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Please state your name, address, and occupation.
Richard S.J. Tol.

Apple House, Hamsey Road, Barcombe, BN8 5TG, United Kingdom
Professor of economics

Please describe your educational background and professional
experience.

MSc (econometrics, Vrije Universiteit Amsterdam, 1992)
PhD (economics, Vrije Universiteit Amsterdam, 1997)
1992-2007, researcher, Vrije Universiteit Amsterdam
1998-2008, Adjunct professor, Carnegie Mellon University

2000-2006, Michael Otto Professor of Sustainability and Global Change,
Hamburg University

2005-2006, Visiting professor, Princeton University

2006-2011, Research professor, Economic and Social Research Institute,
Dublin

2010-2011, Adjunct professor, Trinity College, Dublin

2008-, Professor of the economics of climate change, Vrije Universiteit
Amsterdam

2012-, Professor of economics, University of Sussex
| have served on the Intergovernmental Panel on Climate Change (IPCC)

since 1994. | regularly participate in studies of the Energy Modeling Forum,
and | am an editor of Energy Economics. Additional biographical
background is provided in Tol Rebuttal Exhibit 1.

Did you previously submit testimony in this proceeding?

No.

Have you reviewed other pre-filed testimony?

Yes. | reviewed written testimony by Michael Hanemann and Stephen

Polasky.
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Have you prepared a rebuttal report that responds to this pre-filed
testimony?

Yes, | have prepared a report, which is attached as Tol Rebuttal Exhibit 2.
Have you responded to discovery requests in this proceeding?

No.
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Richard S.J. Tol - Biography

Richard S.J. Tol is a Professor of Economics at the University of Sussex and the
Professor of the Economics of Climate Change, Institute for Environmental Studies
and Department of Spatial Economics, Vrije Universiteit, Amsterdam, the
Netherlands. Formerly, he was a Research Professor at the Economic and Social
Research Institute, Dublin, an Adjunct Professor, Department of Economics, Trinity
College, Dublin, the Michael Otto Professor of Sustainability and Global Change at
Hamburg University and an Adjunct Professor, Department of Engineering and
Public Policy, Carnegie Mellon University, Pittsburgh, PA, USA.

He has had visiting appointments at the Canadian Centre for Climate Research,
University of Victoria, British Colombia, at the Centre for Social and Economic
Research on the Global Environment, University College London, and at the
Princeton Environmental Institute and the Department of Economics, Princeton
University.

He received an M.Sc. in econometrics (1992) and a Ph.D. in economics (1997) from
the Vrije Universiteit Amsterdam. He is ranked among the top 200 economists in
the world, and has 170 publications in learned journals (with 108 co-authors), 3
books, 5 major reports, 37 book chapters, and many minor publications.

He specialises in the economics of energy, environment, and climate, and is
interested in integrated assessment modelling. He is an editor for Energy
Economics, and an associate editor of economics the e-journal.

He is advisor and referee of national and international policy and research. He is an
author (contributing, lead, principal and convening) of Working Groups I, Il and 111
of the Intergovernmental Panel on Climate Change, shared winner of the Nobel
Peace Prize for 2007; an author and editor of the UNEP Handbook on Methods for
Climate Change Impact Assessment and Adaptation Strategies; a GTAP Research
Fellow; and a member of the Academia Europaea. He is actively involved in the
European Climate Forum, the European Forum on Integrated Environmental
Assessment, and the Energy Modeling Forum.
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Books

Tol, R.S.J. (2014), Climate Economics: The Economics of Climate, Climate Change, and Climate Policya

, Edward Elgar, Cheltenham. Resource pages#

Hertel, T.W., S. Rose and R.S.J. Tol (eds.) (2009), Economic Analysis of Land Use in Global Climate
Change Policy#, Routledge, London.

Von Storch, H., R.S.J. Tol and G. Floeser (eds.) (2008), Environmental Crises: Science and Policye,

Springer, Berlin, 146 pp.

Downing, T.E., A.A. Olsthoorn and R.S.J. Tol (eds.) (1998), Climate, Change and Risks, Routledge,
London, 407 pp.

Journal articles

Latest working papers#a

2014

Anthoff, D. and R.S.J. Tol (2014) Climate Policy under Fat-Tailed Risk: An Application of FUND#,
Annals of Operations Research, 220 (1), 223-237.

Arrow, K.J., M. Cropper, C. Gollier, B. Groom, G.M. Heal, R. Newell, W.D. Nordhaus, R. Pindyck, W.
Pizer, P. Portney, T. Sterner, R.S.J. Tol and M.L. Weitzman (2014), Should a Declining Discount Rate

be used in Project Analysis#, Review of Environmental Economics and Policy, 8 (2), 145-163.

Calzadilla, A., T. Zhu, K. Rehdanz, R.S.J. Tol and C. Ringler (2014), Climate Change and agriculture:
Impacts and Adaptation Option in South Africas, Water Resources and Economics, 5, 24-48.

Hinkel, J., D. Lincke, A.T. Vafeidis, M. Perrette, R.J. Nicholls, R.S. J. Tol, B. Marzeion, X. Fettweish, C.

lonescu and A. Levermann (2014), Coastal flood damage and adaptation costs under 21st century

sea-level risea, Proceedings of the National Academic of Sciences, 111 (9), 3292-3297.

McDermott, T.K., F. Barry and R.S.J. Tol (2014), Disasters and Development: Natural Disasters, Credit

Constraints and Economic Growtha, Oxford Economic Papers, 66 (4), 750-773.

Tol, R.S.J. (2014), Quantifying the Consensus on Anthropogenic Global Warming in the Literature: A

Re-analysise, Energy Policy, 73, 701-705. Rejoinder#, Energy Policy, 73, 709.

van de Vliert, E. and R.S.J. Tol (2014), Harsh climate promotes harsh governance (except in cold-dry-

wealthy environments)#, Climate Research, 61 (1), 19-28.

