APPENDIX 2

Assessing the Macroeconomic and Industrial Impacts

of Higher Natural Gas Prices

This Appendix describes the impact of increased natural gas prices on the U.S. economy using a dynamic general equilibrium (economy-wide) approach.  In particular, we used the University of Maryland Inforum
 LIFT (Long-term Interindustry Forecasting Tool) model of the U.S. economy to quantify the effects of the natural gas price surge that began in 2000.  Because of its detailed industry structure and its “bottom-up” approach, the macroeconomic results of LIFT model simulations are fully consistent with changes at the industrial level.  For example, changes in aggregate price indices such as the consumer price index are based on the additive effects of price changes for individual products such as food, motor vehicles, and gas utilities.

We isolate the impacts of these higher natural gas prices by conducting a “what-if” experiment where different assumptions about natural gas prices are used to generate separate solutions of the LIFT model.  The differences in quantities and values between these scenarios represent estimates of the impact of the natural gas price change.  While we were primarily interested in the effects of higher natural gas prices over the past five years (i.e., 2000 through 2004), we used an 11-year simulation horizon (2000 to 2010) to assess the long-term impacts of the price surge.

Figure 2.1 shows the evolution of the natural gas wellhead price from 1990 through 2004.  Through 1999, prices were relatively steady.  In 2000, however, prices rose by 70 percent and by another 8 percent in 2001.  While gas prices declined by 28 percent in 2002, they spiked again by 70 percent in 2003.  By 2004, natural gas prices had risen by 144 percent over the 1999 price.

We use this historical price behavior as the basis for calibrating a “high NG price case” LIFT model scenario for the years 2000 to 2010.  For 2000 through 2004, we use the historical natural gas price.  For the 2005 to 2010 period, we posit that the natural gas price rises by an additional 1 to 2 percent per year, as depicted in Figure 1.  This scenario essentially attempts to replicate the historic evolution of the economy through 2004 and provides a forecast of “business as usual” of higher prices through 2010.  The macroeconomic and industrial results generated by the model reflect history from 2000 through 2004 and a forecast of modest growth and moderate inflation from 2005 through 2010.

To compare this historical economic performance to what might have happened if natural gas prices had not increased so dramatically, we construct a second simulation termed the “low NG price case.”  In this scenario, natural gas prices are, for each year from 2000 to 2010, 60 percent of the prices in the high NG price case.  In other words, and as shown in Figure 2.1, the historical alternative conjectures that the 2000 natural gas price shock did not occur, but the price movement in subsequent years is similar.

Figure 2.1:  Natural Gas Price Assumptions for LIFT Model Scenarios
[image: image5.wmf]2000

2001

2002

2003

2004

Total civilian jobs

-306.0

-527.1

-563.6

-528.8

-518.2

   Agriculture, forestry, fisheries

-9.9

-17.3

-17.9

-16.1

-15.7

   Mining

-1.8

-0.2

-2.1

-2.7

-3.7

   Construction

-13.1

-30.9

-81.0

-51.3

-48.0

   Manufacturing non-durables

-16.5

-34.9

-38.2

-37.6

-38.6

   Manufacturing durables

-14.0

-43.7

-58.4

-59.4

-51.6

   Transportation

-3.6

-5.7

-7.5

-7.6

-6.8

   Utilities

1.9

16.5

7.5

7.0

6.1

   Wholesale and retail trade

-70.8

-145.5

-118.2

-112.7

-113.7

   Finance, insurance, real estate

-37.0

-59.4

-49.6

-54.4

-56.8

   Services

-141.2

-206.0

-198.2

-194.0

-189.4

Source:  INFORUM estimates using LIFT model simulation.
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                          Source:  EIA for actual and forecast natural gas prices. INFORUM

                                        estimates for low natural gas prices

Increases in natural gas prices have had several important consequences for the economy.  We will consider the aggregate, or macroeconomic, impacts first.  These are displayed by Table 2.1.  The figures in the table show the differences in simulated economic outcomes, usually in cumulative percentage terms, between the low natural gas price alternative and the high natural gas price historical scenario.  For instance, the table shows the in the year 2000, the historical level of real (inflation-adjusted) Gross Domestic Product (GDP) is 0.2 percent lower compared to a hypothetical scenario where the natural gas price is 40 percent lower.  In other words, if natural gas prices had not spiked, real GDP would have been 0.2 percent higher.

