If they are sustained, they 
feed through into headline inflation, which can prompt central bankers to 
raise interest rates. The average price Americans pay for energy has risen con-
siderably over the past century, thanks primarily to growing dependence on 
increasingly expensive oil and, to a lesser extent, natural gas. That has kept 
primary energy expenditures at 3 to 4 percent of GDP on average, despite 
significant energy-intensity improvements (Schurr and Netschert 1960, EIA 
2012b, BEA 2013, Carter et al. 2006). The price of oil has proved far more 
volatile than that of coal or wood, with primary energy expenditures as a share 
of GDP spiking to 8 percent following the supply shocks of the late 1920s and 
6 percent following the 2000–08 demand shock. The price of delivered energy 
is considerably higher than that of primary energy because it includes the 
cost of transportation, refining crude oil into petroleum products, and con-
verting coal, natural gas, and other fuels into electricity. Delivered energy ex-
penditures peaked at 13.7 percent of GDP in 1981 before falling to 7 percent 
of GDP by the mid-1990s (Houser 2013). Between 2002 and 2008, delivered 
energy expenditures rose again, from 6.2 percent of GDP to 9.9 percent of 
GDP. Expenditures dropped to 7.6 percent of GDP during the financial crisis 
and then rebounded to 9.1 percent of GDP in 2011. As discussed in chapter 
2, these price spikes inflict economic damage beyond direct losses in business 
and consumer purchasing power.

Finally, energy plays an important role in shaping the United States’ inter-
national economic position. On net, the United States spent $284 billion on 
imported energy in 2012, with oil accounting for the overwhelming majority. 
While down from a peak of $408 billion in 2008, this still accounts for 1.8 
percent of GDP, on par with the US bilateral trade deficit with China (figure 
4.1). And unlike trade with China, the sharp increase in the energy trade deficit 
since 2000 is more due to an increase in price than quantity, which erodes US 
terms of trade and overall economic growth. 

Given the economic costs of high oil and gas prices in recent years (chapter 
2), there is considerable excitement surrounding the potential economic bene-
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Figure 4.1    US trade de�cit in energy and with China as a share of GDP, 1962–2012

percent

Source: UN Statistics Division, Commodity Trade Statistics Database, 2012.
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fits of the current boom in US oil and gas supply.1 The drilling activity taking 
place from North Dakota to Pennsylvania is boosting economic output and 
employment in those areas and beyond by creating demand for a wide range 
of goods and services. Higher production has lowered domestic natural gas 
and electricity prices already and could do the same for the price of oil. That 
means household incomes will go farther and business expenses will be lower. 
A significant decline in net oil import expenditures could improve US terms of 
trade and make the economy as a whole better off. 

Existing Analysis 

Both government and private sector forecasters have assessed the effects of 
rising US oil and gas supply on the future of US energy, but analysis of its 
economic implications has struggled to keep pace. A 2011 Wood Mackenzie 
study (from which the Wood Mackenzie supply projections in chapter 3 are 
taken) finds that pro-oil-and-gas-development policies that included increased 
access to federal lands currently closed to production offshore, onshore, and 
in the Alaska National Wildlife Refuge could create 1.4 million jobs by 2030 
(Wood Mackenzie 2011). The American Chemistry Council (ACC 2011) claims 
that increased chemical industry investment due to a shale-driven reduction 
in US natural gas prices could create over 400,000 jobs and $132 billion in 
economic activity. McKinsey & Co. estimates that increased unconventional 
oil and gas production and associated infrastructure investment and manu-
facturing competitiveness could add between $380 billion and $690 billion 
in annual economic output and 1 million to 1.7 million jobs in 2020 (Lund 
et al. 2013). And consulting firm IHS Cambridge Energy Research Associates 
(CERA) estimates that the unconventional oil and gas boom will deliver 3.5 
million jobs and $475 billion in annual economic output by 2035 (IHS CERA 
2012; see chapter 3 supply projections). 

All four studies use input-output (I-O) models to examine the effects of 
increased gas, oil supply, and associated infrastructure and manufacturing 
investment on employment and the economy. By mapping the relation be-
tween industries and the flow of goods and services through the economy, I-O 
models are used to assess the effect of an increase in output from one industry 
on both employment in that industry and output and employment in other 
industries. For example, if we want to understand the economic effects of a 
$1 million increase in oil and gas production, an I-O model can be used to 
estimate how many jobs in the oil and gas industry such an increase in produc-
tion would support. In economic parlance, this is called a direct effect. But an 
increase in oil and gas production creates demand for intermediate goods and 

1. David Ignatius, “An Economic Boom Ahead?” Washington Post, May 4, 2012, www.washington-
post.com/opinions/an-economic-boom-ahead/2012/05/04/gIQAbj5K2T_story.html (accessed on 
September 8, 2013; “America’s Red State Growth Corridors,” Wall Street Journal, February 25, 2013.
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services, such as steel, trucking, lawyers, and engineers. This is called an indi-
rect effect, which can also be assessed using an I-O model. Further, when oil 
and gas employees, or employees of industries supporting oil and gas, spend 
their paychecks—think restaurants, real estate, and arts and entertainment—
more economic activity and employment are created. This is known as an in-
duced effect. The Wood Mackenzie, ACC, McKinsey and IHS CERA studies 
count direct, indirect, and induced effects in their jobs and economic output 
estimates. 