2013

Anthoff, D. and R.S.J. Tol (2013), The Uncertainty about the Social Cost of Carbon: A Decomposition
Analysis using FUND#, Climatic Change, 117 (3), 515-530. Erratuma, Climatic Change, 121 (2), 413.
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Arrow, K.J., M. Cropper, C. Gollier, B. Groom, G.M. Heal, R. Newell, W.D. Nordhaus, R. Pindyck, W.
Pizer, P. Portney, T. Sterner, R.S.J. Tol and M.L. Weitzman (2013), Determining benefits and costs for

future qenerations", Science, 341, 349-350.

Callaghan, N. and R.S.J. Tol (2013), UK Tourists, the Great Recession and Irish Tourism Policys,
Economic and Social Review, 44 (1), 103-116.

Calzadilla, A., K. Rehdanz, R. Betts, P. Falloon, A. Wiltshire and R.S.J. Tol (2013), Climate change
impacts on global agricultures, Climatic Change, 120 (1-2), 357-374.

Calzadilla, A., T. Zhu, K. Rehdanz, R.S.J. Tol and C. Ringler (2013), Economywide Impacts of Climate
Change on Agriculture in Sub-Saharan Africaa, Ecological Economics, 93, 150-165.

Conefrey, T., J.D. Fitz Gerald, L. Malaguzzi Valeri and R.S.J. Tol (2013), The Impact of a Carbon Tax
on Economic Growth and Carbon Dioxide Emissions in Ireland#, Journal of Environmental Planning and
Management, 56 (7), 934-952.

Driscoll, A., S. Lyons, F. Mariuzzo and R.S.J. Tol (2013), ‘Simulating Demand for Electric Vehicles
using Revealed Preference Data’, Energy Policy, 62, 686-696.

Estrada Porrua, F., E. Papyrakis and R.S.J. Tol (2013), ‘The Economics of Climate Change in Mexico:
Implications for National/Regional Policy’, Climate Policy, 13 (6), 738-750.

Hinkel, J., R.J. Nicholls, R.S.J. Tol, Z.B. Wang, J.M. Hamilton, G. Boot, A.T. Vafeidis, L. McFadden, A.
Ganopolski, R.J.T. Klein (2013), ‘A global analysis of erosion of sandy beaches and sea-level rise: An
application of DIVA’, Global and Planetary Change, 111, 150-158.

Hwang, I.C., F. Reynes and R.S.J. Tol (2013), ‘Climate Policy under Fat-Tailed Risk: An Application of
DICE’, Environmental and Resource Economics, 56 (3), 415-436.

Hyland, M., A. Jennings and R.S.J. Tol (2013), ‘Trade, Energy and Carbon Dioxide: An Analysis for the
Two Economies of Ireland’, Journal of the Statistical and Social Inquiry Society of Ireland, XLI, 153-
171.

Hyland, M., E. Leahy and R.S.J. Tol (2013), ‘The Potential for Segmentation of the Retail Market for
Electricity in Ireland’, Energy Policy, 61, 349-359.

Llop, M. and R.S.J. Tol (2013), Decomposition of Sectoral Greenhouse Gas Emissions: A Subsystem

Input-Output Model for the Republic of Irelande, Journal of Environmental Planning and Management,
56 (9), 1316-1331.

Lynch, M.T., A. Shortt, R.S.J. Tol and M. O’Malley (2013), ‘Risk-Return Incentives in Liberalized
Electricity Markets’, Energy Economics, 40, 598-608

Lyons, S., E.L.W. Morgenroth and R.S.J. Tol (2013), ‘Estimating the Value of Lost Telecoms
Connectivity’, Electronic Commerce Research and Applications, 12 (1), 40-51.

Moro, M., K. Mayor, S. Lyons and R.S.J. Tol (2013), ‘Does the Housing Market Reflect Cultural
Heritage? A Case Study of Greater Dublin’, Environment and Planning A, 45 (12), 2884-2903.
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Tavoni, M. and R.S.J. Tol (2013), ‘Counting only the Hits — A Rejoinder’, Climatic Change, 121 (2),
139-141.

Tol, R.S.J. (2013), ‘Climate Policy under the Bentham-Rawls Criterion’, Economics Letters, 118 (3),
424-428.

Tol, R.S.J. (2013), ‘The Economic Impact of Climate Change in the 20th and 21st Centuries’, Climatic
Change, 117 (4), 795-808.

Tol, R.S.J. (2013), ‘Low Probability, High Impact: The Implications of a Break-up of China for Carbon
Dioxide Emissions’, Climatic Change Letters, 117 (4), 961-970.

Tol, R.S.J. (2013), ‘Targets for Global Climate Policy: An Overview’, Journal of Economic Dynamics and
Control, 37, 911-928.

Tol, R.S.J. (2013), The Matthew Effect for Cohorts of Economistse, Journal of Informetrics, 7 (2), 522-
527.

Tol, R.S.J. (2013), Identifying Excellent Researchers: A New Approacha, Journal of Informetrics, 7 (4),
803-810.

2012

Bosello, F., R.J. Nicholls, J. Richards, R. Roson and R.S.J. Tol (2012), Economic Impacts of Climate
Change in Europe: Sea Level Rises, Climatic Change, 112 (1), 63-81.

Brander, L.M., K. Rehdanz, R.S.J. Tol and P.J.M. van Beukering (2012), ‘The Economic Impact of
Ocean Acidification on Coral Reefs’, Climate Change Economics, 3 (1), 1-29.

Devitt, C. and R.S.J. Tol (2012), Civil War, Climate Change, and Development: A Scenario Study for
Sub-Saharan Africas, Journal of Peace Research, 49, 129-145.

Leahy, E., C. Devitt, S. Lyons and R.S.J. Tol (2012), The Cost of Natural Gas Shortages in Irelands,
Energy Policy, 46, 153-169.

