
HABIT FORMATION OF RESOURCE USE AND TECHNOLOGICAL CHANGE
Akira Maeda, The University of Tokyo, +81 3 5465 7740, maeda@global.c.u-tokyo.ac.jp
Makiko Nagaya, Kyoto University, +81 75 753 3400, makiko.nagaya@e03.mbox.media.kyoto-u.ac.jp
Overview

Scarcity rents for exhaustible resources increase at the rate of interest. This is well-known Hotelling’s rule. Although there are a lot of variations that derive similar rules, the implication remains the same. The dynamics of exhaustible resource use is driven by interest rates. Then, we face a question: in what way are these interest rates determined? This question has never been answered in the framework of Hotelling and his successors.

Unlike in resource economics, debates on interest rates and time preference have been intense in other fields of economics. In particular, in welfare economics, specifying discount factors falls in moral philosophy (e.g., Arrow and Kurz, 1970). Recent studies on this line include those on hyperbolic discounting and its relatives (e.g., Weitzman, 2001).

In macroeconomic theory, many studies have been done on models in which time preference depends on endogenous economic variables. Among those, habit formation models in which a history of consumption determines time preference are popular in these days (e.g., Obstfeld, 1990). A classical one in this category includes the Uzawa-Epstein time preference (Uzawa, 1968; Epstein and Hynes, 1983; Epstein, 1987).

This study re-examines a classical topic of exhaustible resource use on the basis of recent development of models of time preference and discount factors. As a continuation of Maeda and Nagaya (2010), it analyzes the effects of endogenous time preference on dynamic properties of resource use, contrasting to classical Hotelling’s results. 
Methods

We developed an analytical model that incorporates endogenous time preference into the decision framework of resource consumption. The model structure is the following:
- Cake-eating economy,

- Availability of a backstop technology, and

- the Uzawa-Epstein formulation of time preference.
We examine the model analytically. To confirm results, we also consider numerical examples. 
The paper is organized as follows: Section 2 develops the analytical model. Section 3 analyzes its dynamic properties. Section 4 addresses main results regarding optimal timing of switch from exhaustible resource use to backstop technology. Section 5 concludes the discussion.
Results

We investigated a classical model of the optimal use of exhaustible resource with the availability of backstop technology. The new ingredient added to our model here is endogenous time preference that is determined by the history of resource consumption. The dependence of time preference on consumption is interpreted as a form of habit formation, and is known as the Uzawa-Epstein formulation. Investigating the optimal trajectory of the exhaustible resource consumption, we found that the reciprocal of the intertemporal elasticity of substitution (() for the instantaneous utility plays a significant role in indentifying the shapes of the trajectories: When 1<( (0<(<1), the consumption of the exhaustible resource at each time is declining (growing, resp.) in time t. This affects the property of the time to switch from the exhaustible resource use to the utilization of backstop technology.

Our main results regarding the time of switch are addressed as three propositions. Proposition 1 showed that the increase in initial exhaustible resource stock leads to the delay of the time of switch. The result is consistent to our intuition as well as the indication of the classical Hotelling’s rule. Proposition 2 showed that the increase in the price of backstop technology leads to the delay of the time of switch. This result is also consistent to our intuition. 

Indication of Proposition 3 is novel in that the increase in the time preference coefficient, (, influences the time of switch in two directions, depending on the value of the reciprocal of intertemporal elasticity of substitution, (: The increase in ( leads to an incentive for consuming the exhaustible resource slower (faster) and switching to the backstop technology later (earlier, resp.) as much as possible in the case of 0<(<1 (1<(, resp.). These results are also confirmed by numerical analysis. 
Conclusions
The effects of time preference and discounting factors on the properties of the economic dynamics have been a central issue in economic policy debates, in particular, in policies for climate change. Recently, the study report by Stern (2007), known as the “Stern Review,” suggested that a prompt action for climate change is needed. The report created strong pros and cons in not only the policy arena but also the academia. One of the most debatable issues was the treatment of discount factors: Nordhaus (2007), for example, criticized the Review, stating that the Review was assuming very low discount rates, and that the setting helps to explain most parts of its unusual conclusions. We expect that the results obtained in this paper contribute not only to the literature of pure economic theory, but also to such recent climate policy debates on discounting factors.
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