The drawback of the I-O approach is that it captures only one side of the 
story. If investment in the oil and gas (or manufacturing) industry comes at 
the expense of investment in other sectors, then the employment and output 
effects of the investment alternative must be scored against the oil and gas 
figures. Likewise, if new oil and gas employees are hired away from other 
sectors, then their previous incomes, and the induced jobs they supported, 
must be subtracted as well. And if an increase in US oil and gas production 
substantially lowers the US energy trade deficit, real dollar appreciation—either 
through inflation or nominal exchange rate adjustment—could reduce the 
economic competitiveness of some manufacturing industries. Theory suggests 
that if the economy is at full employment, these factors will result in a net 
increase in jobs and output that is either zero or considerably lower than the 
gross estimates I-O models provide. We have criticized green jobs proponents 
in the past (as have fossil fuel industry analysts) for using gross rather than net 
estimates of the economic and employment gains of clean energy investments 
(Houser, Mohan, and Hoffman 2010). The same criticism applies to the Wood 
Mackenzie, IHS CERA, McKinsey, and ACC studies referenced above. 

If there is surplus labor and capital sitting on the sidelines, as is the case 
today, then other considerations apply. New investment in oil and gas produc-
tion is less likely to ration capital away from other sectors through higher 
interest rates. High levels of unemployment mean that demand for workers in 
the oil patch is unlikely to translate into broad-based wage inflation. Exchange 
rate effects could still come into play, but as we have argued in the context of 
cap-and-trade legislation, as long as the economy is operating below its poten-
tial, more of the economic and employment benefits that I-O models suggest 
are likely to be achieved (Houser, Mohan, and Hoffman 2010). The IHS CERA, 
Wood Mackenzie, and ACC reports, however, look out over a 20- to 25-year 
time horizon, by which point hopefully the US economy will be back near full 
employment. So a broader macroeconomic analysis is required to assess the 
true net effects of growing US oil and gas supply.

Citigroup’s commodities research division took a crack at such an analysis 
as part of its spring 2012 report on future US oil and gas production potential 
(Morse et al. 2012). As discussed in chapter 3, the group has one of the more 
optimistic supply outlooks and expects considerable efficiency-driven reduc-
tions in demand as well. Using a proprietary macroeconomic model, Citigroup 
assessed the net economic and employment effects of these combined supply 
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and demand projections in 2020. While as a commercial analysis, the method-
ological description in the report is somewhat limited, the authors describe the 
model as including exchange rate, interest rate, and wage rate effects. 

In comparing its supply and demand projections against a baseline with 
“standard decline rates for US hydrocarbon production as well as more modest 
declines in consumption,” Citigroup finds a 2 to 3.3 percent increase in GDP 
and up to 3.6 million additional jobs in 2020. Its analysis includes a fairly 
modest 1.6 to 5.4 percent real appreciation in the dollar, and thus a reduction 
in net energy imports that is greater than the resulting increase in imports of 
other goods and services. Crude prices fall by 16.1 percent in the supply growth 
scenario relative to its base case assumptions.

The limitation of the Citigroup study is its timeframe and scope of coverage. 
The report assesses the effects of increased oil and gas supply only through 
2020, a period in which the authors expect the economy to be operating below 
full employment. The report acknowledges that much of the economic and 
employment gains they forecast for 2020 will be offset by general equilibrium 
effects as the economy returns to full employment but do not quantify the net 
long-term economic effect. Neither the Citigroup study nor the ACC, Wood 
Mackenzie, McKinsey, or IHS CERA reports include detailed modeling of the 
energy market effects of increased oil and gas supply, including the effects on 
electricity prices, renewable energy generation, and coal demand. 

Our Approach

Our analysis builds on the above studies in several ways. Like Citibank we model 
the net economic effects of prospective oil and gas supply growth rather than 
looking at the gross effect alone, as in the case of the IHS CERA, McKinsey, 
Wood Mackenzie, and ACC studies. That requires isolating the economic effect 
of the shock of higher natural gas and oil production currently unfolding. As 
described in chapter 3, we do this by comparing three scenarios—pre-shale, 
conservative, and optimistic—in which all we change are assumptions about 
resource availability and access. 

We model our scenarios using the Energy Information Administration 
(EIA) National Energy Modeling System (NEMS), which combines a US econo-
metric dynamic equilibrium growth model developed by IHS Global Insight 
(and used in the IHS CERA study to assess the indirect effects of unconven-
tional oil and gas production) with a US energy system model that EIA devel-
oped and maintains. NEMS is unique in the detail in which it evaluates the 
energy sector effects of changes in price, supply, and demand. The IHS Global 
Insight model, which is part of the NEMS macroeconomic activity module 
(MAM), encompasses over 1,700 variables covering final demands, aggregate 
supply, prices, incomes, international trade, industrial detail, interest rates, 
and financial flows. Built on the Wharton econometric forecasting model, 
the IHS Global Insight model combines insights from a variety of theoretical 
concepts—Keynesian, neoclassical, monetarist, supply-side, and rational expec-
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tations—with a goal of ensuring that short-run cyclical developments fit well 
with a robust framework for long-term equilibrium growth (EIA 2011e). The 
model captures improvements in long-term economic growth potential from 
increased energy supply (treated as a factor of production) as well as changes in 
short-term economic growth from greater energy investment and lower energy 
prices.

The MAM uses the energy production, consumption, and price estimates 
from the other NEMS modules to project macroeconomic outcomes. These 
macroeconomic variables are in turn are used by other NEMS modules to fore-
cast energy market developments. This communication is conducted through 
an integrating module, a sort of control panel that executes other NEMS mod-
ules to ensure energy market equilibrium in each projection year. The solution 
methodology is based on the Gauss-Seidel algorithm. The model starts with an 
initial solution, then runs each NEMS module to arrive at a new solution. That 
solution becomes the new starting point and the process repeats itself until the 
model reaches a user-defined convergence threshold. By connecting the MAM 
with the other parts of NEMS through the integrating module, the model al-
lows us to robustly assess the macroeconomic effect of changes in US oil and 
gas supply, capturing feedback loops within the energy sector from changes in 
GDP growth, industrial output, trade, and employment (see appendix A for 
more detail). 