Leahy, E. and R.S.J. Tol (2012), ‘Greener Homes: An Ex-Post Estimate of the Cost of Carbon Dioxide

Emission Reduction using Administrative Micro-Data from the Republic of Ireland#’, Environmental
Economics and Policy Studies, 14 (3), 219-239.

Lyons, S., A. Pentecost and R.S.J. Tol (2012), ‘Socioeconomic Distribution of Emissions and Resource

Use in Ireland#’, Journal of Environmental Management, 112, 186-198.

Lynch, M., M. O’'Malley and R.S.J. Tol (2012), ‘Optimal interconnection and renewable targets for

Northwest Europe#’, Energy Policy, 51, 605-612.

Macagno, G., M. Loureiro, P.A.D. Nunes and R.S.J. Tol (2012), ‘Assessing the Impact of Biodiversity
on Tourism Flows: A Model for Tourist Behaviour and its Policy Implications’, Journal of Environmental
Economics and Policy, 1 (2), 174-194.
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Mayor, K., S. Lyons, D. Duffy and R.S.J. Tol (2012), A Hedonic Analysis of the Value of Rail Transport
in the Greater Dublin Areaa, Journal of Transport Economics and Policy, 46 (2), 239-261.

Narita, D., K. Rehdanz and R.S.J. Tol (2012), ‘Economic Costs of Ocean Acidification: A Look into the
Impact on Shellfish Production#’, Climatic Change, 113 (3-4), 1049-1063.

Tol, R.S.J. (2012), Shapley Values for Assessing Research Production and Impact of Business Schools
and Scholarsa, Scientometrics, 90 (3), 763-780.

Tol, R.S.J. (2012), ‘The Uncertainty about the Total Economic Impact of Climate Changee’,

Environmental and Resource Economics, 53 (1), 97-116.

Tol, R.S.J. (2012), ‘A Cost-Benefit Analysis of the EU 20/20/2020 Package#', Energy Policy, 49, 288-
295.

Tol, R.S.J. (2012), ‘Leviathan Taxes in the Short-Run#’, Climatic Change Letters, 113 (3-4), 1049-
1063.

Tol, R.S.J., T.K. Berntsen, B.C. O’Neill, J.S. Fuglestvedt and K.P. Shine (2012), ‘Metrics for
Aggregating the Climate Effects of Different Emissions: A Unifying Frameworke', Environmental
Research Letters, 7 (4), 044006

2011

Bazilian, M., H. Rogner, M. Howells, S. Hermann, D. Arent, D. Gielen, P. Steduto, A. Mueller, P.
Komor, R.S.J. Tol and K.K. Yumkella (2011), Considering the Energy, Water, and Food Nexus:
Towards an Integrated Modelling Approach#, Energy Policy, 39 (12), 7896-7906.

Calzadilla, A., K. Rehdanz and R.S.J. Tol (2011), Water scarcity and the impact of improved irrigation

management: a computable general equilibrium analysise, 42 (3), 305-323.

Calzadilla, A., K. Rehdanz and R.S.J. Tol (2011), Trade Liberalization and Climate Change: A
Computable General Equilibrium Analysis of the Impacts on Global Agricultures, 3 (2), 526-550.

Commins, N., S. Lyons, M. Schiffbauer and R.S.J. Tol (2011), Climate Policy and Corporate Behaviours
, Energy Journal, 32 (4), 51-68.

Gorecki, P.K., S. Lyons and R.S.J. Tol (2011), Public Policy Towards the Sale of State Assets in
Troubled Times: Lessons from the Irish Experiences, Utilities Policy, 19, 193-201.

Hennessy, H. and R.S.J. Tol (2011), The Impact of Climate Policy on Private Car Ownership in Irelande
, Economic and Social Review, 42 (2), 135-158.

Hennessy, H. and R.S.J. Tol (2011), The Impact of Tax Reform on New Car Purchases in Irelanda,
Energy Policy, 39 (11), 7059-7067.

Leahy, E. and R.S.J. Tol (2011), An Estimate of the Value of Lost Load for Irelands, Energy Policy, 39
(3), 1514-1520.
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Leahy, E., S. Lyons and R.S.J. Tol (2011), The Distributional Effects of Value Added Tax in Irelanda,
Economic and Social Review, 42 (2), 213-234.

Leahy, E. S. Lyons and R.S.J. Tol (2011), Determinants of Vegetarianism and Partial Vegetarianism in
Ireland~, Economic and Social Review, 42 (4), 407-436.

Link, P.M. and R.S.J. Tol (2011), The Economic Impact of a Shutdown of the Thermohaline Circulation:
An Application of FUND#a, Climatic Change, 104 (2), 287-304.

Link, M., U.A. Schneider and R.S.J. Tol (2011), Economic Impacts of Changes in Fish Population

Dynamics: The Role of Fishermen’s Harvesting Strategiess, Environmental Modeling and Assessment,
16 (4), 413-429.

Lyons, S., L. Murphy and R.S.J. Tol (2011), Reply to Comments on Estimating Historical Landfill

Quantities to Predict Methane Emissions#, Atmospheric Environment, 45 (39), 7533-7534.

Nicholls, R.J., N. Marinova, J.A. Lowe, S. Brown, P. Vellinga, D. de Gusmao, J. Hinkel and R.S.J. Tol
(2011), Sea-Level Rise and its Possible Impacts given a “Beyond 4°C World” in the Twenty-First

Centurye, Philosophical Transactions of the Royal Society A Mathematical, Physical and Engineering
Sciences, 369 (1934), 161-181.

Tol, R.S.J. (2011), Credit Where Credit’'s Due: Accounting for Co-Authorship in Citation Countsa,
Scientometrics, 89 (1), 291-299.

Tol, R.S.J. (2011), The Social Cost of Carbon#, Annual Review of Resource Economics, 3, 419-443.

