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Abstract  This study investigates the relationship between investment and uncertainty for a panel of U.S. firms operating in oil and gas industry with a new approach with respect to the previous literature.. We decompose oil price volatility to be driven by structural shocks that are recognized in oil market literature, over and above other determinants, to study whether investment-uncertainty relationship depends on the drivers of uncertainty. Our findings suggest that oil market uncertainty lowers investment only when it is caused by global consumption demand shocks. Stock market uncertainty is found to have a negative effect on investment with a year of delay. No positive relation between irreversible investment and uncertainty is found, while a positive relation exists for reversible investment.
Abstract Questo studio analizza la relazione tra investimento e incertezza in un panel di imprese U.S. operanti nell’industria del petrolio e del gas naturale con un nuovo approccio rispetto alla letteratura precedente. La volatilità del prezzo del petrolio viene modellata in funzione di shock strutturali specifici del mercato del petrolio, per verificare se la relazione investimento-incertezza dipende da tali shocks. I risultati suggeriscono che l’incertezza sul mercato del petrolio riduce gli investimenti solo se è causata da shock alla domanda globale. L’incertezza sul mercato azionario ha un effetto negativo sugli investimenti ritardato di un anno. La relazione tra investimento irreversibile e incertezza non è positiva, mentre positivo è il legame con gli investimenti reversibili. 
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1 Introduction
The aim of this paper is to analyze the relationship between uncertainty and investment in oil and gas industry, taking into account the underlying factors that drive  oil price changes, along with other factors represented in the literature as determinants of firm investment. Stock market volatility is also incorporated to the analysis to control for the effects of stock market uncertainty, which is an additional source of uncertainty affecting firms' investment decision.

A Structural Vector Autoregressive with time-varying conditional variances (SVAR-GARCH) model is employed to describe the global market for crude oil and the stock market. Our SVAR-GARCH model identifies five structural shocks, namely oil supply shocks, global demand shocks, speculative demand shocks, other oil market-specific shocks and stock market shocks. Accordingly, we measure uncertainty by estimating time varying volatilities of each structural shock. We then feed the (annualized) estimated volatility series into a Tobin's Q model of investment, which relates investment of a firm to it's stock market valuation, measured as the ratio of the market value of a firm to the replacement value of its assets (the Tobin's Q), and captures the firm's opportunity cost of capital investment.

The advantage of our approach is that it accounts for two different sources of uncertainty affecting firm's investment: uncertainty brought about by the oil market and uncertainty related to the stock market.  Our framework relates the U.S. stock returns to the global crude oil market, within  our SVAR-GARCH model. Consequently, stock market uncertainty is measured by the volatility of aggregate stock market return shocks which are uncorrelated with oil market-related shocks.
2 Data

Our data is an unbalanced panel of U.S. oil and gas companies for the period 1976 to 2016, drawn from COMPUSTAT. It includes the following annual variables: market value of equity, long term debt, total assets, capital expenditure, short term liabilities, short term assets, income before extraordinary items and depreciation and amortization. Firm investment is proxies by capital expenditure on property, plant and equipment.

Following the literature, Tobin's Q is measured as the sum of market value and long-term debt divided by lagged total assets.

Global oil market variables include global crude oil production, a measure for global trade that captures the global (consumption) demand for oil and other industrial commodities, real price and above ground inventory of oil, which are all available in monthly frequency. Data on global oil production is from the Monthly Energy Review of the Energy Information Administration (EIA). The real price of oil, proxies by U.S. refiners' acquisition cost for imported crude oil, is also available in EIA. The global oil inventory data are constructed by scaling data for total US oil inventories by the ratio of OECD petroleum stocks over US petroleum stocks, that are available in EIA.

The U.S. aggregate stock market return is obtained from the Center for Research in Security Prices (CRSP).
3 Methodology

Our empirical methodology is a two-step procedure. First, we estimate the volatility series of the oil market related and stock market shocks in a SVAR-GARCH framework. Since the firm level data are annual, volatility series are annualized such that each annual volatility is the average of the monthly volatilities. Second, an augmented Q model of investment is estimated using firm level data and annualized volatility series.