We make one major enhancement to NEMS for this analysis. As currently 
configured, energy sector investment demand in the MAM is determined by 
changes in energy prices rather than production quantities. So if oil prices rise, 
upstream oil and gas investment demand rises as well. If prices fall, investment 
demand falls alongside them. This works relatively well for small-scale market 
changes, but less well for a shock as large as the current oil and gas boom. As 
structured, a dramatic increase in US oil and gas production due to newly acces-
sible resources translates into a decrease in overall oil and gas investment. We 
improve the MAM’s treatment of the current boom by estimating the increase 
in upstream oil and gas investment associated with our conservative and 
optimistic scenarios relative to the pre-shale scenarios outside of NEMS and 
adjusting upstream oil and gas investment demand in the MAM accordingly. 
To do this, we draw on the 2012 IHS CERA study, which included detailed 
estimates of the investment required to produce unconventional oil and gas 
(IHS CERA 2012). We multiply IHS CERA’s per barrel and per cubic foot oil 
and natural gas investment estimates by the difference in production between 
our pre-shale and our conservative and optimistic scenarios to estimate the 
additional investment required to achieve the production increases associated 
with each scenario. These investment estimates are calculated endogenously in 
the model and added to the baseline upstream oil and gas investment demand 
projections in the MAM. As the model converges, it captures the macroeco-
nomic effect of this increase in investment demand, including higher demand 
for the goods and services needed to produce oil and gas, as well as increased 
competition for capital in other sectors due to higher interest rates. We have 
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taken a similar approach in the past to assess the macroeconomic effect of 
power sector investment changes under cap-and-trade legislation (Houser, 
Mohan, and Hoffman 2010). 

Macroeconomic Results

The recent and projected increase in US oil and gas production shapes the coun-
try’s economic outlook in several ways. New investment is required to bring 
that production online, which creates demand for labor and materials. Higher 
production means lower prices, which reduce business costs and increase real 
household income. Higher production also means lower oil and gas imports, 
which change the country’s international trade position. The net effect of these 
factors on overall economic growth is complex, and varies over time. 

Investment

Oil and gas are an important source of investment demand in the United 
States, ranking third behind manufacturing and finance and insurance in 
total private nonresidential fixed asset investment in 2011. The unconven-
tional boom has made the sector even more important after the financial 
crisis, accounting for 41 percent of nonresidential private investment growth 
between 2009 and 2011.

Using investment cost estimates from the 2012 IHS CERA report, our 
conservative and optimistic scenarios require an additional $29 billion and 
$95 billion, respectively, in annual oil and gas investment (in 2005 chained 
dollars),  between 2013 and 2035 relative to the pre-shale scenario. That invest-
ment shock creates demand for construction materials, capital goods, and 
professional services, from engineering contractors to drilling rigs to the steel 
and cement used in the drilling and well completion process. Upstream oil and 
gas itself is not terribly labor intensive, but many of its supporting industries 
are, leading to indirect effects in the form of an increase in employment along-
side the increase in investment. When those workers use their paychecks to 
buy food, clothing, and entertainment, additional induced economic activity 
is created.

Producer Revenue

Revenue earned once new oil and gas wells start producing has additional 
economic effects. Domestic oil and gas output combined is 19 percent and 
54 percent higher in the conservative and optimistic scenarios, respectively, 
between 2013 and 2035 compared with the pre-shale scenario, but revenue is up 
by only 7 and 19 percent. This is because prices decline in the face of increased 
supply. In the pre-shale scenario, Henry Hub natural gas prices average $7.40 
per million British thermal units (MMBtu) (in real 2010 US dollars) between 
2013 and 2035. In the conservative case prices fall to an average of $5.44 per 
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MMBtu, a modest increase from the $4 per MMBtu average in 2011, but one 
in line with futures prices as of mid-year 2013. Prices in the optimistic case 
average $3.12 per MMBtu through 2035. This means natural gas producers 
actually see a net decline in revenue of between $17 billion and $54 billion per 
year on average between 2013 and 2035 compared with the pre-shale case. 

Oil prices fall considerably less than natural gas prices in our analysis. The 
natural gas production delta between our pre-shale and conservative and opti-
mistic scenarios between 2013 and 2035 is 11 billion to 26 billion cubic feet per 
day (Bcfd). That is 16 percent to 37 percent the size of the total North American 
natural gas market in 2012, a big increase in overall supply. In contrast, the 
1.5 million and 5.3 million barrels per day (bbl/d) average increase in US oil 
production in the conservative and optimistic cases between 2013 and 2035 
is only a respective 2 percent and 6 percent increase above current global oil 
supply, and 1.5 to 5 percent above projected oil supply during that period. As 
a result, in our analysis crude oil prices are 3 percent lower in the conservative 
scenario and 11 percent lower in the optimistic scenario between 2013 and 
2035. This leaves oil producers with a $54 billion to $154 billion increase in 
annual production revenue relative to the pre-shale case (figure 4.2).

2  

Figure 4.2    Di�erence in annual energy producer revenue, 2013–35 
                          annual average

billions of 2010 dollars

Source: Authors’ calculations.
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Predicting the effects of increased oil production on global oil prices is much 
tougher than the same analysis for natural gas because of the Organization of 
Petroleum Exporting Countries (OPEC). The NEMS assumes a long-term oil 
price elasticity of 0.25, based on historical experience and the academic litera-
ture. In the face of rising US production, however, OPEC could curb investment 
to defend current prices, as the cartel did successfully when demand collapsed 
in the wake of the 2008 financial crisis. This would lead to smaller price reduc-
tions than the model estimates. However, increased US production in the face 
of soft global demand also could undermine OPEC cohesion, with members at-
tempting to shore up revenue by producing above their quota. If this occurs, as 
it did in the mid-1980s, price reductions could be even greater than our analysis 
suggests. This topic warrants considerable new research and analysis, but as 
there are significant risks and uncertainties on both sides, we think the price 
reductions in the model are a reasonable best guess. 

