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Abstract

This study seeks to clarify the oil price-macroeconomy relationship within a small open economy using a computable general equilibrium model for Hawai`i.  Hawai`i is an illustrative example because it is the most relatively oil dependent State in the U.S.  A range of oil prices increases are considered, from 10% to 200%, to determine aggregate and sector-level effects.

The model shows that oil price shocks both decrease real productivity and real wages across sectors.  While induced shifts in consumer demand and a reduction in real visitor expenditures serve to offset inflation, there is nonetheless net inflation throughout.  Oil price increases mean a reduction in real petroleum manufacturing output yet an increase in nominal terms.  This shows the income effect of a price increase dominates the substitution effect away from petroleum products.  Findings are similar for the electricity sector.
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1. Introduction
The U.S. economic recession of the 1970’s coupled with the formation of OPEC and the 1973 oil price increases got economists thinking seriously about the causality between the two events.  Since the 1970’s there have been a series of “oil price shocks” – namely the 1986 collapse in oil prices, and the price increases associated with both Gulf wars in 1990 and the present – giving economists more data points from which to draw out the causal relationships.
There is an expansive literature expounding the complex relationship between increases in oil prices and macroeconomic indicators within oil importing countries, although the literature is heavily dominated by studies of the U.S.  While Hawai`i’s economy is clearly tied to that of the continental U.S., particularly in monetary policy, its economy is significantly different from other U.S. States because of its geographical isolation (meaning higher transport costs for oil) and tourism-dependent economy (an oil-intensive industry).  
Hawai`i’s economy is particularly vulnerable to oil price shocks not only because of its geographic remoteness and tourism-dependent nature, but also because of its technological dependence on oil over other energy sources.  Unlike most States in the continental U.S., Hawai`i uses petroleum not only as a transportation fuel but also for electricity generation.  Nearly 80% of Hawai`i’s electricity demand is met with oil, compared to 3% nationally.  Nearly 90% of Hawai`i’s total energy needs are met by oil, 95% of Hawai`i’s energy needs are met through imported sources (oil and coal), and only 5% is produced locally.  Unlike the continental U.S., where an increase in the world price of oil dually leads to an increase in the price of coal, Hawai`i’s economy does not benefit from this substitution effect as does many States in the continental U.S. who are large coal exporters.  Although Hawai`i does use some amount of coal, that amount is small in comparison to the continental U.S. and is regardless an imported energy source.  See Figure 1 for the break-down of fuel types used as energy sources in Hawai`i and Figure 2 for a break down of fuel types used specifically for electricity generation.
Figure 1. State of Hawai`i Primary Energy Fuel Mix
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Figure 2. United States VS Hawai`i Electricity Composition
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This study investigates the oil price-macroeconomy relationship in Hawai`i by simulating a sudden jump in world oil prices (hereby called “shocks”) that increase the cost of petroleum manufacturing.  Hawai`i’s economy is an excellent case study for CGE modeling because it is truly a small open economy.  Using a CGE model developed in Appendix I, the short-run effects of incremental oil price increases are analyzed in terms of their effects on price levels, overall and sector level productivity, as well as resident welfare.  The model is a short-run model of economic activity in that it holds nominal wages and capital fixed before and after oil price shocks.  Technological advances are not considered (i.e. there is no increase in locally produced energy as a result of the oil price increases which, given the relatively small portion of local energy sources, is an appropriate assumption in the short-run).  Several different shock scenarios and counterfactual equilibrium are compared against a “base” case.  The scenarios are oil price increases of 1) 10%, 2) 50%, 3) 100% and 4) 200%.
  The 10% scenario demonstrates how small price changes can matter.  The 50% and 100% scenarios are run because this magnitude of change has occurred recently.  The 200% scenario replicates a shock proportional to jumping from 1997 oil prices (normalized to 1) to 1975 oil prices (nearly a 200% increase).  A range of oil price increases are examined to better understand the varying income and substitution effects associated with different levels of price increases.
The model finds that oil price increases have negative productivity and inflationary effects as well as serve to reduce real wages across sectors.  These findings support the larger literature on the oil price-macroeconomy relationship.  While oil price shocks lead to net inflationary pressure, both consumer demand shifts and the visitor-dependent nature of Hawai`i’s economy mean that oil price increases are also associated with deflationary effects.  In addition, oil price increases mean a reduction in real petroleum manufacturing output yet an increase in nominal petroleum manufacturing output.  This shows the income effect of a price increase dominates any substitution effect away from petroleum products.  Findings are similar for the electricity sector.

The remainder of this study includes a discussion of the oil price-macroeconomy literature, including how oil prices have been used in CGE modeling and Hawai`i specific case studies; the data and methodology applied in this analysis; a presentation of macroeconomic and sector-level results; and concluding remarks.  

2.  Background & Motivation
Oil Price Shocks and the Macroeconomy

While the literature on oil price increases and its link to macroeconomic performance largely suggest a negative relationship, it is a puzzle far from solved.  A simple timeline analysis of oil price shocks and U.S. recessions shows the complexity of the relationship.  Barsky and Kilian (2004) give an in-depth history of oil price increases and U.S. recessions.  Interestingly, the recessions that started in November 1973 and July 1990 occurred before the oil price increase, the recessions that started in July 1981 and March 2001 occurred during the decline in oil prices after its peak, while the recession of 1980 followed an oil price increase.  While the causality on the surface seems unclear, it is “difficult to maintain that the two phenomena are unrelated” (Barksy & Kilian, 117).  
Since the 1970s, many econometricians have sought to untangle the relationship between oil prices and macroeconomic indicators and although there seems to be general consensus that oil prices cause recessions there is much debate over why?  Hamilton (1983) was seminal in linking oil price increases to U.S. recessions in the pre-OPEC era prior to 1973 (see also Rasche and Tatom, 1981; Darby, 1982; Burbidge and Harrison, 1984; Olson, 1988; and Perron, 1989).  Using vector auto-regression (VAR), Granger-causality tests between oil price changes and real GNP, and testing for other spurious relationships between oil prices and real GNP, Hamilton (1983) finds that oil price shocks contributed to U.S. recessions.  Oil price increases were followed by slower output growth with roughly a year lag (3-4 quarters), albeit a temporary phenomenon (6-7 quarters).  Hamilton (1983) does not suggest that all recessions are oil-related, but rather that oil prices contributed to the timing, magnitude and/or duration of U.S. recessions.  
There has also been substantial research regarding the effect of oil price shocks on other macroeconomic indicators such as inflation and wages.  There is large consensus within the literature that oil price shocks are inflationary (Barsky and Kilian, 2002, 2004).  Coupled with a decline in aggregate output, the inflationary nature of oil price increases leads to a period of stagflation within an economy.  
Contrary to the predictions of standard growth models that suggest output decreases when real wages increase, oil price increases are found to reduce real wages as well as output.  (Bohi, 1989, 1991; Keane and Prasad, 1996).  Keane and Prasad (1996) find that oil price increases reduce real wages in all sectors of the U.S. economy, although the magnitude of change varies by sector.  In addition, increased oil prices mean a relative shift in real wage favoring skilled workers, implying that skilled labor is a better substitute for oil than unskilled labor.  Their findings largely support the idea that labor and oil are net substitutes (meaning there is no income effect, only substitution effect, in their relationship) and not gross substitutes – as being gross substitutes implies that an increase in oil prices would lead to an increase in aggregate labor demand and real wages across sectors.  This means that that elasticity of substitution between energy and labor is less than unity, as represented in the Hawai`i CGE model employed in this study.
Hamilton (1988) takes a closer look at the reasons why oil price increases and subsequent relative price shifts have an aggregate impact on macroeconomic performance.  He argues that a shift in relative prices, including real wages, causes labor to shift amongst sectors.  These shifts are not costless.  The reallocation of labor and the lag in structural adjustment can have real economic impacts.