Tol, R.S.J. (2011), Reqgulation Knowledge Monopolies: The Case of the IPCCa, Climatic Change, 108
(4), 827-839.

2010

Anthoff, D., R.J. Nicholls and R.S.J. Tol (2010), The Economic Impact of Substantial Sea Level Risen,
Mititgation and Adaptation Strategies for Global Change, 15 (4), 321-335.

Anthoff, D. and R.S.J. Tol (2010), On International Equity Weights and National Decision Making on

Climate Changew, Journal of Environmental Economics and Management, 60, 14-20.

Blanford, G.J., R.G. Richels, R.S.J. Tol and G.W. Yohe (2010), The Inappropriate Treatment of Climate

Change in the Copenhagen Consensus 20104, Climate Change Economics, 2 (1), 135-140.

Calzadilla, A., K. Rehdanz and R.S.J. Tol (2010), The Economic Impact of More Sustainable Water Use
in Agriculture: A Computable General Equilibrium Analysis#, Journal of Hydrology, 384, 292-305.

Gorecki, P., S. Lyons and R.S.J. Tol (2010), EU Climate Policy 2013-2020: Using the Clean
Development Mechanism More Effectively in the non-ETS Sectors, Energy Policy, 38, 7466-7475.

Hinkel, J., R.J. Nicholls, A.T. Vafeidis, R.S.J. Tol and T. Avagianou (2010), Assessing Risk and
Adaptation to Sea-Level Rise in the European Union: An Application of DIVA#, Mitigation and
Adaptation Strategies for Global Change, 15 (7), 703-719.
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Koleva, N.G., U.A. Schneider and R.S.J. Tol (2010), The Impact of Weather Variability and Climate
Change on Pesticide Application in the US — An Empirical Investigation#, International Journal of
Ecological Economics and Statistics, 18 (10), 64-81.

Lyons, S., J. O'Doherty and R.S.J. Tol (2010), Determinants of Water Connection Type and Ownership

of Water-Using Appliances in Ireland», Water Resources Management, 24 (12), 2853-2876.

Mayor, K. and R.S.J. Tol (2010), Scenarios of Carbon Dioxide Emissions from Aviation#, Global
Environmental Change, 20 (1), 65-73.

Mayor, K. and R.S.J. Tol (2010), The Impact of European Climate Change Regulations on International

Tourist Marketsa, Transportation Research D: Transport and the Environment, 15, 26-36.

Murphy, L., S. Lyons and R.S.J. Tol (2010), Estimating Historical Landfill Quantities to Predict Methane
Emissions#, Atmospheric Environment 44 (32), 3901-3906.

Narita, D., R.S.J. Tol and D. Anthoff (2010), Economic Costs of Extra-Tropical Storms under Climate

Change: An Application of FUND#, Journal of Environmental Planning and Management, 53 (3), 371-
384.

Narita, D., D. Anthoff and R.S.J. Tol (2010), International Climate Policy and Regional Welfare
Weights, Environmental Science and Policys, 13 (8), 713-720.

Osmani, D. and R.S.J. Tol (2010), The Case of Two Self-Enforcing International Agreements for

Environmental Protection with Asymmetric Countries#, Computational Economics, 36 (2), 93-119.

Tavoni, M. and R.S.J. Tol (2010), Counting only the Hits? The Risks of Underestimating the Costs of
Stringent Climate Policy?a, Climatic Change Letters, 100, 769-778.

Tol, R.S.J. (2010), International Inequity Aversion and the Social Cost of Carbone, Climate Change
Economics, 1 (1), 21-32.

Tol, R.S.J. (2010), The Economic Impact of Climate Changew, Perspektiven der Wirtschaftspolitik, 11
(s1), 13-37.

Tol, R.S.J. and S. Wagner (2010), Climate Change and Violent Conflict in Europe over the Last
Millenniuma, Climatic Change, 99 (1-2), 65-79.

2009

Anthoff, D., C. Hepburn and R.S.J. Tol (2009), Equity Weighing and the Marginal Damage Costs of
Climate Changew, Ecological Economics, 68, 836-849.

Anthoff, D. and R.S.J. Tol (2009), The Impact of Climate Change on the Balanced Growth Equivalenta,

Environmental and Resource Economics, 43, 351-367.

Anthoff, D., R.S.J. Tol and G.W. Yohe (2009), Risk Aversion, Time Preference, and the Social Cost of
Carbona, Environmental Research Letters, 4 (2-2), 1-7.
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Anthoff, D., G.W. Yohe and R.S.J. Tol (2009), Discounting for Climate Changes, Economics — the
Open-Access, Open-Assessment E-Journal, 2009-24, 1-24.

Boehringer, C., T.F. Rutherford and R.S.J. Tol (2009), The EU 20/20/2020 Targets: An Overview of the
EMF22 Assessments, Energy Economics, 32 (S2), S268-S273.

De Bruin, K.C., R.B. Dellink and R.S.J. Tol (2009), AD-DICE: An Implementation of Adaptation in the
DICE Modela, Climatic Change, 95 (1-2), 63-81.

Callan, T., S. Lyons, S. Scott, R.S.J. Tol and S. Verde (2009), The Distributional Implications of a
Carbon Tax for Irelande, Energy Policy, 37, 407-412.

Kjellstrom, T, R.S. Kovats, S.J. Lloyd, T. Holt and R.S.J. Tol (2009), The Direct Impact of Climate
Change on Regional Labour Productivity#, Archives of Environmental and Occupational Health, 64 (4),
217-227.

Kuik, O.J., L. Brander and R.S.J. Tol (2009), Marginal Abatement Costs of Greenhouse Gas Emissions:

A Meta-Analysis#, Energy Policy, 37 (4), 1395-1403.

Link, P.M. and R.S.J. Tol (2009), Economic Impacts on Key Barents Sea Fisheries Arising from

Changes in the Strength of the Atlantic Thermohaline Circulation#, Global Environmental Change, 19,
422-433.

