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Overview

At the Copenhagen climate negotiations in 2009, China pledged to reduce national carbon intensity by 40-45% by 2020 relative to 2005 levels (Xinhua Net, 2009). The Chinese government is considering two potential policy approaches for managing national energy consumption (and associated carbon emissions) in future Five-Year Plans: an energy intensity target and an energy cap (China State Council, 2011). Responsibility for meeting China’s national energy targets is allocated among the nation’s provinces. Many indices have been discussed and proposed for the determination of targets, e.g. GDP, population, energy consumption, energy production, and industry output share, among others (Wei, Ni, & Du, 2012; Yi, Zou, Guo, Wang, & Wei, 2011). In this paper, we aim to fill a gap in the literature and analyze the impact of one potentially important factor that could affect energy policy design: interprovincial migration. Total interprovincial migration flows in China reached 60 million between 2006 and 2010, and probably will remain at a relatively high level. Beijing, for example, had a resident population of 15.38 million in 2005 which reached 19.62 million in 2010 and 20.69 million in 2012. The policy is usually designed five years ahead of time, so if the policy is assigned to provinces without considering migration, its effective stringency might be very different from what was intended. Which policy is more robust in the face of uncertainty regarding future migration?  

Migration, economic activity, and energy consumption are strongly linked. Through its impact on the location and availability of labor, migration will have direct impact on provincial economic output and energy consumption. Migration can also indirectly affect these outcomes by changing the share of labor relative to other primary factors, affecting sectors differently and thus changing the economic structure. Migration may even exacerbate regional imbalances in economic development and energy production—coastal provinces are economically prosperous but lack resources, while central and west regions are rich in resources but lag in economic development. Eastward migration would place new stresses on local energy supplies and create bottlenecks affecting energy supply networks, such as electricity transmission and natural gas delivery.  To capture sub-national heterogeneity in migration, energy infrastructure, and economic development, we use a top-down multiregional energy economic model to study the interaction between migration and energy policy outcomes.
Methods

We estimate net future provincial migration in an econometric model based on the gravity approach (Zipf, 1946) using panel migration data from the National Bureau of Statistics (NBS). Migration forecasts from this model are integrated within the China Regional Energy Model (C-REM), a multi-commodity, multi-region dynamic numerical general equilibrium model of the world economy with sub-national detail for China (Zhang et al., 2012). C-REM was developed through the Tsinghua-MIT China Energy and Climate Project, a collaboration between the Institute for Energy, Environment, and Economy at Tsinghua University and the MIT Joint Program on the Science and Policy of Global Change. Both models are run iteratively in order to capture the interactions between cross-province wage differentials, migration, GDP growth and energy consumption. The combined model is then used to evaluate the performance of policies with and without migration. 
Results

The econometric analysis shows that past migration as well as population and GDP per capita changes in both the immigration and emmigration regions strongly influence future migration flows. We then use population and per-capita GDP forecasts from the general equilibrium model to predict net migration from 2010 to 2020. Results suggest that migration will reach a peak of 100 million in 2011-2015 and then begin to decline thereafter.

Migration evens out wage differentials in the labor market across provinces. National GDP is found to be 2% higher than compared to a “no migration” counterfactual. Individual provinces also see significant increases in value added and energy consumption—in Shanghai, GDP increases by 17% and energy consumption increases by 14%.  We find that migration singificantly affects the “actual” or “effective” stringency of the energy cap, although differences across regions may be large. For example, Shanghai province, a 20% cap (without considering migration) actually translates into a 29% cap once migration is considered. Migration also interacts with energy- (or equivalently-set carbon-) intensity policies. It increases GDP more rapidly than energy consumption. Energy lags GDP impact because energy resources are located in the middle and west, which are mainly out-migration provinces. The resources cannot move together with people, so migrants will leave the energy intensive industries behind them. For example, in Anhui, outward migration results in a 14% decrease in GDP but only a 5% decrease in energy consumption, so the energy intensity of Anhui increases. On the other hand, Shanghai is forecast to experience an energy intensity increase of 6% without migration, but of only 3% with migration. Therefore, provinces experiencing in-migration will find it easier to achieve their energy intensity goals, but harder to meet an energy cap. The opposite is true for provinces experiencing outward migration. We then test the impact of an energy cap and energy intensity target (of equivalent stringency) with and without migration, with policy scenarios based on the provincial targets allocated in the Twelfth Five-Year Plan, which do not include provisions for emissions trading. 

We analyze how migration changes the provincial GDP, energy consumption and welfare loss predicted under the assigned policy target (which are assumed to be set without considering migration). We find that under an energy cap, migration affects welfare loss to a greater extent than under an energy intensity target. At the same time, the GDP is lower and energy consumption is higher compared to an energy intensity target, which suggests that an energy intensity target may be preferred. There are primary three reasons for this result: First, net out-migration provinces usually have a higher energy intensity, which is mainly due to the larger proportion of energy intensive industries as well as low energy efficiency. These provinces have more abundant opportunities to reduce the energy intensity by upgrading technology. Given these opportunities to improve efficiency, industries in these areas will benefit, raising provincial GDP. Second, Net in-migration provinces are in general richer than middle and west. Tough targets will promote relocation of their heavy industries to the out-migration provincies, which reduce energy intensity locally but put upward pressure on energy intensity elsewhere. This explains why tougher policy in net in-mgiration provinces will result in higher overall energy consumption. Third, when we examine the welfare loss in detail, we found that under an energy cap, the welfare loss across provinces is more variable compared to an energy intensity target, which means the energy intensity target policy is more robust to the potential impact of migration.
Conclusions

Net migration of China is very large and will stay at a high level for some years, but will not increase forever because wage differentials in the labor markets will eventually disappear. Nevertheless, in the near term we show that it is important to consider how migration patterns will interact with energy policy. Our analysis considers both energy cap and energy intensity policies in the context of China’s expected migration through 2020. We find that the impact of both policies can be significantly affected by interprovincial migration if it is ignored or misestimated in their design. Under an energy cap policy, the cost of policy is borne disproportionately by provinces experiencing net in-migration, while under an energy intensity policy, the policy cost is borne disproportionately by provinces experiencing net out-migration. Comparing the two policies, results show the energy-intensity target to be a more cost-effective tool for reducing China’s total energy use in the face of inter-provincial population flows: net out-migration provinces are on average more energy-intensive, so reductions in energy use are less costly there than in the in-migration provinces. 
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