In the same vein of explanation, Bernanke (1983) argues that firms put-off capital investments (if they are viewed as being irreversible) during periods of uncertainty, including uncertainty caused by fluctuating oil prices, to see whether the change is temporary or permanent.  Barsky and Kilian (2004) discuss that the empirical evidence for such a “waiting” effect is quite small, particularly in looking at car sales in the U.S. around oil price shocks. 
Since the 1970s and with more data on oil price shocks over time, economists have reassessed the oil price-macroeconomy relationship.  Hooker (1996) was among the first to strongly question Hamilton’s (1983) assertion by analyzing a post-1973 dataset.  Hooker demonstrates that, in the post-OPEC era, the linear relationship between oil prices and output proposed by Hamilton (1983) fails to show Granger causality.  Hooker analyzes a non-linear relationship between oil prices and output, suggesting that oil price increases do not necessarily have the opposite effect of oil price decreases, as proposed by Olson (1988) and Mork (1989), and similarly lacks the conclusion of Granger causality.  Olson (1988) argues that oil price decreases can have potentially negative effects on the economy because of structural adjustments costs similar to the arguments put forth by Hamilton (1988) and Bernanke (1983).  Hooker concludes that in the post-OPEC era oil prices no longer affect macroeconomic performance.  Hamilton (1996) rebuts Hooker’s analysis through a further extension of Mork (1989).  Hamilton (1996) argues that his initial assumption of a linear relationship between oil prices and macroeconomic indicators did not contradict his results using the pre-1973 dataset because there simply were few cases of oil price decreases.  He concedes that such an assumption is no longer valid in the post-1973 analysis because fluctuating prices have become a more common phenomenon.  He suggests that individual oil price increases since 1986 were simply corrections to earlier oil price declines and thus normalize the dataset to reflect net oil price increases.
  With this specification, he finds his earlier (1983) assertion strengthened.

Extensions of the literature include analyses using different measurements of oil price shocks and datasets for countries other than the U.S.  Jimenez-Rodriguez and Sanchez (2005) use a VAR model to address the oil price-macroeconomy relationship within OECD countries.  Countries are presumed to react uniquely to oil price fluctuations because of a variety of differences like sector composition and available technology.  Using Hamilton’s (1996) specification of net oil price increases, the authors find similar non-linear relationships between oil prices and real GDP for all countries except Japan.  This result is not robust to changes in lag specification and the authors posit that Japan may be an outlier because of the unique circumstances of its rapidly changing economy.  Cunado and de Gracia (2005) have a similar inquiry for Asian countries (Japan, Singapore, South Korea, Malaysia, Thailand and the Philippines).  The authors use four different measurements of shocks: all oil price changes, only positive oil price changes, Hamilton’s (1996) net oil price increase specification, and scaled oil price increases (introduced by Lee, Ni, & Ratti (1995), focusing on volatility).  They find no long-run relationship between oil price changes and macroeconomic activity and conclude that this relationship is confined to the short-run only (for Japan, South Korea, and Thailand).  This supports Hamilton’s (1983) finding for the U.S. and speaks to the fact that sudden volatility and short-run stickiness matters.  Linear and long-term price increases give producers and consumers time to adapt.  
Hung, Hwang and Peng (2005) contribute to the literature with an analysis of “thresholds” for varying countries’ ability to absorb oil price shocks at a macroeconomic level.   The authors use a multivariate threshold model to estimate the effects of oil price changes on industrial production and real stock returns for the U.S., Canada and Japan from 1970 to 2002.  They define the threshold for an oil price impact to be the percent change in real oil prices beyond which there is an obvious economic impact on production and stock prices.  They conclude that past studies have erroneously assumed that any oil price change with a magnitude greater than zero would have linear economic effects after controlling for net oil price increases or decreases.  They find that the magnitude of change matters as well as differs for every country.  Threshold levels are quite low, ranging from a 2-3% increase in net oil prices.  Threshold variation reflects country-specific characteristics such as being a net oil exporter or importer and sector composition.  
General Equilibrium Modeling and Oil Price Shocks

CGE modeling provides a tractable way of extending the commonly used 2 sector, 2 factor, 2 country (2x2x2) general equilibrium model employed for questions of international trade to an NxNxN model more representative of an actual economy.  These models provide considerable insight into inter-industry supply and demand, factor markets, and consumer demand.  CGE modeling applications have broadened to include addressing questions of energy & greenhouse gas emissions, and more specific inquiries regarding regional economic development.  There is an extensive literature on CGE modeling of energy and environment scenarios, such as the climatic and economic effects of meeting the Kyoto Protocol through trading schemes and carbon taxes.  The study of changing oil prices and its economic effects is implicit in this body of work, although not the immediate focus.  In general, there is a relatively small literature on oil price shocks in a general equilibrium framework.
There is a large energy-CGE literature linking environmental ‘bads’ like greenhouse gas emissions to sector-level economic activity and, specifically, detailed energy technology data.  These models exist both for global and regional economic activity.  One of the most frequently used energy-CGE platforms is GTAP-E.  GTAP-E is an energy-environment dataset stemming from the Global Trade Analysis Project (GTAP).  

There are many applications of the GTAP-E dataset from both global and country-specific perspectives.  For example, Bohringer (2000 & 2004) uses the GTAP-E dataset to look at international emissions trading within the Kyoto Protocol framework.  MacFarland, Reilly, and Herzog (2004) use the database to analyze global energy generation possibility scenarios under carbon taxes versus carbon quotas.    

Thalmann, Vielle, and Viguier (2006) use the database to look at changing world oil prices.  Using a global model based on the GTAP-E database, called GEMINI-E3, Thalmann et al. (2006) ask whether increased world oil prices will lead to a reduction in world greenhouse gas emissions, versus the substitution toward an even dirtier burning fossil fuel like coal.  They use a dynamic CGE model forecasting to the year 2015, where U.S. Energy Information Administration (EIA) oil price forecasts are used to generate price changes amongst fuel types.  As expected, they find positive welfare effects (growing GDP) for net oil-exporting regions like the Middle East and negative welfare effects for net oil-importing regions.  In sum, global welfare decreases.  While there is some shift towards dirty fuel types, there is a net decrease in global greenhouse gas emissions.
Boyd and Doroodian (2003) create a dynamic CGE model of the U.S. economy to analyze the effects of oil price shocks under various assumptions of exogenous technological change.  Boyd and Doroodian (2003) focus on estimating the inflationary effects of oil price shocks in a general equilibrium framework.  Hutchison (1993) suggests that developed nations were better-equipped to absorb oil price shocks in the 1990’s than the 1970’s because they have more technologies that allow for substitution and less energy-intensive production.  As such, Boyd and Doroodian’s (2003) model exogenously includes technological advances in manufacturing, refining, chemical, and service sectors.
  The model takes a U.S.-centric point of view and does not consider global effects (for example, reduced or otherwise changing interaction with trading partners).  

Boyd and Doroodian (2003) analyze three scenarios: 1) an oil shock comparable to that of 1973 under low/regular economic growth and no technological change, 2) the same oil shock combined with regular economic growth and low/medium/high technological advances, and 3) an oil shock combined with low economic growth and substantial technological advances.  The authors find that the U.S. shift away from manufacturing and towards a service-based economy further insulates it from negative economic consequences of oil price shocks because of the decreased cost-share of oil as an input into production.  They conclude that fears of high inflation and economic retardation as a result of an oil price shock are unwarranted.  
Hawai`i and Oil Price Shocks
The theme of Ka`ala Farms Waianae Coast Sustainability Summit in fall 2006, “Lights Out, What Next?,” mirrors many Hawai`i residents concern over energy security.  As an island, the uncertainty of outside events and foreign oil dependence means perceived higher risks associated with fluctuating oil prices.  The Hawai`i Energy Strategy Program (HES)
 calls in 2007 for reducing the State’s dependence on imported oil.  The objectives of the State are based in the perception that reducing oil dependence through increased self-sufficiency and renewable sources will decrease Hawai`i’s vulnerability to oil price shocks as well as keep more dollars within the State.  