Assuming the hypothetical (lower) path of natural gas prices shown in Figure 2.1, the cumulative decrement in the level of GDP reaches a maximum of 0.4 percent in 2001, i.e., the 0.2 percent decrement and an additional 0.2 percent decrement in 2001.  The impact on the growth rate of the economy then becomes slightly positive from 2002 through 2004 so that the total cumulative percent change in real GDP by 2004 is –0.30 percent.  Indeed, the growth rate in the high natural gas price case based on actual historical data in subsequent years is actually a bit higher than the lower natural gas case as the economy recovers from the slower growth in the initial years.  Why would a one-time, but permanent, increase in natural gas prices affect the economy in this way?

Table 2.1: Macroeconomic Impacts of Higher Natural Gas Prices
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Since natural gas is an important production input in several industries, higher prices set off a “cost-push” inflationary chain that reverberates throughout the entire economy.  For instance, the chemical industry uses natural gas relatively intensively.  Chemical producers must accommodate the higher natural gas prices either by a reduction of profit margins or an increase in chemical product prices.  While the former strategy might be viable in the short run, over the longer term most of the input cost increases should be reflected in higher chemical prices.  In turn, higher prices for chemicals will boost production costs for important down-stream industries such as agriculture, food, textiles, motor vehicles, and so forth.

Table 2.1 indicates that higher natural gas prices boost the level of the GDP price deflator (i.e., domestic production prices) by 0.54 percent and by 1.03 percent in 2000 and 2001, respectively.  Consumption prices are higher by 0.63 percent in 2000 and by 1.18 percent for 2001.  These figures suggest that the natural gas price shock of 2000 added 0.65 and 0.55 points to the consumer inflation rate (the percent change in prices from year to year) in each of 2000 and 2001.  Most of the price effect occurs in these first two years.  In subsequent years, the impact on inflation and the general price level are reduced.  After 11 years the producer price level is only 1.83 percent higher and the consumption price is 1.96 percent higher.  In other words, a one-time, 70 percent spike in the natural gas price adds less than 2 percent to average prices after 10 years.

Higher natural gas prices and general inflation will, on balance, act to reduce domestic demand and production.  We can identify three broad effects.  First of all, higher natural gas prices act like a tax on consumers.  Because they must pay a higher share of their income on heating and cooking, households will have less income left over to spend on other goods and services.  The typical consumer will feel poorer.  Moreover, higher general inflation reduces real income and, therefore, lowers consumption.  However, the importance of this impact on national income should not be exaggerated.  A higher natural gas price is very different than a higher crude oil price because, unlike oil, most gas is produced domestically.  Therefore, the bulk of the “tax” on consumers represents a redistribution of income within the U.S. economy, that is, from gas consumers to gas producers.  Unlike a spike in the price of imported crude oil, increases in natural gas prices do not represent a large leakage of income outside of the economy.  Therefore, the income transfer impact on aggregate household consumption is muted.  Indeed, Table 2.1 shows that the level of real consumption is reduced by only 0.17 percent in 2000, the first year of the price shock, and by only a cumulative impact of 0.18 percent through 2004.

Second, the short-term interest rates, as measured by change in 3-month Treasury Bills, increase by up to 20 basis points by 2003 as the Federal Reserve acts to quell inflationary pressures.  Longer-term rates, as reflected by 10-year Treasury Bonds, increase by a similar amount.
  Combined with lower profit margins, these higher interest rates will act to reduce the demand for nonresidential investment.  Indeed, the level of nonresidential investment is a cumulative 1.11 percent lower by 2002 and equipment and software investment is reduced by 0.71 percent in the same year.  Similarly, lower real household incomes and higher interest rates will depress residential investment.  This impact peaks at 1.27 percent by 2002.

Finally, assuming that the run-up in U.S. natural gas prices has outpaced price increases in key trading partners, higher domestic inflation will erode the relative trade competitiveness of the economy.  In the near-term, at least, higher domestic production costs for tradable goods will discourage exports.  As a result of higher natural gas prices, export volume falls by 0.60 to 0.80 percent in the near term.  On the import side, the loss of competitiveness will be reflected by greater demand for cheaper foreign goods.  However, in the aggregate this import boost is exceeded by the reduction of imports due to lower overall domestic demand.  Import volume is reduced by 0.30 percent in 2001 and 0.12 percent in 2004.  In nominal dollars, the model implies that the combined trade price and volume changes result in a small decrease in the current account balance of $15.9 billion in 2004.