Lyons, S., K. Mayor and R.S.J. Tol (2009), Holiday Destinations: Understanding the Travel Choices of
Irish Touristse, Tourism Management, 30 (5), 683-692.

Lyons, S., K. Mayor and R.S.J. Tol (2009), Environmental Accounts of the Republic of Ireland: 1990-
2005#, Journal of the Statistical and Social Inquiry Society of Ireland, 107, 190-216.

Lyons, S., K. Mayor and R.S.J. Tol (2009), Convergence of Consumption Patterns during

Macroeconomic Transition: A Model of Demand in Ireland and the OECD#, Economic Modelling, 26,
702-714.

Mayor, K. and R.S.J. Tol (2009), Aviation and the Environment in the Context of the EU-US Open

Skies Agreemente, Journal of Air Transport Management, 15, 90-95.

Narita, D., R.S.J. Tol and D. Anthoff (2009), Economic Costs of Extratropical Storms under Climate
Change: An Application of FUND#, Climate Research, 39, 87-97.

Osmani, D. and R.S.J. Tol (2009), Towards Farsightedly Stable International Environmental
Agreements, Journal of Public Economic Theory, 11 (3), 455-492.

Roeckmann, C., U.A. Schneider, M.A. St.John and R.S.J. Tol (2009), Rebuilding the Eastern Cod Stock
under Environmental Change — Part Il: Taking into Account the Costs of a Marine Protected Area,
Natural Resources Modelling, 22 (1), 1-25.

Ronneberger, K. M. Berrittella, F. Bosello and R.S.J. Tol (2009), KLUM@GTAP: Introducing Biophysical
Aspects of Land-Use Decisions into a Computable General Equilibrium Model — A Coupling Experimenta

, Environmental Modelling and Assessment, 14, 149-169.
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Ruane, F.P. and R.S.J. Tol (2009), A Hirsch Measure for the Quality of Research Supervision, and an
lllustration with Trade Economists, Scientometrics, 80 (3), 613-624.

Tanaka, K., R.S.J. Tol, D. Rokityanskiy, B.C. O’Neill and M. Obersteiner (2009), Evaluating Global
Warming Potentials as Historical Temperature Proxies: An Application of ACC2 Inverse Calculations,
Climatic Change, 96 (4), 443-466.

Tol, R.S.J. (2009), The Matthew Effect Defined and Tested for the 100 Most Prolific Economists,
Journal of the American Society for Information Science and Technology, 60 (2), 420-426.

Tol, R.S.J. (2009), Intra-Union Flexibility of non-ETS Emission Reduction Obligations in the European
Union, Energy Policy, 37, 1745-1752.

Tol, R.S.J. (2009), Intra- and Extra-Union Flexibility in Meeting the European Union’s Emission
Reduction Targetse, Energy Policy, 37, 4329-4336.

Tol, R.S.J. (2009), The Economic Impact of Climate Change, Journal of Economic Perspectives, 23 (2),
29-51.

Tol, R.S.J. (2009), Of the h-Index and its Alternatives: An Application to the 100 Most Prolific
Economists, Scientometrics, 80 (2), 317-324.

Tol, R.S.J. (2009), Economic Models for Sustainable Development, in V. Bosetti, R. Gerlagh and S.P.
Schleicher (eds.) Modelling Sustainable Development — Transitions to a Sustainable Future, Edward
Elgar, Cheltenham.
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Rebuttal Report of Dr. Richard S.J. Tol

INTRODUCTION

My name is Dr. Richard S.J. Tol. | am a Professor of the Economics of Climate
Change at Vrije Universiteit Amsterdam and a Professor of Economics at the University of
Sussex. | am a Member of the Academia Europaea. | have served on the Intergovernmental
Panel on Climate Change (IPCC) since 1994. | regularly participate in studies of the Energy
Modeling Forum, and | am an editor of Energy Economics. | am the primary author of the
FUND model.

I have direct experience estimating the social cost of carbon. The Interagency
Working Group on the Social Cost of Carbon relies on three integrated assessment models —
DICE, PAGE, and FUND. | started building the FUND model in 1993. On the strength of
this research, | was invited to be a Principal Lead Author of the Second Assessment Report of
Working Group 11 of the Intergovernmental Panel on Climate Change, and | have
participated in several rounds of the Energy Modeling Forum of Stanford University. Until
2004, | was the sole developer of the model. Since then, the model has been co-developed by
Dr David Anthoff. On the strength of the later research, Dr Anthoff was appointed on a
tenure-track position at the University of California at Berkeley. | have published over 30
papers in learned journals based on results from the FUND model; these papers have been
cited over 800 times. Besides the research with FUND, | have published three literature
reviews and meta-analyses on the social cost of carbon (in 2005, 2009 and 2011; a fourth one
was submitted earlier this year). IDEAS/RePEc ranks me 124™ out of 44,647 economists;
and 5" in environmental economics and energy economics.

I have been asked to opine as to the testimonies of Dr. W. Michael Hanemann, who is
testifying in this proceeding on behalf of the Division of Energy Resources of the Minnesota
Department of Commerce, in consultation with the Minnesota Pollution Control Agency, and

Dr. Stephen Polasky, who is testifying on behalf of Clean Energy Organizations. Both of
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them rely on the estimate of the federal social cost of carbon developed by the U.S.

government’s Interagency Working Group (“IWG”).

1. Dr.Hanemann’s Testimony

It appears to me as though the parties retaining Dr. W. Michael Hanemann have

requested him to provide testimony outside his area of prior experience and expertise. To the

best of my knowledge, he has never published an estimate of the social cost of carbon. Dr.

Hanemann’s relative unfamiliarity with this field shows in several aspects of his testimony:

Dr Hanemann claims that the first estimate of the impact of climate change was
published in 1992. (Hanemann Direct at 30:15-16.) But it was in 1979 by Dr.
Ralph C. d’Arge, while the first estimate of the social cost of carbon was
published in 1982 by Dr. William D. Nordhaus.