3.1 Uncertainty Measures
Our baseline SVAR specification includes stock market returns to account for the effects of stock market uncertainty on the firm-level investment. The advantage of this approach is that we can identify the stock market shocks from which the effects of oil market shocks are excluded. Moreover, our SVAR model is estimated under the assumption that the structural shocks have time varying volatility.

The matrix of short-run restrictions is:
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The identifying restrictions are based on the following assumptions. First, within a month, changes in global oil production do not respond to different oil demand shocks. This assumption is due to the fact that adjustment in oil production plan is very costly. Second, when the increase in oil price is caused by speculative demand or other oil market shocks, it affects global real economic activity at least with one month of delay. Third, the real price of oil responses to oil supply shock, consumption demand and speculative demand shocks and other oil market shocks will affect the price of oil with at least one month delay. Fourth, oil market variables are all predetermined with respect to stock market returns, while stock market return is affected by different shocks to the price of oil.
3.2 Investment Model

The effects of uncertainty on firm-level investment are estimated using the following augmented Tobin's Q model (Tobin (1969)):
	[image: image2.emf]
	(2)


where Xt is a vector of variables containing σsupply, σdemand, σspec, σother and σstock.

This  model is estimated on a panel of 985 U.S. firms in oil and gas industry over a period of 41 years, using two methods, namely panel estimation with firm fixed effect, and the two-step System Generalized Method of Moments (SGMM) proposed by Blundell and Bond (1998).

4 Results

The results of estimating the investment model (2) are reported in Table 1:
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The investment-uncertainty relationship depends greatly on the causes behind uncertainty. When uncertainty is driven by shocks to oil supply, speculative demand or other oil market specific demands, there is no significant relationship between investment and uncertainty. On the contrary, when uncertainty is brought about by global (consumption) demand shocks, it significantly lowers investment.

 Stock market uncertainty is found to negatively affect investment decisions in oil and gas industry with one year lag, but the concurrent effect is positive. This result could be due to diversified firm investment in their non oil sectors where their investment is at least partially reversible (See Lamont (1997) for further discussion).

However, the negative response of investment to uncertainty raised by oil market is dampened over time. The effects of lagged oil price uncertainty caused by global demand shock are insignificantly positive in three out of four specifications. The temporary significant effect suggests that any change in uncertainty is taken by oil companies as being transitory. However the results indicate that there is no significant positive relationship between uncertainty and investment in oil and gas industry. This is in line with the option theory of investment and that the irreversibility effect of increased uncertainty dominates the traditional convexity effect.

The sign and significance of the coefficient for the lagged investment capital ratio are not conclusive.

Lagged Q positively impacts current investment but no significant relation is found between current Q measure and investment.

The findings of this paper is in line with the previous literature that Q is not a sufficient statistic to explain investment. Consistent with option theory of investment, we found that there is an important role for uncertainty in investment decisions of firms.
5 Conclusions

The results show that the impact of oil market uncertainty on investment greatly depends on the causes behind uncertainty. When uncertainty in is derived by shocks to oil supply, speculative demand or other oil market specific demands, there is no significant impact on firms' investment decisions. If oil price uncertainty is driven by global (consumption) demand shock, investment responds negatively to oil price uncertainty. Therefore, the consumption demand component of oil price is found the main oil market variable affecting investment in this industry.

Stock market uncertainty has a positive and significant impact on the firms' investment decisions. But the effect becomes negative for the lagged stock market uncertainty. We interpret this observation by assuming that firms increase their diversified investment in non oil sectors where the investment is not sunk when they face increased stock market uncertainty.

The findings of this paper show no significant positive relationship between uncertainty and irreversible investment in oil and gas industry.

The findings is in line with the literature that Tobin's Q is not a sufficient factor to explain investment behavior of firms and there is an important role for uncertainty in investment decision making process of firms. This result is consistent with the option theory of investment.
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