Lower oil and gas prices mean higher oil and gas demand, and thus lower 
demand for other energy sources. We estimate a $16 billion to $37 billion per 
year decrease in coal, nuclear, and renewable energy production revenue in the 
conservative and optimistic cases, respectively, between 2013 and 2035 (figure 
4.2). On net, energy producer revenue increases by $22 billion per year in the 
conservative scenario and $64 billion per year in the optimistic scenario (tables 
4.1 and 4.2). 

Energy Expenditures

While the decrease in prices resulting from increased US oil and gas supply is 
bad news for energy producers, it is an economic windfall for energy consumers. 
The country’s annual energy bill falls by $56 billion on average between 2013 
and 2035 in the conservative scenario and $177 billion in the optimistic case 
(tables 4.1 and 4.2), and that is accounting for the increase in demand that 
occurs due to lower prices, known as the rebound effect. Oil expenditures fall 
by more than natural gas expenditures despite a smaller change in price—$75 
billion versus $53 billion in the optimistic case (see figure 4.3). The country 
spends much more on oil than it does on natural gas, and the rebound effect 
is greater in gas thanks to coal-gas fuel switching in the power sector. Since 
natural gas sets the price of electricity in many parts of the country, annual 
power expenditures fall significantly as well: by $40 billion on average between 
2013 and 2035 in the optimistic case. 

By sector, the biggest savings occur in transportation and industrial 
sectors where oil and gas consumption is highest (figure 4.4). For energy-inten-
sive industries this means lower production costs, increased international 
competitiveness, and lower product prices for consumers. The residential and 
commercial sectors see impressive savings as well—a combined $57 billion per 
year in the optimistic scenario, thanks primarily to lower electricity prices. Add 
residential energy expenditures to the share of transport energy expenditures 
attributable to passenger vehicles and the average household saves between 
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$159 and $513 per year in energy costs between 2013 and 2035, making money 
available to save or spend on other goods and services. 

The EIA’s 2012 and 2013 outlooks both forecast a decline in energy expen-
ditures as a share of GDP from current levels. This is also true in all three of 
our scenarios (figure 4.5). In the pre-shale case, energy expenditures fall from 
9.1 percent of GDP in 2011 to 6.8 percent by 2035. In the conservative scenario, 
energy expenditures fall to 6.3 percent of GDP. In the optimistic case, they fall 
to 5.6 percent. On average, there is 1 percent of GDP difference in energy costs 
between the pre-shale and optimistic scenarios between 2013 and 2035. 

Over the past couple of years, the consumer benefit of the oil and gas boom 
has likely been greater than these long-term projections suggest. Between 2008 
and 2012 the United States accounted for more than half of global oil pro-
duction growth (figure 4.6). That helped restrain global oil prices at a time 
when North Sea production was falling and markets were plagued by a host 
of supply disruptions, from Sudan to Syria to sanctions against Iran. As men-

2  

Table 4.1  Energy prices, revenue, and expenditures, by scenario,  
2013–20

Sector

Pre-shale Conservative Optimistic

Value Value
Difference

(percent) Value
Difference 

(percent)

Energy prices
Oil (2010 US dollars per barrel) 115.40 112.50 –2.5 104.70 –9.3
Gasoline (2010 US dollars per gallon) 3.62 3.56 –1.7 3.35 –7.5
Natural gas (2010 US dollars per 

MMBtu)
5.47 4.31 –21.2 2.77 –49.3

Coal (2010 US dollars per short ton)a 41.10 41.00 –0.4 41.30 0.4
Electricity (2010 cents per kWh) 9.98 9.63 –3.5 9.04 –9.4

Producer revenue
Oil (billions of 2010 US dollars) 351 390 11.0 453 29.1
Natural gas (billions of 2010 US 

dollars)
107 95 –11.2 72 –32.3

Coal (billions of 2010 US dollars) 45 42 –7.4 42 –7.9
Nuclear (billions of 2010 US dollars) 51 48 –5.7 42 –16.5
Renewables (billions of 2010 US 

dollars)
92 86 –6.7 77 –16.2

Energy expenditures
Economywide (billions of 2010  

US dollars)
1,438 1,403 –2.4 1,322 –8.1

Household (2010 US dollars per 
home)

5,377 5,263 –2.1 4,987 –7.3

kWh = kilowatt hour; MMBtu = millions of British thermal units

a. Includes both thermal coal used in power generation and more expensive metallurgical coal used 
in steel making. Average coal prices are lower in the optimistic scenario than in the conservative  
scenario because the thermal/metallurgical ratio has declined.

Source: Authors’ calculations using the National Energy Modeling System.
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tioned above, quantifying exactly how much increased US output mitigated 
the price effects of these disruptions is a challenge. Had the United States pro-
duced less, other countries may well have produced more. 

That said, spare capacity in Gulf Cooperation Council countries—the 
OPEC members most likely to increase output to help supply the market—
was already running pretty low in 2012 as Saudi Arabia increased production 
to replace Iranian supply curtailed by sanctions. In that time period, others 
could not have replaced the full 2.2 million bbl/d of US production growth, on 
par with total Iranian exports before sanctions went into effect. Prices would 
have needed to rise to balance the market. For oil, short-term price elasticity 
is considerably lower than long-term price elasticity, so the required market-
balancing price increase could have been substantial. That could well have 
been too much for a fragile US economic recovery to handle. 