Dr. Hanemann’s Figure 1 (Hanemann Direct at 25:1-2) is accurate for PAGE but
not for DICE and FUND. In DICE, the impacts of climate change (7) affect
economic growth (1). In FUND, climate change (4, 5) affects emissions (2) and
the impacts of climate change (7) affect population and economic growth (1).

Dr. Hanemann’s further confuses “equilibrium warming” (shown in his Equation
(2), Hanemann Direct at 28:13) and “transient warming” (used in DICE, PAGE
and FUND). This is a basic error. “Equilibrium warming” refers to equilibrated
warming — i.e., the ultimate temperature increase after the full effects of warming
have expressed themselves through the “inertia” of ocean heat uptake and
otherwise. “Transient warming” refers to the temperature response over a given
period of time, such as 20 years, or by a certain date, such as 2100.

Dr. Hanemann claims that FUND is not “readily available.” (Hanemann Direct at
65:1-8.) This is false. FUND has been in the public domain since 1999; at the

moment, it can be freely downloaded from GitHub.

Dr. Hanemann defends the discount rates used by the IWG. | disagree. The Ramsey

rule is a more appropriate choice. The Ramsey rule is named after a 1928 publication in the
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Economic Journal by Frank Ramsey. (F.P. Ramsey, “A Mathematical Theory of Saving,” 38
Econ. J. 543 (Dec. 1928), available at http://piketty.pse.ens.fr/files/Ramsey1928.pdf.)
According to the Ramsey rule, the discount rate should vary with economic growth. The
Ramsey rule makes sense because it relates the money discount rate to parameters underlying
the “time value” of money - i.e., the reasons that receiving money today is preferred over
receiving it in the future.

The “time value” of money reflects several considerations. We discount future pay-
outs because we are impatient and because we expect to be richer in the future. The rate of
impatience is often referred to as the “pure rate of time preference” or the “utility discount
rate.” The pure rate of time preference measures how much we prefer to get good things now
rather than later.

Furthermore, because we expect our income to grow, a dollar gain today is worth
more than a dollar gain in a year from now, because the relative gain in income is greater
now than later. This component of the Ramsey rule has two parameters, viz. the rate of
income growth and the rate at which an extra dollar loses incremental value as we grow
richer: A dollar means more to a homeless person than to Bill Gates.

The Ramsey rule relates to the reasons that receiving money today is preferred over
receiving it in the future. As noted, under the Ramsey rule, the discount rate varies with
economic growth. As economic growth is unlikely to be constant over long periods of time, a
constant discount rate is likely to equal the appropriate discount rate. Similarly, the Ramsey
rule dictates that the discount rate should differ between different scenarios of future
economic growth, and between countries growing at different rates.

The IWG used real discount rates of 2.5%, 3.0% and 5.0% and did not use the
Ramsey rule, which had an effect on its analysis. Table 1 shows the social cost of carbon for
alternative discount rates. The Office of Management and Budget recommends real rates of
3.0% and 7.0%, but the IWG used 2.5%, 3.0% and 5.0%. Table 1 shows the full range. The
social cost of carbon rises sharply for higher discount rates. Because the initial impacts of

climate change are positive, due to carbon dioxide fertilization, reduced winter heating, and
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few cold-related deaths, the social cost of carbon is negative for the highest discount rates,
that is, carbon dioxide emissions should be subsidized rather than taxed.

The IWG used a consumption rate of discount that is constant over time, rather than
the more appropriate Ramsey discount rate (Ramsey, 1928, Arrow et al., 2013). Table 1
shows the implications. The parameters of the Ramsey rule — the pure rate of time preference
and the rate of risk aversion — are chosen such that the net present value of a stream of $1
gains for a century is the same for the economic growth rate assumed for the USA. However,
because many other regions are assumed to grow faster than the USA, applying the Ramsey
rule leads, as shown in Table 1, to lower estimates of the social cost of carbon. Because the
Ramsey discount rate and the constant discount rate diverge as we peer further into the future,
the difference is particularly pronounced for lower discount rates.

Table 1. Estimates of the social cost of carbon ($/tC) for alternative discount rates.*

R P H SCC
7.0% -1.75
5.5% 1.0 -1.89
4.8% 1.5 -1.89
4.0% 2.0 -1.84
5.0% 1.14
3.6% 1.0 -0.31
2.9% 1.5 -0.59
2.1% 2.0 -0.55
3.0% 20.05
1.6% 1.0 11.15
0.9% 1.5 9.83
0.2% 2.0 10.02
2.5% 35.29
1.1% 1.0 21.09
0.5% 1.5 17.22
-0.2% 2.0 19.28

* The utility discount rate (p) and the rate of risk aversion (#) are chosen to be
equivalent to the consumption discount rate (r) for the Ramsey rule (r=p+7g) and projected
US growth (g) for the 21 century.

The social cost of carbon, as estimated by the IWG, reflects the marginal damage to
the whole world. The majority of the impacts of climate change will fall outside the

jurisdiction of the US government. The IWG discounted future impacts with the same
5
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discount rate, regardless of the location of those impacts. This is equivalent to using region-
specific weights. According to the Ramsey rule, the consumption rate of discount equals the
utility rate of discount plus the population growth rate plus the growth rate of per capita
consumption times the rate of risk aversion. The Ramsey rule implies that future impacts are
more heavily discounted in more rapidly growing economies. By using the same discount
rate regardless of the prospects for economic growth, the IWG puts a premium on the impacts
in countries that grow faster than the USA. The effect can be substantial. For instance, using
the FUND scenario as used by the IWG, impacts in China are weighted 46% to 87% higher
than impacts in the USA. In other words, a $1.00 loss in the USA is counted as $1.00; but a
$1.00 loss in China is counted as $1.46 to $1.87. The result of this approach is that the IWG
effectively places more value on the circumstances in China than on those in the USA.