Gopalakrishnan, Tian, and Tran (1993) study the impact of oil price shocks on Hawai`i’s economy from 1974 to 1986 using a VAR model.  Their model looks at the effect of changing oil prices on several national variables (interest rates and real GNP) as well as several local variables (local prices, total civilian labor force, and real personal income).  Similar to the larger oil price-macroeconomy literature, Gopalakrishnan et al. (1993) find that initial impacts are more intense and dissipate over time.  On a national level, they find that oil price shocks have negative effects on interest rates and real GNP.  Locally, oil price shocks are found to have an immediate inflationary effect, although this effect lessens considerably over time.  Real personal income similarly decreases rapidly and then normalizes.  An interesting and somewhat counter-intuitive finding is that oil price shocks increase employment, at least initially.  Gopalakrishnan et al. (1993) explain that this result “lies in factor substitution occurring in different sectors of Hawai`i’s economy, leading to the replacement of energy-intensive practices by labor-intensive ones” (Gopalakrishnan et al., 1993, 304).  The shift of Hawai`i’s economy away from agriculture and towards service-related industries may change this result with an updated dataset.  In addition, unlike Boyd and Doroodian’s (2003) finding that U.S. shifts away from manufacturing towards a service economy meant greater insulation from oil price shocks, Hawai`i’s geographically remote nature and tourism dependent economy make service-sectors highly (indirectly) oil-dependent and unlikely to substitute energy with labor.  

Motivation

The econometric literature shows overarching consensus that oil price increases have real negative macroeconomic effects in oil-importing economies, although the reason for these effects are not universally explained.  Many economists make the argument that an increase in the cost of a factor of production should logically result in decreased output.  The conundrum arrives within the empirical evidence in explaining why there is such a significant effect on output when energy is only a small part of the total marginal cost of production (Rotemberg & Woodford, 1996).
  Lee and Ni (2002) create a VAR model of 14 manufacturing and processing industries, showing there are small changes in either supply or demand because of oil price shocks.  They suggest that these industry impacts aggregate to have real overall economic effects.  Taking a general equilibrium approach based in comprehensive sector-level Input-Output data better explains why an oil price shock has a larger effect through an analysis of direct and indirect impacts.  

In addition, the theoretical negative relationship between output and real wages is based on the theory of production and does not take into account consumer demand possibilities associated with a reduction in real wages.  This is place where general equilibrium analysis can add insight into the why of established empirical evidence.  

The econometric framework has paved the way for comprehensive, sector-specific analysis like CGE modeling.  As shown in Boyd and Doroodian (2003), CGE modeling is used to identify these relationships while tangibly managing a detailed sector-level dataset.  

This analysis takes a simple yet illustrative look at the effects of oil price shocks on macroeconomic indicators through a static CGE model.  The nature of a static model means that technological advancements are not considered – the structure of the economy behaves tomorrow as it did today and this, in turn, is a study of the effects of inaction.  While not necessarily “realistic” in capturing a time-dynamic world economy, as shown in Boyd and Doroodian (2003), this analysis provides a perspective on the oil price-macroeconomy relationship that is less distorted by assumptions.  In this model, a one-time shock determines a new equilibrium, including industry, resident and visitor expenditure effects.  
In addition, following Hung et al.’s (2005) observation that all countries or economies react uniquely to oil price shocks, Hawai`i is a particularly interesting case study because, as an island economy where all imported goods are barged or flown long distances and tourism is the largest private sector industry, oil is of crucial importance.  

3. Data & Methodology
Data

The main dataset used to calibrate the model is based on the DBEDT 1997 Hawai`i State Input-Output Study.
  Although detailed information is given within the baseline dataset on 131 sectors, this information is aggregated to a 28-sector version for calibration and reporting purposes.  Summary data are given in Tables 1 and 2 and depicted graphically in a 12-sector aggregation in Figures 4 and 5.  
Table 1. Structure of Output and Production in Hawai`i

	Industry
	Output
	Inter-Industry Demand
	Imports
	Labor Income
	Proprietor Income
	Other Value Added
	Jobs

	Total
	$58.7 bil
	$14.4 bil
	$5.7 bil
	$21.6 bil
	$2.1 bil
	$14.9 bil
	742,231

	Agriculture
	0.67%
	1.31%
	0.46%
	0.66%
	0.44%
	0.58%
	1.30%

	Livestock
	0.48%
	1.03%
	0.83%
	0.33%
	0.84%
	0.31%
	0.91%

	Landscaping services
	0.25%
	0.86%
	0.13%
	0.34%
	0.51%
	0.13%
	0.64%

	Construction and Mining
	6.01%
	2.58%
	11.12%
	5.77%
	11.61%
	1.75%
	4.50%

	Food processing
	1.80%
	1.80%
	4.10%
	0.92%
	0.09%
	0.97%
	0.95%

	Petroleum manufacturing
	2.42%
	5.83%
	19.91%
	0.24%
	0.00%
	0.77%
	0.08%

	Other Manufacturing
	1.61%
	3.11%
	4.84%
	1.23%
	2.07%
	0.66%
	1.40%

	Air transportation
	3.49%
	0.74%
	5.35%
	2.44%
	0.31%
	3.50%
	1.39%

	Trucking
	0.48%
	0.91%
	0.23%
	0.49%
	0.10%
	0.32%
	0.42%

	Automobile rental
	0.67%
	0.31%
	0.55%
	0.29%
	0.06%
	0.82%
	0.36%

	Transit
	0.05%
	0.00%
	0.12%
	0.35%
	0.00%
	-0.53%
	0.20%

	Other Transportation
	1.11%
	1.12%
	2.89%
	0.48%
	1.02%
	0.53%
	0.72%

	Parking lots
	0.19%
	0.15%
	0.23%
	0.11%
	0.03%
	0.14%
	0.21%

	Entertainment
	1.83%
	0.35%
	2.13%
	182%
	2.99%
	1.06%
	3.17%

	Hotels
	5.89%
	0.23%
	3.42%
	5.93%
	1.74%
	5.70%
	5.55%

	Real Estate Rental
	15.06%
	22.25%
	2.29%
	1.60%
	16.86%
	41.05%
	3.58%

	Restaurants
	3.88%
	0.84%
	5.18%
	3.73%
	2.04%
	2.28%
	6.81%

	Electric
	1.99%
	3.87%
	1.94%
	0.81%
	0.00%
	2.97%
	0.33%

	Natural Gas
	0.09%
	0.19%
	0.02%
	0.11%
	0.00%
	0.05%
	0.04%

	Wholesale Trade
	3.31%
	5.44%
	2.85%
	3.47%
	1.27%
	4.13%
	3.12%

	Retail Trade
	7.13%
	3.86%
	5.38%
	7.64%
	8.34%
	6.84%
	11.77%

	Finance and Professional Services
	14.52%
	30.35%
	13.91%
	12.78%
	29.05%
	13.68%
	14.38%

	Private Waste Management
	0.32%
	1.16%
	0.17%
	0.24%
	0.06%
	0.30%
	0.17%

	Education 
	0.81%
	0.20%
	0.09%
	1.42%
	0.72%
	0.15%
	1.94%

	Health services
	6.58%
	0.76%
	5.85%
	8.63%
	11.61%
	1.74%
	7.07%

	Other services
	4.28%
	7.02%
	4.24%
	4.58%
	8.22%
	1.98%
	6.73%

	Water/Sewer
	0.48%
	0.50%
	0.38%
	0.43%
	0.00%
	0.76%
	0.27%

	Other Government
	14.60%
	3.21%
	1.42%
	33.18%
	0.00%
	7.37%
	22.00%


Source:  The Hawaii Input-Output Study, 1997 Benchmark Report, Department of Business, Economic Development, and Tourism, State of Hawai`i, March 2002.