  3

Table 4.2  Energy prices, revenue, and expenditures, by scenario,  
2021–35

Sector

Pre-shale Conservative Optimistic

Value Value
Difference 

(percent) Value
Difference 

(percent)

Energy prices
Oil (2010 US dollars per barrel) 129.10 124.60 –3.5 114.60 –11.2
Gasoline (2010 US dollars per gallon) 3.99 3.92 –1.8 3.61 –9.6
Natural gas (2010 US dollars per 

MMBtu)
8.43 6.04 –28.4 3.31 –60.8

Coal (2010 US dollars per short ton)a 46.70 46.00 –1.5 45.70 –2.2
Electricity (2010 cents per kWh) 10.51 9.80 –6.7 8.85 –15.8

Producer revenue
Oil (billions of 2010 US dollars) 388 451 16.4 572 47.6
Natural gas (billions of 2010 US 

dollars)
164 146 –11.0 101 –38.4

Coal (billions of 2010 US dollars) 58 52 –9.3 39 –31.5
Nuclear (billions of 2010 US dollars) 65 55 –15.0 46 –29.8
Renewables (billions of 2010 US 

dollars)
127 110 –13.1 95 –25.2

Energy expenditures
Economywide (billions of 2010  

US dollars)
1,656 1,588 –4.1 1,446 –12.7

Household (2010 US dollars per 
home)

5,294 5,112 –3.4 4,716 –10.9

kWh = kilowatt hour; MMBtu = millions of British thermal units

a. Includes both thermal coal used in power generation and more expensive metallurgical coal used 
in steel making. Average coal prices are lower in the optimistic scenario than in the conservative 
 scenario because the thermal/metallurgical ratio has declined.

Source: Authors’ calculations using the National Energy Modeling System.
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Oil and Gas as Economic Stimulus

Simply summing up the direct, indirect, and induced effects of the investment, 
production revenue, and cost savings discussed above—the approach most 
existing studies take—overstates the effect of the current oil and gas boom on 
overall economic growth. Greater demand for investment and labor in oil, gas, 
and supporting industries puts upward pressure on interest rates and wages, 
which reduces investment and employment in other parts of the economy. 
Higher domestic prices mean a stronger real exchange rate, even if the nominal 
exchange rate remains unchanged, which can offset some or all of the improve-
ment in the current account balance that decreased oil imports create.

But, when the economy is operating below full employment, these equilib-
rium effects are less pronounced. And in the IHS Global Insight model used in 
this analysis, the economy does not return to full employment in the pre-shale 
scenario for several years. Against this backdrop, the current oil and gas boom 
acts as a relatively potent economic stimulus, combining upstream investment 
(akin to infrastructure spending) with energy cost savings (akin to tax cuts). 
In our analysis, US GDP is between 0.6 percent (conservative) and 2.1 percent 

  3

Figure 4.3    Annual average di�erence in energy expenditures by source,  
                          2013–35

billions of 2010 dollars

Source: Authors’ calculations.
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(optimistic) higher on average between 2013 and 2020 due to the oil and gas 
boom (table 4.3).2 That is an increase in the average annual growth rate of 0.09 
to 0.19 percent. Total employment is between 0.5 and 1.8 percent higher, an 
addition of 0.8 million to 2.5 million jobs, thanks to a combination of higher 
overall output and a shift in the composition of economic output in a more 
labor-intensive direction. That takes the average unemployment rate between 
2013 and 2020 down by 0.6 percent in the optimistic case.

The magnitude of the boom’s short-term economic effect is on par with 
the American Recovery and Reinvestment Act. The Congressional Budget 
Office (CBO) estimates that the Recovery Act added between 0.3 and 1.9 per-
cent to average US GDP between 2009 and 2013 (figure 4.7) and increased total 

2. As energy is considered a factor of production in the IHS Global Insight model, greater oil and 
gas supply increases potential GDP between 2013 and 2020 by an average of 1 percent in the op-
timistic scenario (table 4.3). Most of the short-term increase in GDP and employment, however, 
comes from the simulative demand-side effect of both greater investment and real consumption—
thanks to lower energy costs—that accelerate the economy’s return to full employment. While the 
difference in potential GDP between 2013 and 2020 between the pre-shale and optimistic sce-
narios is 1 percent, the difference in actual GDP is 2.1 percent.

4  

Figure 4.4    Annual average di�erence in energy expenditures by sector,  
                          2013–35

billions of 2010 dollars

Source: Authors’ calculations.
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  5

Figure 4.5    Energy expenditures as a share of GDP, 1970–2035

percent

Source: Authors’ calculations.
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6  Figure 4.6    Change in oil production, 2012 versus 2008

thousand barrels per day

OPEC = Organization of Petroleum Exporting Countries

Source: IEA (2013a).
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4  

Table 4.3 Macroeconomic impact, by scenario, 2013–20

Indicator

Pre-shale Conservative Optimistic

Value Value
Difference 

(percent) Value
Difference 

(percent)

Output      
 Real GDP (billions of 2005  
  chained US dollars)

15,293 15,389 0.6 15,620 2.1

 Potential GDP (billions of  
  2005 chained US dollars)

16,526 16,571 0.3 16,687 1.0

 Real GDP growth (percent  
  per year)

2.65 2.74 3.4 2.84 7.0

Employment
 Nonfarm employment  
  (millions)

141.30 142.10 0.5 143.80 1.8

 Unemployment rate  
  (percent)

7.40 7.20 –2.4 6.80 –8.2

Prices
 Consumer price index  
  (1982–84 = 100)

2.51 2.50 –0.3 2.50 –0.4

 AA corporate bond  
  (percent, nominal)

6.70 6.80 0.5 6.90 2.6

 Hourly compensation  
  (1992 = 1.0)

1.18 1.18 0.1 1.19 0.9

Source: Authors’ calculations using the National Energy Modeling System.

  7

Figure 4.7    Di�erences in average annual GDP and employment

percent

Note: Low and high estimates from the Congressional Budget Office for the American Recovery and 
Reinvestment Act versus authors’ conservative and optimistic scenarios used in this analysis.

