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Mr. Chairman, distinguished members of the Committee, I thank you for your interest in the issues being discussed at this hearing, and I appreciate the invitation to join you this morning.

INTRODUCTION

As you know very well, we have heard a lot over the past decade and a half about the energy sector as a driver of climate change:  the reason for a large share of the carbon emissions that are a cause of climate change.  But we have heard very little about the energy sector as a target of impacts of climate change.  The fact is that energy production and use in the United States and the world are going to be affected by climate change, and our objectives of assuring the reliability, affordability, and security of energy services for the American population depend partly on recognizing possible risks and vulnerabilities and taking actions to reduce those risks and vulnerabilities.

In the summer of 2005, as one element of producing 21 summaries of what we know and don’t know about issues for climate change science, the nation’s Climate Change Science Program (or CCSP) commissioned the first comprehensive assessment of these climate change risks for the energy sector in the U.S.  I had the honor of leading the team that prepared it, under the auspices of DOE’s Office of Science, along with serving as Coordinating Lead Author for the chapter of the recent IPCC Fourth Assessment report that dealt with energy sector impact issues, also supported by DOE.  The CCSP report was completed last fall (see http://www.climatescience.gov/), and I briefed the Senate and House staffs about its conclusions last October.  

What I would like to do, to serve as a foundation for the other testimony to come, is to summarize what this assessment found out about effects of climate change on energy production and use in the United States, including but not limited to energy infrastructures in vulnerable coastal regions.   Before I move on to that, let me observe that our knowledge about impacts of climate change on energy production and use is limited by the fact that this topic has not been the focus of very much research to date, beyond a few issues such as effects of warming on energy use in buildings; so what I will say is only a beginning.  But I think it does point us toward some issues that need further attention as a basis for our risk management strategies.

The CCSP energy sector impact assessment has been labeled Synthesis and Assessment Product (SAP) 4.5; it was charged with answering three questions as best we could with currently available knowledge:

- How might climate change affect energy consumption in the United States?

- How might climate change affect energy production and supply in the United States?

- How might climate change have other effects that indirectly shape energy production and use in the United States?

Here is a summary of the answers to those questions, paying particular attention to issues for coastal infrastructures:

EFFECTS ON ENERGY CONSUMPTION AND USE

About effects on energy consumption and use, it is clear that warming will reduce total U.S. heating requirements and increase U.S. cooling requirements for buildings.  The research done so far indicates that the demand for cooling will rise 5 to 20% for each one degree Centigrade of average warming.  The demand for warming will drop 3 to 15% for each degree of warming.  The ranges reflect different assumptions about such things as the rate of market penetration of improved energy-use technologies. 

Overall, because we use more energy for heating than for cooling in the U.S., the two effects roughly cancel each other out in terms of total energy requirements at a national scale, but this hides an important effect.  Because nearly all of our cooling is supplied by electricity, while our warming comes from a combination of natural gas, fuel oil, and electricity, the warming associated with climate change will increase demands for electricity, especially in areas with a lot of demand for cooling and areas which have not historically done a lot of space cooling.  

Other effects of climate change on energy consumption, for instance for water pumping or for fuel in vehicles doing more interior cooling, are less clear, because that research has not yet been done.  

Obviously, in coastal areas of the U.S. Southeast, the projected increase in needs for electricity is an infrastructure issue.  Recall that the first U.S. national assessment of climate change impacts, published in 2001 and based on relatively modest estimates of possible climate change, projected an increase in the July heat index in the Southeast by the year 2100 of between 8 and more than 20 degrees Fahrenheit.  The increase in coastal areas would be less than the regional average, because of the moderating effect of the seas; but energy costs for comfortable living can be expected to increase and, combined with such other factors as greater discomfort in summer outdoor activities, higher risks of severe storms, and higher costs for private property insurance, could add stress to coastal economies and societies.

EFFECTS ON ENERGY PRODUCTION AND SUPPLY

About effects of climate change on energy production and supply, the knowledge base is more limited, and – except for Alaska, where impacts are already being observed – our conclusions are based mainly on extrapolations from recent experience with climate variability, combined with relatively high-confidence projections of temperature and precipitation associated with climate change.