Dr. Hanemann accepts that the IWG increased the social cost of carbon between 2010
and 2013. | am surprised by that. Table 2 shows the estimates of the 2020 social cost of
carbon as recommended by the IWG on the Social Cost of Carbon in 2010 and 2013
(IAWGSCC, 2013, IAWGSCC, 2010). Table 4 also shows the estimates by the three models
used by the IWG on the Social Cost of Carbon. All models show an increase in their
estimates. This is most pronounced for PAGE and least pronounced for DICE, with FUND
somewhere in the middle. PAGE’s modeller, Dr. Chris W. Hope, has not published
comparable estimates around 2010 and 2013. The FUND team has (Waldhoff et al., 2014,
Waldhoff et al., 2011). The estimates of the social cost of carbon by the FUND team are not
directly comparable to those by the IWG, but they are comparable to one another. In 2011,
FUND estimated a social cost of carbon of $8.0/tC; in 2014, was $6.6/tC. In other words,
FUND as used by the FUND team shows a lower social cost of carbon, whereas FUND as
used by US Federal Government shows a higher social cost of carbon. | have not tried to
reconstruct the IWG estimates, so | do not know what they did to find a stark increase in their
estimate of the social cost of carbon.

Table 2. Estimates of the social cost of carbon (*°*’$/tCO,) for emissions in 2020.

2010 2013

Model\Discountrate | 5.0% | 3.0% | 2.5% 50% | 30% | 25%

6
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DICE 13.0 34.7 50.2 12.2 37.8 56.6
PAGE 9.4 36.7 58.7 21.6 70.6 101.4
FUND -0.9 7.3 16.2 2.6 21.0 36.0
IAWGSCC 6.8 26.3 41.7 12.0 43.0 65.0

As the author of FUND, my assessment is the IWG may not have correctly operated
FUND in generating its estimates. Because the IWG process and the calculations themselves
are not immediately transparent, it is has not been possible for me to ascertain exactly how
the IWG generated its estimates or whether they are economically and scientifically valid.
However, the inconsistency between the numbers that my operation of the FUND model
generates and those produced by the IWG raises serious questions as to whether the IWG’s

estimates lack economic and scientific reliability.

2. Dr. Polasky’s Testimony

It appears to me as though the parties retaining Dr. Stephen Polasky have requested
him to provide testimony outside his area of prior experience and expertise. To the best of my
knowledge, he has never published an estimate of the social cost of carbon.

Dr. Polasky simultaneously argues that the IWG’s estimate of the social cost of
carbon is too low and about right. He gives four reasons why the estimate would be too low.
First, he argues that the federal estimate does not give adequate weight to catastrophic
damages. Earlier, Dr. Polasky discusses the representation of catastrophic impacts in DICE
and PAGE. Dr. Polasky refers to Weitzman (2009) but omits that that paper was anticipated
by Tol (2003), which is based on results from the FUND model. Dr. Polasky cites a
speculative estimate by Weitzman that a 6°C warming would cost 50% of GDP, but omits
other estimates that put the number closer to 7% of GDP (Nordhaus, 1994, Roson and van der
Mensbrugghe, 2012).

Dr. Polasky argues that the IWG used relatively high discount rates. The IWG used
discount rates of 2.5%, 3.0% and 5.0%. The Office of Management and Budget recommends

real discount rates of 3.0% and 7.0%.
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Dr. Polasky argues that integrated assessment models do not account for the impact of
climate change on economic growth. This is true for the PAGE model, but not true for DICE
and FUND. Dr. Polasky omits reference to Pizer (1999) and Fankhauser and Tol (2005), who
find that the growth effect is small. He does refer to Dietz and Stern (2015) and Moore and
Diaz (2015), who find large effects but only under the assumption that climate change would
affect total factor productivity. While Dietz and Stern (2015) offer no evidence in support of
that assumption, Moore and Diaz (2015) refer to Dell et al. (2012). However, as emphasized
by (Dell et al., 2014), the Dell 2012 paper is about the effects of weather and it should not be
interpreted as evidence that climate (change) affects productivity.

Dr. Polasky argues that estimates of the impacts of climate change are incomplete and
underestimates. Impact estimates are indeed incomplete. However, the models that are used
to estimate the social cost of carbon include all impacts for which a global impact estimate is
available. Therefore, the size and indeed the sign of the missing impacts is unknown. Dr.

Polasky’s assertion that the missing impacts are sizable and negative, is pure speculation.

3. The FUND Model

As | mentioned previously, both Dr. Hanemann and Dr. Polasky rely on the estimate
of the federal social cost of carbon developed by the IWG, which in turn relied on three
Integrated Assessment Models, known as DICE, FUND, and PAGE. | understand that
Robert Mendelsohn of Yale has already provided testimony in this proceeding using the
DICE model. I have been asked to show the results of the FUND model under the same
parameters as Professor Mendelsohn used (which he derived from the testimony of Professors
Lindzen, Happer and Spencer).

Professor Mendelsohn’s testimony in this case used discount rates between 3% and
7%, and climate sensitivity values between 1.0 and 3.0. My Table 1 above shows the results
of the FUND model using various discount rates. The results of the FUND model using the

same assumptions regarding climate sensitivity values as Professor Mendelsohn is as follows:
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Table 3. Estimates of the social cost of carbon ($/tC) for the alternative climate
sensitivities (CS) used by Professor Mendelsohn.