Sources: CBO (2012); authors’ calculations.
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employment by 0.3 to 1.7 percent (CBO 2012). There are a couple of  caveats to 
keep in mind when considering these findings, however. First, the 2012 NEMS 
version of the IHS Global Insight model used for this analysis is relatively pes-
simistic about the pace of the economic recovery, with the United States not re-
turning to full employment until shortly after 2020. In the 2013 version of the 
model, the United States reaches full employment in 2020. The CBO projects 
the US economy will return to full employment in 2017 (CBO 2013). Second, 
Recovery Act stimulus was broadly spread throughout the country while the 
oil and gas boom is more concentrated. This means that in oil- and gas-pro-
ducing areas, prices will likely rise faster than our nationwide analysis suggests. 
It is already happening in places like North Dakota, where the inflation rate is 
much higher than in the rest of the country due to booming production in the 
Bakken. Our model does not capture this well. Should the economy recover 
faster than the baseline IHS Global Insight projections, the effect of increased 
oil and gas production on short-term economic growth and job creation will 
be lower than the estimates outlined above. Regardless, the boom could not 
come at a better time economically, as the Recovery Act stimulus tapers off and 
the prospects for additional fiscal support for the economy look dim. 

Long-Term Economic Effects

Beyond 2020 the economic benefits of the oil and gas boom are more limit-
ed. As the economy returns to full employment, interest rates rise and labor 
costs increase beyond oil- and gas-producing areas. In our analysis, AA 
corporate bond rates are 5.3 percent higher between 2021 and 2035 in the 
optimistic scenario than in the pre-shale case, and hourly labor costs are 5.4 
percent higher (table 4.4). This takes the rate of economic growth back to 
pre-shale levels.3 The economy keeps the gains it made between 2013 and 
2020, however. Increased oil and gas supply shifts the US economic produc-
tion frontier (potential GDP) out by 1.3 percent in the optimistic case and 
actual GDP by 1 percent on average between 2021 and 2035. But this is a 
one-time positive shock to the economy, not a sustained increase in the rate 
of economic growth.

The situation is very different from the information technology (IT) boom 
of the 1990s, which is often cited as a precedent for today’s growth in oil and 
gas supply. According to growth economists Dale Jorgenson and Mun Ho, 

3. The 2012 IHS CERA study also highlights the importance of general equilibrium consider-
ations when assessing the long-term economic effects of the unconventional oil and gas boom. “By 
2035,” it states, “we have estimated almost 3.5 million jobs will be supported by unconventional 
oil and natural gas activity. However, one cannot say that in 2035 3.5 million workers would have 
been added to the unemployment rolls if unconventional oil and natural gas did not exist. If un-
conventional oil and natural gas did not exist, the population and labor force size would still be 
the same and those workers would have found work in other sectors of the economy.”
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IT-producing industries, both equipment and services, accounted for 3 percent 
of US economic output between 1995 and 2000, on par with the oil and gas 
sector going forward (Jorgenson, Ho, and Samuels 2010). But the output of 
IT-producing industries was not the game changer for the US economy; it 
was the productivity improvements that IT equipment and services made 
possible in other parts of the economy. By installing increasingly inexpensive 
hardware and software, companies could produce more output with less labor 
and capital, driving down product prices. IT also made entirely new types of 
business activity possible, from just-in-time manufacturing to online dating. 
Jorgenson, Ho, and Samuels estimate that IT-consuming industries—those for 
which more than 15 percent of the capital input is IT—accounted for more 
than half of the growth in US economic output between 1995 and 2000. 

Energy sector developments have had transformative effects in the past. 
The switch from wood to coal as the predominant source of energy supply 
in the United States enabled new types of industrial activity because coal 
contained much more energy by volume and was thus easier to transport. The 
widespread deployment of electric power generation had a transformative 
effect as well: Electricity is much more versatile and flexible than raw fossil 
fuels (Stern 2011). But the current oil and gas boom does not yield a different 
and more convenient form of energy; it provides more of the same energy at a 
lower price. That is certainly helpful, as evidenced by the outward shift in US 
potential GDP discussed above, but it is not transformative in the same way 
that IT was in the 1990s. 

  5

Table 4.4 Macroeconomic impact, by scenario, 2021–35

Indicator

Pre-shale Conservative Optimistic

Value Value
Difference 

(percent) Value
Difference 

(percent)

Output      
Real GDP (billions of 2005 chained  

US dollars)
20,653 20,729 0.4 20,866 1.0

Potential GDP (billions of 2005 
chained US dollars)

21,517 21,613 0.4 21,796 1.3

Real GDP growth (percent per year) 2.59 2.58 –0.5 2.56 –1.1
Employment

Nonfarm employment (millions) 157.80 158.20 0.3 158.80 0.6
Unemployment rate (percent) 5.60 5.60 0.6 5.70 2.4

Prices
Consumer price index  

(1982–84 = 100)
3.20 3.22 0.6 3.29 2.8

AA corporate bond (percent,  
nominal)

7.40 7.50 1.6 7.80 5.3

Hourly compensation (1992 = 1.0) 1.41 1.43 1.5 1.49 5.4

Source: Authors’ calculations using the National Energy Modeling System.
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Implications for the Trade Balance and Exchange Rate

Growth in domestic oil and natural gas production has already significantly 
reduced US dependence on imported energy, and in both our conservative 
and optimistic scenarios, that decline continues for the next couple decades. 
In the conservative case, net energy imports as a share of total primary energy 
consumption decline from 18.3 percent in 2011 to 14.6 percent in 2020 and 
11.7 percent in 2035 (figure 4.8 and table 4.5). In the optimistic case, net 
imports decline to 7.4 percent of consumption by 2020 and 1.7 percent by 
2035—levels not seen since the 1950s. This contrasts starkly with the pre-shale 
scenario, where net imports stay between 16 and 20 percent of total energy 
consumption through 2035. 