Figure 3.  Proportion of Output
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The petroleum manufacturing sector, highlighted in Table 1 in blue, comprises 2.4% of total State output.  While this may seem relatively small, the value is less insignificant when thought of as an intermediate input, connecting other industries like air transportation (3.5% of output), electricity (2%), other transportation (2%), and services (47%).  As shown in the econometric literature, the cost of share of oil as an input into production is small, and thus it seems difficult to explain evidence of significant negative output effects in relationship to the change in energy prices.  Nonetheless, a general equilibrium approach more transparently shows that an industry that acts as an intermediate input into many sectors (entering into many industry production functions) can have compounding negative macroeconomic effects.  The electric sector is the largest intermediate demander of petroleum manufacturing, consuming 38% of all petroleum manufacturing outputs.

Table 2.  Household and Visitor Expenditures in Hawai`i

	
	Hawai`i Output
	Household Expenditures
	Visitor Expenditures

	Industry
	($ million)
	%
	($ million)
	%
	($ million)
	%

	Total
	67130.17
	100.00%
	25226.09
	100.00%
	10738.95
	100.00%

	Agriculture
	393.94
	0.59%
	56.64
	0.22%
	15.76
	0.15%

	Livestock
	281.70
	0.42%
	74.82
	0.30%
	2.67
	0.02%

	Landscaping services
	147.84
	0.22%
	0.0
	0.00%
	0.0
	0.00%

	Construction and Mining
	3524.30
	5.25%
	
	0.00%
	
	0.00%

	Food processing
	1054.46
	1.57%
	419.50
	1.66%
	52.34
	0.49%

	Petroleum manufacturing
	1419.30
	2.11%
	187.83
	0.74%
	16.33
	0.15%

	Other Manufacturing
	942.65
	1.40%
	75.71
	0.30%
	35.43
	0.33%

	Air transportation
	2044.09
	3.04%
	337.93
	1.34%
	1555.23
	14.48%

	Trucking
	279.04
	0.42%
	97.97
	0.39%
	18.26
	0.17%

	Automobile rental
	393.32
	0.59%
	32.51
	0.13%
	314.82
	2.93%

	Transit
	31.30
	0.05%
	30.90
	0.12%
	0.40
	0.00%

	Other transportation
	651.69
	0.97%
	167.74
	0.67%
	192.45
	1.79%

	Parking lots
	109.45
	0.16%
	77.15
	0.31%
	10.41
	0.10%

	Entertainment
	1074.02
	1.60%
	343.05
	1.36%
	710.66
	6.26%

	Hotels
	3456.35
	5.15%
	169.96
	0.67%
	3247.44
	30.24%

	Real Estate Rental
	9019.32
	13.44%
	5211.37
	20.66%
	239.66
	2.23%

	Restaurants
	2274.74
	3.39%
	1036.52
	4.11%
	1126.17
	10.49%

	Electric
	1169.13
	1.74%
	394.60
	1.56%
	0.0
	0.00%

	Natural Gas
	51.17
	0.08%
	12.84
	0.05%
	0.0
	0.00%

	Wholesale Trade
	1939.03
	2.89%
	686.57
	2.72%
	190.31
	1.77%

	Retail Trade
	4179.50
	6.23%
	2313.47
	9.17%
	1087.66
	10.13%

	Finance and Professional Services
	8518.21
	12.69%
	2838.59
	11.25%
	105.72
	0.98%

	Private Waste Management
	190.40
	0.28%
	5.71
	0.02%
	0.0
	0.00%

	Education 
	477.47
	0.71%
	431.69
	1.71%
	7.04
	0.07%

	Health services
	3859.30
	5.75%
	3780.53
	14.99%
	83.27
	0.78%

	Other services
	2325.98
	3.46%
	967.62
	3.84%
	243.75
	2.27%

	Water/Sewer
	280.28
	0.42%
	182.18
	0.72%
	0.0
	0.00%

	Other Government
	8565.78
	12.76%
	264.92
	1.05%
	45.58
	0.42%

	Imports
	8476.39
	12.63%
	5027.79
	19.93%
	1437.59
	13.39%


Source:  The Hawaii Input-Output Study, 1997 Benchmark Report, Department of Business, Economic Development, and Tourism, State of Hawai`i, March 2002 (updated November 2006).

Figure 4.  Household Versus Visitor Spending ($ 1997 million)
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Hawai`i is a service-driven economy with a large portion of services being tourism related.  Tourism activity is also quite oil-intensive.  For instance, visitor consumption of air transportation is significantly higher than that of residents.  Unlike Boyd and Doroodian’s (2003) conclusion that the U.S.’s shift away from manufacturing toward a service economy means insulation from negative oil price shocks, the assumption behind this result differs for Hawai`i because of its remote geographical nature and large visitor industry.  

Methodology

The model used in this study represents a classical Walrasian system where goods are produced under perfect competition and constant returns to scale using intermediate commodities, imports, labor and capital.  Households supply labor, and final demand is generated by households, visitors, various government entities, and exports.  Hawai`i’s economy is modeled as a small open economy operating in the short-run.  Because technological advances are not considered within this analysis, a short-run view is more appropriate.  This implies fixed nominal wages and a fixed value of capital, overall and between sectors.  Given convexity of the production and expenditure sets, equilibrium prices are calibrated to clear markets where supply equals demand.  Hawai`i producers are modeled as world price takers, including the world price of oil.  The model is estimated using GAMS (General Algebraic Modeling Systems) and the pre-processor MPSGE (Mathematical Programming System for General Equilibrium Analysis).  See Appendix I for more detail on model structure.  
The oil price shock is treated as an outside agent consuming a “tax” on the imported inputs into the petroleum manufacturing industry, driving a wedge between current (base) petroleum import prices and new petroleum import prices.  Because an outside agent consumes the “tax revenue,” the revenue does not generate welfare for any agent within the economy and is thus synonymous with a world price increase.  The shock scenarios analyzed are: 1) 10%, 2) 50%, 3) 100% and 4) 200%.  The 10% scenario demonstrates how small price changes can matter.  The 50% and 100% scenarios are run because this magnitude of change has occurred recently.  The 200% scenario replicates a shock proportional to jumping from 1997 oil prices (normalized to 1) to 1975 oil prices (nearly a tripling in world oil prices).  The oil price shock is the only source of fluctuation creating the new equilibrium.

This modeling technique makes two simplifying assumptions.  First, it assumes that all imports into petroleum manufacturing are crude oil, which is mostly but not entire accurate.  This assumption is made because the proprietary nature of petroleum manufacturing activities as well as the poor data on imports provided within the State of Hawai`i I-O table precludes knowing the true proportion and composition of imports into petroleum manufacturing.  Second, it assumes that all oil products coming into Hawai`i are directed through the petroleum manufacturing industry (versus refined product moving directly to other industries).  It is reasonable to assume that the majority of oil coming into Hawai`i must go through the petroleum manufacturing industry because roughly 85% of the oil coming into Hawai`i is in the form of crude oil.  Most of the finished product coming into Hawai`i is jet fuel.  For detail about the type of oil product coming into Hawai`i and place of origin, see Figure 5. 

Figure 5.  Crude Oil and Refined Product Imports to Hawai`i
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Source: Tantlinger (2005).