As described above, much of the aggregate cost of a one-time natural gas price shock dissipates over the long run as the economy adjusts to higher natural gas prices.  The cost-push inflation will eventually run its course, and many negative influences on growth will disappear.  Moreover, in theory at least, exchange rates will adjust to changes in relative inflation across countries.  In the long run, then, we might expect that currency depreciation will neutralize the erosion of competitiveness caused by the natural gas price shock.  Unemployed workers will find work in other sectors.  In summary, adjustments will encourage the economy to return to its “pre-shock” level of employment and production (GDP).

On the other hand, the long-run cost to the economy result from the real resource adjustments needed to cope with higher natural gas prices: the labor and capital resources substituted for expensive natural gas in production processes, and the labor and capital used in searching for new natural gas supplies.  The magnitude of these “opportunity costs” is best reflected in the reduction of real income.  The model indicates that the permanent 70 percent increase in natural gas prices implies a long-term reduction of real personal income of 0.55 percent.  Until new technology reduces natural gas demand or new exploration increases its supply, such costs will tend to linger.

Sectoral Impacts of Higher Natural Gas Prices

Changes in sectoral real gross output, prices and employment are displayed in Tables 2.2 through 2.4.  Changes in relative prices alter the structure of the economy.  Particularly, competitiveness pressures are felt most acutely in industries most dependent on natural gas inputs, either directly like nitrogenous fertilizers, or indirectly, like agriculture.  All other things being equal, higher natural gas prices result in significantly lower growth in the most vulnerable sectors.  Some industries, such as finance, might be very lightly impacted and other industries, such as oil-field equipment, would be positively affected.

Over a long period of high natural gas prices, we would notice substantial changes in production patterns across industries.  Such structural change involves real, albeit transitory, adjustment costs.  For instance, layoffs from and capacity obsolescence in retrenching industries impose an opportunity cost to the economy.  Presumably, this cost ends once labor and capital resources have been redeployed productively.  Changes in industrial structure that emanate from a one-time, permanent, spike in natural gas prices should be durable.  Only a reversal in relative price of gas would remove the disadvantage to natural gas dependent industries.

Table 2.2: Sectoral Gross Output Impacts of Higher Natural Gas Prices
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Source:  INFORUM estimates using LIFT model simulation.
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Table 2.3: Sectoral Price Impacts of Higher Natural Gas Prices
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Table 2.4: Sectoral Employment Impacts of Higher Natural Gas Prices

[image: image4.wmf]2000

2001

2002

2003

2004

Agriculture, forestry, fisheries

0.63

1.18

1.23

1.41

1.55

Mining

15.47

18.57

14.82

19.90

20.32

Construction

0.08

0.30

0.41

0.67

0.83

Manufacturing non-durables

1.04

1.39

1.53

1.73

1.87

Manufacturing durables

0.87

1.07

0.87

1.21

1.42

Transportation

0.12

0.28

0.50

0.70

0.80

Utilities

8.23

9.26

8.38

10.55

10.85

Wholesale and retail trade

-0.06

1.18

0.97

1.08

1.22

Finance, insurance, real estate

0.52

0.99

1.06

1.24

1.37

Services

0.21

0.40

0.58

0.79

0.94

Source:  INFORUM estimates using LIFT model simulation.

Cumulative % Change from Actual

Sectors


� Inforum is the trade name for the Interindustry Economic Research Fund, Inc. (IERF), a not-for-profit economic research corporation that specializes in economic policy research, economic forecasting, and constructing tools for economic analysis.





� Note that a low natural gas price that is 60 percent of the high natural gas price implies a price that is 40 percent lower.  On the other hand, the high natural gas price is 65 to 70 percent higher than the low natural gas price.


� Compared to increases in inflation approaching 60 basis points, these increases in interest rates are small.  This subdued behavior reflects the low inflation, low interest rate, and recessionary environment in which the natural gas price spike occurred.


� The LIFT model accounts for substitution of lower cost energy and other factors for natural gas given existing technology.  However, these scenarios do not account for the impact that higher natural gas prices might have on developing new technology that decreases demand or enhances supply.  New technology induced by higher prices can further mitigate the long-term damages to the economy of higher natural gas prices.
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