That the United States does not become a net energy exporter in the opti-
mistic scenario, despite following a production pathway similar to the more 
ambitious Citigroup and Wood Mackenzie forecasts, is the result of changes 
on the demand side of the energy equation. Lower prices and faster economic 
growth lead to a 2.3 percent increase in overall energy demand in 2035 rela-
tive to the pre-shale scenario (table 4.5). Efficiency policy can counteract this 
rebound effect, as discussed in chapter 5. A lower energy trade deficit in quantity 
terms means a lower deficit in value terms as well. In our pre-shale scenario, the 
US energy trade deficit grows from roughly $330 billion today (in real 2010 US 
dollars) to nearly $430 billion by 2035 (table 4.5). In our conservative scenario, 
net energy imports stay roughly flat, averaging $335 billion per year in real 
2010 dollars between 2013 and 2035, thanks to both smaller import quantities 
and lower prices. In the optimistic case, real net energy imports decline sharply, 
falling to $116 billion by 2035. As a share of GDP, net US energy imports fall 
to 1.2 percent by 2035 in the conservative scenario and 0.4 percent in the opti-
mistic case, a 0.4 and 1.2 percentage point reduction, respectively, from the 
pre-shale case (figure 4.9). 

Changes in the US energy trade balance significantly improve the coun-
try’s terms of trade, that is, the price of US imports relative to exports. Terms 
of trade in developed economies have declined over the past decade, in large 
part because of rising oil prices (IMF 2011). The current oil and gas boom 
helps correct this for the United States by both reducing oil import quantities 
and lowering global oil prices. Improved terms of trade create a wealth effect, 
which is captured in the headline macroeconomic results reported earlier in 
this chapter. 

A lower energy trade deficit, however, does not necessarily lead to a lower 
trade deficit overall. The Netherlands experienced a natural gas boom in the 
1960s following the discovery of significant hydrocarbon resources in the 
North Sea. This significantly improved the country’s energy trade balance, but 
also led to an appreciation in the guilder, which made the country’s manufac-
turing exports less competitive. This phenomenon came to be known as Dutch 
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8  Figure 4.8    Net imports as a share of total energy consumption, 1949–2035

percent

Sources: EIA (2012b); authors’ calculations.
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Table 4.5 Energy trade balance, by scenario, 2020, 2030, and 2035

Source

Pre-shale Conservative Optimistic

2020 2030 2035 2020 2030 2035 2020 2030 2035

Quantity          
Crude oil (million barrels/day) –8.10 –8.20 –9.30 –7.20 –7.20 –7.60 –4.60 –3.40 –3.70
Refined products (billion barrels/day) –0.15 –0.06 –0.08 0.12 0.24 0.35 0.52 0.86 1.01
Natural gas (trillion cubic feet) –4.10 –2.00 –1.20 –1.00 2.50 3.70 0.70 6.00 7.00
Coal (million short tons) 64.50 49.90 70.70 67.00 81.50 93.70 79.70 86.90 95.60
Biofuels (million barrels/day) –0.01 –0.04 –0.10 0.00 –0.02 –0.03 0.01 –0.02 –0.03
All energy sources (quadrillion British thermal units) –18.00 –17.70 –18.20 –14.50 –12.60 –12.50 –7.40 –2.00 –1.90

Total energy consumption (quadrillion British thermal units) 98.50 103.80 106.00 99.40 104.10 106.80 100.20 105.60 108.40
Net import share (percent) 18.30 17.10 17.20 14.60 12.10 11.70 7.40 1.80 1.70

Value (billions of real 2010 US dollars)
Crude oil –356.00 –394.50 –446.10 –303.00 –330.50 –367.50 –179.00 –143.70 –165.90
Refined products 5.30 11.30 13.00 7.90 15.00 20.40 8.80 19.30 25.30
Natural gas –8.40 –5.20 –4.50 –1.50 5.10 9.40 0.80 7.00 9.80
Coal 10.00 8.60 12.60 10.40 14.20 16.70 12.10 14.80 16.90
Biofuels –0.30 –1.20 –3.70 0.00 –0.80 –1.90 0.20 –0.60 –1.60
All energy sources –349.50 –381.10 –428.80 –286.20 –297.00 –322.90 –157.20 –103.20 –115.60

Share of GDP (percent) –1.90 –1.60 –1.60 –1.50 –1.20 –1.20 –0.80 –0.40 –0.40

Source: Authors’ calculations using the National Energy Modeling System.
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  9

Figure 4.9    Energy trade balance as a share of GDP, 1970–2035

percent

Sources: UN Statistics Division, Commodity Trade Statistics Database, 2012; BEA (2013); authors’ calculations.
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disease;4 it has appeared elsewhere since and works as follows. A country 
makes a major natural resource discovery, leading to a surge in investment in 
its natural resource sector. If the country is smaller and the investment comes 
primarily from abroad, the increased inflow of foreign exchange increases the 
country’s money supply. If the country’s exchange rate is fixed, domestic prices 
then rise. If the exchange rate is flexible, nominal appreciation results. In either 
case, the real exchange rate strengthens (Corden 1984). In a larger country 
where most of the investment comes from domestic sources, the increase in 
investment and labor demand from the resource sector also pushes up prices, 
leading to real exchange rate appreciation as well. A stronger real exchange 
rate makes nonresource exports less competitive, leading to a decline in the 
country’s manufacturing trade balance. Some economists argue that manu-
facturing sector investment produces more long-term productivity gains than 
resource investment, and Dutch disease thus reduces potential GDP growth. 