4.  Simulation Results
Macro Results

The simulation results support the larger oil price-macroeconomy relationship developed within econometric literature.  
Table 3. Macroeconomic Indicators

	
	Base
	10%
	50%
	100%
	200%

	
	Level
	% Change

	Gross State Product 
($ million)
	$38,615.70
	-0.32%
	-1.35%
	-2.41%
	-4.17%

	Real Gross State Product ($1997 million)
	$38,615.70
	-0.48%
	-2.07%
	-3.69%
	-6.30%

	Hawaii Consumer Price Index (1997 = 100)
	100
	0.16%
	0.73%
	1.32%
	2.28%

	Hawaii Visitor Price Index  (1997 = 100)
	100
	0.47%
	2.09%
	3.79%
	6.59%

	Household Expenditures 

($ million)
	$24,961.96
	-0.31%
	-1.36%
	-2.47%
	-4.34%

	Real Average Household Expenditures ($1997 thousands)
	41.97
	-0.47%
	-2.03%
	-3.59%
	-6.12%

	Real Average Employee Compensation 
($1997 thousand)
	$35.13
	-0.16%
	-0.73%
	-1.30%
	-2.23%

	Labor Force 

(thousands)
	615.55
	-0.29%
	-1.24%
	-2.24%
	-3.91%

	Real Visitor Expenditures 
($1997 million)
	$10,931.00
	-0.42%
	-1.87%
	-3.33%
	-5.65%

	Total Output 

($ million)
	$58,732.50
	-0.14%
	-0.42%
	-0.64%
	-0.95%

	Real Total Output ($1997 million)
	$58,732.50
	-0.30%
	-1.15%
	-1.93%
	-3.16%


Supporting the econometric evidence of the oil price-macroeconomy relationship, increasing oil prices are bad for aggregate productivity.  Real total output and gross state product decline with increased magnitudes of the shock.  In this case the “real” value means 1997 prices held constant and thus changes in output can be thought of in quantity terms (as the price variable drops out).  In addition, the CGE model is able to replicate the findings of Keane and Prasad (1996) that reduced real wages are coupled with reduced output (contrary to partial equilibrium producer theory that industry output and real wages have a negative relationship).  This shows the ability of general equilibrium analysis to explain the conundrum presented in the output-wage-oil price relationship.  In general equilibrium, a reduced real wage means reduced ability of consumers to demand goods, represented through suppressed real average household expenditures, thus supporting reduced industry output.  This effect dominates the effect that reduced real wages also mean the ability to increase sector productivity.
Unlike the finding of Gopalakrishnan et al. (1993), an increase in oil prices leads to increased unemployment within the State.  This could be because of the structural changes in the economy since Gopalakrishnan et al.’s study and also because of the assumption that the shock occurs in the short-run.

The Consumer Price Index (CPI), which represents the composite price of the basket of residential consumer goods (better called the Resident Price Index), is less inflationary than the Visitor Price Index.  This shows how visitor consumption patterns are more oil-intensive than resident consumption patterns, particularly in the consumption of air travel.  

There is an overall inflationary effect shown through the CPI, supporting the econometric literature.  There are, however, competing deflationary effects caused by an increase in world oil prices.  The primary and dominant effect is inflationary, occurring from an exogenous price increase in a factor of production.  A competing deflationary effect is that an increase in world oil prices leads to a reduction in real visitor expenditures.  Visitor expenditures have an inflationary effect within an economy because they act as an exogenous infusion of dollars within the State.  Increased oil prices mean that traveling to and visiting Hawai`i becomes more expensive in real terms (as represented by a rising Visitor Price Index (VPI)) and visitors demand relatively less (as represented by decreasing real visitor expenditures). 
  While this has other welfare impacts, particularly on industry demand, it also has this deflationary aspect.  The second competing effect, stems from consumers (residents and households) shifting demand away from petroleum-intensive sectors (see Table 8 & 9).
  Resident welfare, as represented through real average household expenditures, decreases under all scenarios.  This means that the inflationary effect dominates throughout, as suggested in the econometric literature.  This finding suggests the presence of a “threshold,” as defined by Hung et al. (2005), although the threshold level is probably quite low and better identified through econometric techniques.
Sector Level Results

Table 4 shows output levels in constant 1997 prices for farming, building, petroleum manufacturing, other manufacturing, air transportation, other transportation, entertainment, real estate & rentals, electricity, other utilities, services and government in the “Base” case as well as the “% change from the Base” case for each oil price shock scenario.  
Table 4. Real Output by Sector ($ 1997 million)

	
	Base
	10%
	50%
	100%
	200%

	Industry
	$1997 mil
	% Change

	Farming
	$675.64
	-1.34%
	-5.76%
	-10.07%
	-16.50%

	Building
	$3,672.14
	-0.07%
	-0.33%
	-0.61%
	-1.12%

	Petroleum Manufacturing
	$1,419.30
	-7.33%
	-23.88%
	-34.82%
	-46.99%

	Other Manufacturing
	$1,997.11
	-0.58%
	-2.54%
	-4.55%
	-7.77%

	Air Transportation
	$2,044.09
	-1.16%
	-5.13%
	-9.16%
	-15.52%

	Transportation
	$1,543.53
	-0.50%
	-2.19%
	-3.92%
	-6.74%

	Entertainment
	$1,074.02
	-0.32%
	-1.44%
	-2.65%
	-4.68%

	Real Estate/Rentals
	$8,836.18
	-0.23%
	-1.02%
	-1.86%
	-3.29%

	Electricity
	$1,169.13
	-1.70%
	-7.26%
	-12.68%
	-20.72%

	Other Utilities
	$331.44
	-0.53%
	-2.30%
	-4.14%
	-7.13%

	Services
	$27,404.13
	-0.22%
	-0.97%
	-1.77%
	-3.14%

	Government
	$8,565.78
	-0.15%
	-0.69%
	-1.30%
	-2.41%


As expected, an increase in the world price of oil has the largest affect on the petroleum manufacturing industry (the sector which directly absorbs the shock within the model).   Petroleum manufacturing is an intermediate input into other petroleum-intensive industries, causing considerable indirect decreases in the real value of electricity and air transportation.  Other particularly affected industries include farming, other transportation, and utilities.  Farming is particularly adversely affected because of its’ labor and oil-intensive nature.  Petroleum manufacturing is one of the largest intermediate inputs of the farming sector.  The short-run assumption that nominal wages remain fixed means that the farming sector is adversely hit from its large labor input as well.  

Similar to Boyd and Doroodian (2003), services are found to be much more insolated from oil price shocks than manufacturing.  The manufacturing sector declines by nearly 8% in the 200% shock scenario while services declines around 3%.
Table 5 shows similar results as Table 4 but in nominal terms (meaning that level values in Table 4 are in constant prices and Table 5 in current prices).  
Table 5. Nominal Output by Sector ($ million)

	
	Base
	10%
	50%
	100%
	200%

	Industry
	$ mil
	% Change

	Farming
	$675.64
	-1.03%
	-4.41%
	-7.66%
	-12.42%

	Building
	$3,672.14
	-0.04%
	-0.19%
	-0.34%
	-0.63%

	Petroleum Manufacturing
	$1,419.30
	0.46%
	8.33%
	20.06%
	41.46%

	Other Manufacturing
	$1,997.11
	-0.45%
	-1.96%
	-3.50%
	-5.95%

	Air Transportation
	$2,044.09
	-0.03%
	-0.11%
	-0.16%
	-0.18%

	Transportation
	$1,543.53
	-0.15%
	-0.60%
	-1.02%
	-1.67%

	Entertainment
	$1,074.02
	-0.08%
	-0.34%
	-0.62%
	-1.09%

	Real Estate/Rentals
	$8,836.18
	-0.23%
	-0.97%
	-1.76%
	-3.11%

	Electricity
	$1,169.13
	0.91%
	4.32%
	8.23%
	15.26%

	Other Utilities
	$331.44
	-0.01%
	0.01%
	0.10%
	0.34%

	Services
	$27,404.13
	-0.16%
	-0.69%
	-1.25%
	-2.21%

	Government
	$8,565.78
	-0.13%
	-0.60%
	-1.13%
	-2.10%


While the petroleum manufacturing sector reduces output drastically in real terms (reduced by 47% in the 200% scenario) it also increases output significantly in nominal terms (increased by 41% in the 200% scenario).  This means that the income effect from a change in price dominates the substitution effect.  The reason for this is that there are not any import substitutes within the current technological structure of the economy for petroleum manufacturing.  Lee and Ni (2002) similarly find that oil price shocks lead to reductions in output supply in the petroleum manufacturing industry and not demand.  Farming output, on the other hand, has a large range of substitution possibilities represented in the baseline dataset.  Thus the farming sector is adversely impacted from an increase in oil prices in both real and nominal terms, supply and demand effects.  The positive income or price effect found for the petroleum manufacturing sector is similar for electricity and air transportation.  The air transportation sector still experiences a net loss in nominal terms, but it is quite small in comparison to its loss in real terms. 
Table 6 shows the price of domestic output after the oil price shock.  Because all prices are normalized to 1 in the base year calibration, it is only relative prices that matter.  Prices are shown in the extended 28-sector aggregation of the economy because the vector of prices is crucial to generating equilibrium and it is in this form that equilibrium is solved.
Table 6.  Change in Price of Domestic Output (Base Price = 1)