Aside from Alaska, the main concerns are with:

(1) increased exposure to severe weather events, especially in storm-prone coastal areas, along with possible long-term effects of sea-level rise that could have consequences for facility siting, and

(2) reduced water supplies for hydroelectric power and/or thermal power plant cooling in regions that become drier or that depend on diminished mountain snowfall for surface water supplies

Another effect of some concern is that, with warmer air and water temperatures, the overall efficiencies of thermoelectric power plants (fossil and nuclear) will be reduced.  Although the percentage change for a particular power plant might be small, the aggregate impact could be significant:  note that a one percent reduction in power generation nationally would mean a need to supply 25 billion kWh of additional electricity each year.

Electricity transmission and distribution systems may also be affected by climate change, both in terms of the total demands for power movement (see above) and effects of weather on their reliability.  The most familiar example is effects of severe weather events on power lines (e.g., from ice storms or tornadoes as well as hurricanes), but in the summer heat wave of 2006 electric power transformers failed in several areas, such as St. Louis and Queens, NY, due to high temperatures, causing interruptions of electric power supply.

Finally, climate change could have effects on renewable energy alternatives other than hydropower, such as biomass energy, windpower, and solar energy.  Currently available research does not tell us enough to draw firm conclusions about this topic, but it is important for us to improve the information available for energy decision-making in this regard.

INDIRECT EFFECTS ON ENERGY PRODUCTION AND USE

The issue of possible indirect effects on energy production and use is an interesting one.   It includes both impacts of climate change on other systems and infrastructures that in turn relate to energy demands, such as transportation and agriculture, and also impacts of climate change policy responses on energy systems and infrastructures.  As you are acutely aware, some of these connections – such as possible effects on energy institutions, energy prices, and regional comparative advantage – are both politically charged and lacking in objective research; and SAP 4.5 does little more than note the questions.  But the possibility of impacts, especially of climate change policies, is an issue that we need to keep in mind.  Certainly, some of our energy institutions think that impacts on them of climate change policies could well be greater than impacts of climate change itself.

MAIN CONCLUSIONS

Based on the knowledge available to us when we put SAP 4.5 together, we came up with four main conclusions about effects of climate change on energy production and use in the United States:

First, there is a range of impact concerns, which vary by energy source and region, but the general picture at this point is one of caution rather than alarm.  Aside from Alaska, the main risks and vulnerabilities have to do with severe storms, especially in the Southeastern US, and water availability, an issue in most parts of the country but most directly for parts of the West that depend on winter snowfall in the mountains for spring and summer surface water supply.

Second, with climate change effects likely to emerge over a period of some decades, we have time to consider strategies for adaptation to reduce risks of negative effects and take advantage of possible positive effects.  The energy sector in this country is accustomed to change, including attention to weather variables, and it has both the fiscal resources and the management skills to incorporate climate change as an aspect of uncertainty in its longer-term strategic planning and investment.  Potentials for adaptation are considerable.

Third, we need to pay particular attention to regional implications of energy sector impacts, and I will conclude with a summary of implications for the coastal regions of the U.S.

Finally, we simply need to know more abut these kinds of things than we know now, working through a rich collaboration among government, industry, NGOs, and academia.  As with most other areas of interest in climate change impacts and adaptation potentials, we know too little at present to do more than sketch out a general picture of risks and vulnerabilities, when investment behavior needs better information than that.  For example, we need to know more about potentials for power plant cooling approaches that are less water-dependent, on technology improvements for affordable space cooling, and approaches for increasing the resilience of coastal and offshore oil and gas production systems to extreme weather events.

SUMMARY OF IMPLICATIONS FOR CRITICAL ENERGY INFRASTRUCTURES IN COASTAL REGIONS OF THE UNITED STATES

Regarding what SAP 4.5 has to say about projected impacts of climate change on critical energy infrastructures in coastal regions in the United States, here is a very brief summary:

Coastal Southeast:  intensification of severe weather events, threatening the reliability and security of critical oil, gas, and electricity infrastructures both onshore and offshore; significantly increased demands for electricity for cooling; possibly occasional seasonal water shortages for power plant cooling for facilities using freshwater systems inland.

Coastal Northeast:  vulnerabilities to flooding from severe weather events, nor’easters as well as hurricanes; increased demands for electricity for cooling, along with space heating savings; increased demands for air-conditioning.

West Coast:  decreased freshwater availability from spring and summer snowmelt, increasing competition for scarce water between energy and other uses, possibly affecting electricity availability for coastal development.

Alaska:  effects on energy infrastructures of thawing permafrost; effects on oil and gas exploration and production (possibly positive); effects of polar ice cap melting on energy transport, especially from North Slope development.

This concludes my testimony this morning.  Thank you, Mr. Chairman