A 2010 IMF review of the literature finds strong empirical evidence that 
natural resource shocks—either big new discoveries or big price increases—
result in exchange rate appreciation, reallocation of production factors (labor 
and capital) away from manufacturing, and lower net exports (or higher 
net imports) of manufactured goods (Magud and Sosa 2010). This appears 
consistent with the Canadian, Brazilian, and Australian experience over the 
past decade: All three countries have seen a boom in natural resource exports, 
real effective exchange rate appreciation, and a decline in their manufacturing 
trade balance. 

Likewise, in our modeling, the long-term increase in labor and capital 
costs resulting from a surge in oil and gas investment (table 4.4) results in 
real dollar appreciation, even though the nominal exchange rate is fixed in our 
analysis, and leads to a deterioration in the country’s nonenergy trade balance 
that offsets much of the improved energy trade position. Of course, a number 
of factors led to the recent declines in Canada’s, Australia’s, and Brazil’s manu-
facturing trade balance other than their domestic resource booms (e.g., China’s 
entry into the World Trade Organization). Likewise, a number of characteris-
tics of the current US oil and gas boom could help keep Dutch disease at bay. 

The shale revolution has created a disconnect between US and international 
natural gas prices that will help offset the competitiveness effect of a stronger 
dollar for some energy-intensive industries. As the global reserve currency, the 
US dollar often behaves differently than other currencies under the same set 
of macroeconomic conditions. Also, a shift in where the money goes when 
Americans fill up at the pump—say, to ExxonMobil rather than Saudi Aramco—
could affect domestic saving rates, which would affect the current account 
balance as well. An in-depth analysis of these factors is required to fully assess 
the effect of the current oil and gas boom on the US international economic 
position, and is outside the scope of this book. Our colleagues William Cline 

4. Christine Ebrahim-zadeh, “Back to Basics,” Finance & Development 40, no. 1, March 2003, www.
imf.org/external/pubs/ft/fandd/2003/03/ebra.htm (accessed on September 8, 2013).
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and John Williamson at the Peterson Institute for International Economics 
estimate that a 1 percent real appreciation of the dollar reduces the current 
account balance by 0.21 percent (Cline and Williamson 2011). We apply this 
rule of thumb to the 1.1 to 1.2 percent of GDP difference in the energy trade 
balance between our optimistic and pre-shale scenarios from 2020 to 2035 and 
estimate an upper-bound potential dollar appreciation of 5.7 percent, rela-
tively modest by Canadian, Australian, or Brazilian standards. That assumes 
the current account balance remains constant. Should the current account 
balance decline, the effect on the dollar would be less. Chapter 6 explores how 
far lower-cost domestic energy might go in offsetting the impact of a poten-
tially stronger exchange rate on US manufacturing competitiveness.

A More Resilient US Economy?

Increased domestic oil and gas investment and production are a potent 
economic stimulus in the short and medium term, improve US terms of trade, 
and modestly expand long-term economic output. But how effective are they 
in safeguarding the US economy from future energy price spikes? Even if the 
United States becomes a net oil exporter in the years ahead, domestic crude 
oil and refined product prices will almost certainly continue to track inter-
national prices. Gasoline prices in Canada, a net oil exporter, closely follow 
gasoline prices in the United States and international crude oil prices (figure 
4.10). This is because both crude oil and refined products are internationally 
traded commodities with generally low transportation costs relative to ship-
ment value, which creates a strong commercial incentive to arbitrage regional 
price differences.5

The above means that when there is a supply disruption in the Middle 
East, Canadian drivers take a hit alongside their peers in the United States. 
Increased domestic supply comes with economic benefits that can offset some 
of the cost of an oil price spike. If the US produced as much oil as it consumed 
and the price of crude increased from $100 to $130 per barrel because of a 
supply disruption in the Middle East, domestic oil and gas company profits 
and mineral royalties would increase by roughly the same amount as dispos-
able household incomes decreased. These profits would either be distributed 
to shareholders or retained for future capital investment. But the consumer 
costs of oil price spikes fall hardest on the middle class, while the dividend 
benefits accrue disproportionately to the wealthy. Private royalty revenue falls 
somewhere in between (figures 4.11 and 4.12). Higher-income households 
save more and spend less than their middle- and lower-income counterparts 

5. The rapid recent changes in North American supply have outpaced the construction of sup-
porting pipeline capacity, leading to a relatively large gap between the price of crude oil produced 
in Alberta and the US midcontinent international crude price indexes, such as Brent, accounting 
for higher-cost nonpipeline transport options. But the prices still move in tandem and the in-
dustry is aggressively pursuing infrastructure investments that would close the price spread.
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10  Figure 4.10    US and Canadian gasoline prices relative to international crude oil prices, 2000–12

US dollars (2005 = 100)

Source: Bloomberg.
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(Huggett and Ventura 1995; Dynan, Skinner, and Zeldes 2004). That means 
higher dividend and royalty income would not offset the effect of higher oil 
prices on overall US consumption expenditures during an oil price spike, even 
if US oil supply equaled US oil demand. 

The US oil and gas boom, however, lessens the effect of any particular 
international oil supply disruption on global oil prices. To the extent that US 
production is less volatile than Middle East production, changing the rela-
tive balance of the two in the global oil market makes the market as a whole 
less volatile. Tight oil production can be brought online quicker than complex 
conventional onshore or deepwater projects, so the unconventional boom 
could very well make global supply more price elastic, reducing the price 
effect of any given supply disruption. But given the importance of consumer 
spending in the US economy and the impact of oil price spikes on disposable 
consumer income, continued improvements in energy efficiency (discussed in 
the following chapter), particularly in the transportation sector, are an impor-
tant complement to increased oil and gas supply. 
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Figure 4.11    Oil as a share of consumption expenditures, by annual
                             income level, 2011

percent

Source: BLS (2013d).
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Figure 4.12    Dividends as a share of adjusted income, by income level,
                             2010

percent

Source: IRS (2010).
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