	Industry
	10%
	50%
	100%
	200%

	Crops
	0.42%
	1.88%
	3.44%
	6.06%

	Animal
	0.44%
	2.02%
	3.71%
	6.59%

	Landscaping services
	0.04%
	0.18%
	0.34%
	0.61%

	Construction and mining
	0.03%
	0.14%
	0.27%
	0.49%

	Food processing
	0.24%
	1.07%
	1.97%
	3.47%

	Petroleum  manufacturing
	8.82%
	42.86%
	84.49%
	166.93%

	Other manufacturing
	0.11%
	0.53%
	0.98%
	1.77%

	Air transportation
	1.15%
	5.32%
	9.97%
	18.23%

	Trucking
	0.48%
	2.21%
	4.10%
	7.38%

	Other transportation
	0.35%
	1.59%
	2.94%
	5.24%

	Automobile rental
	0.40%
	1.84%
	3.41%
	6.11%

	Parking lots
	0.13%
	0.59%
	1.10%
	1.99%

	Transit
	0.37%
	1.72%
	3.19%
	5.76%

	Amusement
	0.25%
	1.14%
	2.12%
	3.82%

	Hotels
	0.14%
	0.65%
	1.22%
	2.23%

	Real estate rental
	0.01%
	0.05%
	0.10%
	0.19%

	Restaurants
	0.12%
	0.54%
	1.00%
	1.81%

	Wholesale trade
	0.12%
	0.55%
	1.01%
	1.81%

	Retail trade
	0.05%
	0.22%
	0.42%
	0.76%

	Finance business professional
	-0.01%
	-0.03%
	-0.04%
	-0.06%

	Education private
	0.04%
	0.20%
	0.38%
	0.69%

	Health services
	0.04%
	0.19%
	0.37%
	0.69%

	Other services
	0.12%
	0.55%
	1.03%
	1.87%

	Electricity
	2.65%
	12.49%
	23.94%
	45.39%

	Natural gas
	2.48%
	11.78%
	22.74%
	43.60%

	Waste management private
	0.34%
	1.56%
	2.89%
	5.19%

	Water sewer
	0.16%
	0.73%
	1.36%
	2.46%

	Other government
	0.02%
	0.09%
	0.17%
	0.31%


The price of petroleum manufacturing throughout the shocks reflects the relative shock levels, accounting for deflationary and other “absorbing” effects.  Because Hawai`i is modeled as a small open economy, the price of imports and exports do not change with the shock.  In reality, the price of imports and exports would rise due to the shock because of rising transportation costs.  Transportation costs are not considered within this model and inclusion of transportation costs would create an additional burden in heavily import-oriented sectors such as petroleum manufacturing, construction, and retail.
Table 7 shows Real Labor Payments by Sector.  

Table 7.  Real Labor Payments by Sector ($ 1997 million)

	
	Base
	10%
	50%
	100%
	200%

	Industry
	$1997 mil
	% Change

	Farming
	$213.76
	-1.37%
	-5.87%
	-10.23%
	-16.71%

	Building
	$1,320.13
	-0.11%
	-0.50%
	-0.93%
	-1.67%

	Petroleum Manufacturing
	$52.00
	-7.25%
	-23.36%
	-34.16%
	-46.36%

	Other Manufacturing
	$464.57
	-0.56%
	-2.45%
	-4.39%
	-7.51%

	Air Transportation
	$526.97
	-1.17%
	-5.13%
	-9.17%
	-15.52%

	Transportation
	$371.09
	-0.50%
	-2.17%
	-3.90%
	-6.71%

	Entertainment
	$392.85
	-0.35%
	-1.57%
	-2.87%
	-5.07%

	Real Estate/Rentals
	$346.47
	-0.25%
	-1.09%
	-1.98%
	-3.50%

	Electricity
	$175.88
	-1.70%
	-7.26%
	-12.68%
	-20.72%

	Other Utilities
	$116.97
	-0.57%
	-2.51%
	-4.51%
	-7.73%

	Services
	$10,470.77
	-0.25%
	-1.10%
	-2.01%
	-3.56%

	Government
	$7,174.78
	-0.15%
	-0.69%
	-1.30%
	-2.41%


Oil price shocks have negative effects on real wages.  This shows general equilibrium’s strength in showing the relationship between not just producers but also consumer interactions in determining economic indicators and levels.  Although workers are made worse-off in all sectors, it is particularly notable in petroleum manufacturing, affecting an estimated 622 employees.    

Table 8 shows shifts in consumer demand by sector as a result of the oil price shocks.
Table 8.  Real Household Demand by Sector ($ 1997 million)

	
	Base
	10%
	50%
	100%
	200%

	Industry
	$1997 mil
	% Change

	Farming
	$122.05
	-0.72%
	-3.16%
	-5.69%
	-9.80%

	Building
	$0.00
	0.0%
	0.0%
	0.0%
	0.0%

	Petroleum Manufacturing
	$187.83
	-8.37%
	-30.89%
	-47.05%
	-64.06%

	Other Manufacturing
	$495.20
	-0.51%
	-2.24%
	-4.05%
	-7.05%

	Air Transportation
	$337.93
	-1.43%
	-6.26%
	-11.16%
	-18.86%

	Transportation
	$406.28
	-0.63%
	-2.81%
	-5.08%
	-8.83%

	Entertainment
	$295.81
	-0.54%
	-2.38%
	-4.33%
	-7.61%

	Real Estate/Rentals
	$5,156.43
	-0.30%
	-1.32%
	-2.41%
	-4.26%

	Electricity
	$394.60
	-2.86%
	-12.23%
	-21.18%
	-34.02%

	Other Utilities
	$195.01
	-0.60%
	-2.62%
	-4.72%
	-8.14%

	Services
	$12,078.11
	-0.34%
	-1.50%
	-2.74%
	-4.85%

	Government
	$264.92
	-0.31%
	-1.36%
	-2.48%
	-4.37%


Due to overall welfare effects that make households less able to consume a basket of goods (because of inflation and reduced real wages), households reduce their demand over all sectors (with the exception of “building,” where there is no direct household consumption).  The industries most affected are petroleum manufacturing and electricity.  The shift away from petroleum-intensive industries is relatively large.  There is a 6% decline in aggregate real household demand, where the real demand of petroleum manufacturing declines by 64%.  While it is most easily described as consumers “substituting” away from petroleum-intensive products, this is not a realistic interpretation of the model.  In reality, consumers find ways of “conserving” in petroleum-intensive sectors, like turning off the lights to reduce the electric bill and traveling to the mainland less frequently.  
Table 9 shows the shift in real visitor demand due to a change in oil prices.  

Table 9.  Real Visitor Demand by Sector ($ 1997 million)

	
	Base
	10%
	50%
	100%
	200%

	Industry
	$1997 mil
	% Change

	Farming
	$18.43
	-0.38%
	-1.72%
	-3.10%
	-5.35%

	Building
	$0.00
	0.0%
	0.0%
	0.0%
	0.0%

	Petroleum Manufacturing
	$208.38
	-8.08%
	-29.90%
	-45.66%
	-62.37%

	Other Manufacturing
	$87.77
	-0.15%
	-0.70%
	-1.29%
	-2.27%

	Air Transportation
	$1,555.23
	-1.11%
	-4.91%
	-8.82%
	-15.04%

	Transportation
	$536.33
	-0.35%
	-1.57%
	-2.86%
	-5.02%

	Entertainment
	$710.66
	-0.21%
	-0.98%
	-1.82%
	-3.26%

	Real Estate/Rentals
	$217.68
	0.02%
	0.10%
	0.16%
	0.25%

	Electricity
	$0.00
	0.0%
	0.0%
	0.0%
	0.0%

	Other Utilities
	$0.00
	0.0%
	0.0%
	0.0%
	0.0%

	Services
	$6,113.34
	-0.08%
	-0.39%
	-0.73%
	-1.34%

	Government
	$45.58
	0.01%
	0.04%
	0.07%
	0.10%


Visitors similarly reduce demand in petroleum manufacturing and air transportation.  There is no direct visitor consumption of building, electricity, and utilities.  Visitors increase spending in real estate/rentals and government.  This finding is driven by the assumption that aggregate nominal visitor expenditures remain constant because it is exogenously given within the dataset.  
In reality, nominal visitor expenditures would probably decline in the face of world oil price increases and this would have additional negative impacts to Hawai`i’s economy.  The magnitude of this decline is unknown and would take considerable inquiry.  For example, Dr. Carl Bonham uses a long-range forecasting model to estimate visitor arrivals in Hawai`i.  He finds that while visitor arrivals to Hawai`i are sensitive to changing world oil prices, the magnitude of change in arrivals is relatively small (see Coffman, Konan & Surles, 2007).  Visitor arrival figures are often used as a proxy for visitor expenditures (see Konan & Kim, 2005), but this approximation has considerable white noise given that visitors could travel on tighter budgets.  A reduction in nominal visitor expenditures has additional adverse effects on Hawai`i’s economy, particularly affecting visitor-related industries.  Visitor related industries dually tend to be petroleum-intensive.  
Conclusions
Oil price shock analysis within Hawai`i’s economy is particularly interesting because 1) Hawai`i is the most relatively oil dependent state in the nation, 2) Hawai`i’s economy is highly dependent on outside visitor expenditures and 3) Hawai`i is a small open economy that is a price-taker in the world market for oil.  The analysis of various oil price shocks leads to several results:
· The oil price-macroeconomy relationship found within the model supports the larger econometric literature that oil price shocks decrease real productivity, decrease real wages across sectors, and are overall inflationary. 
· The model’s ability to show both decreased output and real wages validates the econometric literature and shows how this is really a puzzle of partial equilibrium and well-explained in general equilibrium.
· While oil price shocks lead to inflationary pressure within Hawai`i’s economy, consumer demand shifts and the reduction in real visitor spending means that oil price increases are dually associated with deflationary effects.  This suggests the existence of a “threshold,” or the ability of Hawai`i’s economy to absorb oil price shocks.  The threshold level is probably quite low and better identified using econometric estimation.  This is an area of future inquiry.  
· Oil price increases mean a reduction in real petroleum manufacturing output yet an increase in nominal petroleum manufacturing output.  This shows the income effect of a price increase dominates any substitution effect away from petroleum products.  Findings are similar for the electricity sector.
· The benefit of increased oil prices to the petroleum manufacturing and electric industries (reflected in nominal output increases) suggests these sectors lack market based incentives to switch technologies away from the business of crude oil.

The Hawai`i CGE model produces results that support the oil price-productivity, wage, and inflation relationship, with important implications for economies highly dependent on oil and visitor industries.  Nonetheless, like all models, results must be viewed through a critical lens and with the understanding that models are simplified representations of the world.  The power of the Hawai`i CGE model is in its ability to identify key relationships and is not meant to be a predictive tool.  The Hawai`i CGE model does not accurately predict the impacts of oil price shocks on Hawai`i’s economy, particularly for the petroleum manufacturing industry, for several reasons.  The first is that the Hawai`i CGE model is “frictionless.”  There are no transaction costs and prices adjust instantaneously.
  Price stickiness may actually insolate economies from oil price shocks in the short-run (Rotemberg and Woodford, 1996) and in this way the Hawai`i CGE model could overestimate the real output effects because of perfectly responsive prices.  There are no transaction costs through shifts in factors of production such as labor.  The model is unable to account for Hamilton’s (1988) assertion that labor movements across sectors is not a smooth transition but rather has real and costly implications.  There are also no world-feedback effects such as increased transportation costs of imports and exports, and reduced visitor expenditures. In this way, the Hawai`i CGE model underestimates the real output effects because of costless transactions.  
The Hawai`i CGE model assumes homogeneous products within sectors.  This means that it does not consider the impact of differentiated products within the petroleum manufacturing industry.  For example, the petroleum manufacturing sector sells jet fuel to the airline industry, gasoline to the transportation industry, and residual fuel oil to the electric sector.  The production function of petroleum manufacturing does not in reality smoothly transition from serving the air transportation market to the electricity market but is rather constrained by differentiated products where residual fuel oil is a byproduct of jet fuel production (like a Leontief function for outputs of production).  Understanding the relationship between petroleum-intensive sectors, particularly because the production function of petroleum manufacturing is not smooth or “well-behaved,” is an interesting area of potential future research.
All modeling requires making simplifying assumptions and the Hawai`i CGE model has proven itself to behave in a way consistent with past empirical findings.  In addition, the modeling exercise provides an important insight into the State of Hawai`i policy agenda to diversify its’ energy portfolio.  The model shows that the petroleum manufacturing industry and the electric sector have no imminent market incentive to move away from the use of petroleum in the face of rising prices.  To increase energy security and reduce greenhouse gas emissions, markets for alternative and renewable technologies for electricity and transportation must emerge to compete in the intermediate goods market for energy.  
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Appendix I: Model Structure

Hawai`i is an excellent case study for CGE modeling because it is truly a small, open economy.  Representing a classic Walrasian system, goods are produced under perfect competition and constant returns to scale using intermediate commodities, imports, labor, and capital.  Households supply labor, and final demand is generated by households, visitors, various government entities, and exports.  Given convexity of the production and expenditure sets, equilibrium prices are calibrated to clear markets where supply equals demand.  The model is estimated using GAMS (General Algebraic Modeling Systems) and the pre-processor MPSGE (Mathematical Programming System for General Equilibrium Analysis).
Production
The production portion of the model consists of a nested Leontief production function where intermediate inputs (including imports) and final factors (capital and labor) determine levels of output.  At the first level, a Leontief production function represents final output (Yj) in sector j = 1,.., n as made up of intermediate inputs (Zij) of commodity i, and value added (Vj):  
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where aij, avj are unit input coefficients for intermediates and value added respectively.

Intermediate inputs consist of flexible domestically-produced and importable commodities represented through an Armington constant elasticity of substitution (CES) production nest:  
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where εijm is the CES substitution between domestically-produced good i and imports by producer j.  Dij  is sector i demands by producer j for domestically-produced goods and Mi is the composite import good demand in sector i.  The parameter shares are represented by 
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 and 
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, respectively.

Value added (Vj) in this model consists of capital (Kj), wage labor (Lj), and proprietor income (Rj):
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where σj is the CES among value added variables and 
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, 
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 are the respective parameter shares.
The initial endowment of wage labor, proprietor income, and other value added (
[image: image13.wmf]0

L

,
[image: image14.wmf]0

R

, 
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) are given within the 1997 baseline dataset.  In calibration, the value of the initial endowment of wage labor, proprietor income and other value added must equal the sum of each factor over all j=1,..,n industries (a full employment assumption).  
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The model takes a short-run view of Hawai`i’s economy and thus nominal wages and the value of capital are assumed to be fixed.  A short-run view is thus characterized by changing real wages and potential unemployment in the face of a disruptive shock to the economy.

Output commodity Yj can either be consumed domestically or exported and, under the Armington assumption, is differentiated for those markets using a constant elasticity of transformation (CET) function between domestic (Dj) sales and exports (Xj):  
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where εj is the elasticity of transformation and βDj, βXj  are parameter shares.
It is assumed that producers maximize profits in a competitive market environment, yielding output supply and factor demands for each production sector and each factor market in the model.

Consumption

On the demand side, the model reflects the behavior of Hawai`i residents (r) and visitors (v).  Both residents and visitors follow a utility-maximizing behavior.  The structure of resident versus visitor utility differs, however, because visitors must purchase air transportation before all other commodities consumed while on vacation.

Residents

Hawai`i resident utility is represented through a Cobb-Douglas function.
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Where U is a utility level, 
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 is consumption and 
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 the resident income expenditure share of i= 1,..,n,m (where n are the number of domestically-produced commodities and m is the imported composite good).
Residents flexibly consume both domestically-produced goods (i=1,…,n) and an imported composite good (m).  
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Where 
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 is the Armington CES for residents between domestically-produced good i and imports m.  
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  is sector i demands for domestically-produced goods and 
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 is imported demand. 
A representative resident’s expenditure constraint can be written as:
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where prices pi represent the market prices for imports and commodities i = 1,..n, m respectively.  The resident derives income from factors of production including labor (L), proprietor income (R), and capital (K), where pL, pR, pK are the market price of the respective factors.  The resident pays a lump-sum tax (Tr), net of transfer payments, to the state and local government (and thus household income is not necessarily equal to labor income because of transfers).
  The resident also receives foreign exchange (
[image: image32.wmf]BP

p

fx

) from a balance of payment deficit, described below in equation (18).

Visitors

Hawai`i visitor utility is represented through a nested consumption function where the first level of the nest represents a Leontief consumption function where air transportation (AT: “air transportation”) acts as a perfect complement to all other commodities (NAT: “not air transportation”).
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Where 
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 (visitor consumption) and h is the vector of all commodities (including imports) and excluding air transportation.         

Once visitors have flown to Hawai`i, they consume all other goods (NAT) in a Cobb-Douglas fashion much like residents.
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Visitors also flexibly consume both domestically-produced goods (i=1,…,n) and an imported composite good (m).  
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Where 
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 is the Armington CES for visitors between domestically-produced good i and imports m.  
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  is sector i demands for domestically-produced goods and 
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 is imported demand. 
A representative visitor’s income is taken to be exogenous income (Iv), represented by:
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where Iv0 is the initial visitor expenditure.

Government 
The SAM represents government activity through three branches: the state and local government (SL), the federal military government (FM), and the federal civilian government (FC).  Each government type purchases domestic commodities (
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) and imports (
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) according to a Leontief utility function to assure a constant level of public provision:  
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where g = SL, FM, FC (Leontief function assumption follows from Konan & Kim (2005)).
The state and local government depends entirely on the economy for the tax base:
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where 
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 and 
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 are the price of commodities i=1,..,n  and imports, respectively.  Thus the left-hand side represents the cost of public expenditures.  These expenditures are funding primarily through the State’s general excise tax (
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) on producer output (Yi) of commodity i.
  The state and local government also impose a variety of taxes 
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The market clearing conditions must hold that the cost of public expenditures balances government income.
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Balance of Payments

A balance of external payments (BP) is maintained under the assumption of a fixed (dollar) exchange rate (
[image: image52.wmf]fx
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), where 
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 is the exchange rate with the “rest of the world”.  This assumption is made because Hawai`i uses the U.S. dollar as a means of exchange and, as a small economy, has no effect on the exchange rate.  The quantity of imports (M) are constrained by the inflow of dollars obtained from visitor expenditures (Iv), federal government expenditures (IFM, IFC), and Hawai`i exports (Xj).  Because Hawai`i is a small open economy and thus a price taker, import and export prices are perfectly inelastic.  
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Demand Equals Supply

Constant returns to scale and perfect competition ensure that the producer price (pj) equals the marginal cost of output in each sector j.  In addition, the State and Local Government collects a general excise tax (
[image: image55.wmf]j

t

) on sales.  This implies that the value of total output (supply) equals producer costs, where pL, pK, pR, equal the market price of labor, capital, and proprietor income respectively.  
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In addition, sector j output, which supplied to the domestic market (Dj), is demanded by consumers a({r,v}, government agencies g({SL,FC,FM}, and industries 
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In equilibrium, the value of output balances the value of inter-industry, consumer, and government agencies demand.
























































































































� Within CGE models, prices are normalized to 1.  World crude oil prices in 1997 were about $26/barrel, the level by which the economy is calibrated (� HYPERLINK "http://www.eia.doe.gov/emeu/international/crude2.html" ��http://www.eia.doe.gov/emeu/international/crude2.html�).  


� Measured as the percentage change in oil price over the maximum value of the preceding year if the price of the current month exceeds the previous year’s maximum, and zero otherwise.


� Boyd and Doroodian (2001) similarly analyze oil shocks to the U.S. macroeconomy using a dynamic CGE model, but without the presence of technological advancements.  They find short-run impacts to productivity are much more significant than long-term effects.


� HES Program initiated in 1992 by the Hawai`i State Department of Business, Economic Development and Tourism (DBEDT).


� Rotemberg and Woodford (1996) explain this phenomenon through the presence of imperfect competition in the energy sector.  


� Although an updated 2002 table exists, I chose not to use this dataset for the purposes of extending the analysis for energy industry scenarios.  The 2002 I-O table is much less in-depth (with only 67 sectors) and energy industries, namely petroleum manufacturing and the electric sector, are not entirely represented.  Terry Surles and Milton Staackman, energy experts from the Hawai`i Natural Energy Institute (HNEI), confirmed that demand for petroleum is much more comprehensively shown within the 1997 I-O table.  More generally, the September 11th attacks on the World Trade Center greatly affected Hawai`i’s economy, mainly in its direct impact through tourism industries and thus Hawai`i’s economy in 2002 is somewhat of an anomaly and not ideal for baseline calibration.


� Like Boyd and Doroodian (2003), the model presented does not consider global effects.  To check the robustness of my result, however, I also consider that world oil price increases could affect visitors overall well-being, including their resources to travel.  As such, I ran a simulation that assuming decreased nominal visitor expenditures in Hawai`i under each oil price scenario, where larger oil price shocks meant less nominal visitor expenditures.  The results reinforce the premise that visitor expenditures are largely inflationary within Hawai`i’s economy and decreased nominal visitor expenditures similarly has deflationary effects, which would further decrease Hawai`i’s CPI.


� With the exception of visitors “shifting away” from air transportation because visitor utility is represented through a Leontief function where air transportation is treated as a complement to all other goods.  This assumption is made to capture the time-component of vacation travel.  


� This finding, coupled with short-run capital ‘stickiness’, supports the conversation and theme of the 2006 Hawai`i Economic Association Annual Conference, “At $65/bbl, Why Not More Change?”


� Although because this is a short-run analysis, capital is held constant and are thus “sticky” through the shock.


� Taxes are not shown in great detail within the 1997 I-O table and thus this model is not intended to be used for issues of detailed public finance questions such as looking at tax-interaction effects.


� Shown in the 1997 I-O table as “indirect taxes” for each commodity.


� Shown in the 1997 I-O table as “indirect taxes” for final demand.





PAGE  
15

[image: image1.emf]Oil

89.1%

 Hydro

0.3%

 Coal

5.6%

 MSW

1.5%

 Solar

1.3%

 Biomass

1.5%

 Geothermal

0.7%

_1237188155.unknown

_1237198853.unknown

_1237199082.unknown

_1237200296.unknown

_1237200723.unknown

_1237200925.unknown

_1237201469.unknown

_1237201417.unknown

_1237200750.unknown

_1237200494.unknown

_1237199145.unknown

_1237199699.unknown

_1237199115.unknown

_1237199020.unknown

_1237199049.unknown

_1237199069.unknown

_1237199040.unknown

_1237198977.unknown

_1237198747.unknown

_1237198792.unknown

_1237198831.unknown

_1237198775.unknown

_1237188353.unknown

_1237198699.unknown

_1237198707.unknown

_1237198422.unknown

_1237188318.unknown

_1173711468.unknown

_1237042940.unknown

_1237044670.unknown

_1237188105.unknown

_1237044643.unknown

_1225883311

_1233318381.unknown

_1233318453.unknown

_1173711495.unknown

_1171305895.unknown

_1173710916.unknown

_1173711046.unknown

_1173708537

_1173710469

_1173708507

_1141920348.unknown

_1151434323.unknown

_1158404559.unknown

_1131246663.unknown

_1141914055.unknown

_1136516484.unknown

_1130969518.unknown

_1131246071.unknown

_1130852049.unknown