CS 1.0 1.5 2.0 2.5 3.0

SCC -17.97 |-12.06 |-4.05 |7.06 20.05

4. Disaggregating the Effects Of Human-Induced And Natural Climate

Variability
Current estimates of the social cost of carbon are based on the assumptions that short-
term natural climate variability is irrelevant in that it averages out, and that there is no long-
term natural climate variability. There are a few papers (Estrada and Tol, 2013a, Estrada and
Tol, 2013b), yet to be published in peer-reviewed journals, that test these assumption, but it is
too early to draw any conclusion. Accordingly, current models do not disaggregate the
effects of human-induced warming and natural variability, and work on that issue is just in its

infancy.

5. The 97% Fiqgure Is Flawed

It is often said that 97% of climate scientists agree that climate change is real, human-
made, and dangerous. There are many things wrong with this assertion, as | have previously
noted. (See Richard S.J. Tol, “Quantifying the Consensus on Anthropogenic Global
Warming in the Literature: A Re-Analysis,” 73 Energy Policy 701 (2014); Richard S.J. Tol,
“Quantifying the Consensus on Anthropogenic Global Warming in the Literature:
Rejoinder,” 73 Energy Policy 709 (2014).) The 97% number is taken from Cook et al.
(2013). The paper is silent about whether climate change is dangerous or not. In this context,
“human-made” means that at least half of the observed warming is due to human activity,
which includes but is not limited to anthropogenic greenhouse gas emissions. And the 97%
refers to the number of papers rather than the number of researchers.

The 97% pertains to a sample of the literature, rather than the whole literature, and the

sample is unrepresentative. The sample is dominated by papers that are not about climate
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change and its causes, but rather about the impacts of climate change and climate policy.
Cook and colleagues report two tests for data quality, and fail both.

Cook and colleagues have claimed that abstracts were rated by two independent
raters, even though these raters freely interacted with each other. They have claimed that the
raters did not know journal and author, even though they did. They have claimed that data
could not be inspected by independent experts because that would violate a confidentiality
agreement, even though such an agreement never existed. They have climate data that could
not be inspected because it was never collected, even though it was.

Cook and colleagues collected data, inspected the results, collected more data,
inspected the results again, changed the way the data was classified, collected yet more data,
inspected the results, and changed the data classification again before the final results were
presented. The same team collected and analyzed the data. Cook and colleagues thus broke
all rules about scientific data gathering.

The journal editors and publishers are aware of the paper’s problems, but have chosen
not to act.

Cook’s paper illustrates everything that is wrong with climate research. Studies are
praised because the results are politically expedient rather than scientifically valid. Research

scandals are covered up. Whistleblowers are vilified.

6. Differences Between Social Cost of Carbon and Traditional Damages Cost

Methodologies.

The causal chain for the social cost of carbon is rather long, complex and contingent.
In this way it is different from the traditional damages cost methodology for a pollutant like
mercury or lead. Let us consider two particular impacts, malaria and coastal flooding.

In either case, the emission of a tonne of carbon dioxide leads to a change in the
atmospheric concentration of carbon dioxide. However, the precise relationship between

emission and concentration is mediated by the terrestrial biosphere, which is influenced by
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such things as the climate, land and water use, and the deposition of fertilizers such as
nitrogen.

A change in the atmospheric concentration of carbon dioxide leads to a change in
radiative forcing of the atmosphere. However, the change in radiative forcing depends on
radiative forcing itself.

A change in radiative forcing leads to a change in climate. This change in climate
sets in motion a number of feedback effects, each of which lead to further climate change and
many of which vary with climate itself.

This makes it rather difficult to estimate the climate effect of carbon dioxide
emissions, and indeed that effect varies over time and is contingent on human choices within
the domain of climate policy (e.g., emissions, land use) as well as outside that domain (e.qg.,
fertilization).

Now let us turn to malaria. The parasite develops faster in warmer climates; and the
vector thrives in warm and wet conditions. Climate change is likely to lead to an increase in
potential malaria. However, there is a difference between potential and actual malaria.
Malaria used to be endemic in the southern USA and southern Europe. Malaria outbreaks
have been reported as far north as Murmansk. Malaria is now rare in the rich world because
mosquito habitat was destroyed, mosquitoes were exterminated, and medicine created herd
immunity. Malaria is now largely limited to poor countries.

As vulnerability to malaria depends on development, future vulnerability will be
different than today’s. The impact of climate change is thus contingent on the state of roofs
and pavements, on the availability of pesticide-impregnated bed nets, and on the affordability
of malaria medicine. Resistance to anti-malarial drugs and the development of new malaria
medicine or even vaccines further complicate the matter. As climate change plays out over
centuries, major developments can be expected.

The social cost of carbon is expressed in money. Estimates of the social cost of
carbon therefore do not only estimate the number of climate-change-induced malaria deaths,

but also attach a monetary value to these fatalities. So, as a final complication, the
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willingness to pay to reduce the risk of premature mortality has to be projected over a century
or more.

Let us consider the impact of coastal flooding in a country like Bangladesh next.
Where malaria is driven by temperature and rainfall, coastal flooding are further driven by
sea level rise and wind speed and direction. But the impact of a possible increase in coastal
flooding is also determined by the quality of flood protection. Flood protection is typically
provided by the public sector. Estimates of the social cost of carbon thus require not only
projections of future floods and the number and value of properties in the coastal zone, but
also projections of decisions made by future politicians.

This is rather complicated. Like Bangladesh, the Netherlands is a densely populated
delta facing the risks of storms and floods from sea and river. The Netherlands started its
modern dike building program in 1850. At the time, the Netherlands was not much richer
than Bangladesh is now, and technology was more primitive. In 1850, the Netherlands had
long been vulnerable to floods. Dike building started in response to political events. In
response to the European Spring of 1848, a new constitution was introduced in 1849 that
gave the Netherlands a strong central government that was broadly representative of the
population. The new government promptly invested in one of the electorate’s main concerns:
flood protection.

Bangladesh is among the worst-governed countries in the world. As long as that is
the case, it cannot muster the large-scale infrastructure projects needed to protect its
population against floods. A competent and caring government can. Estimates of the social
cost of carbon are thus contingent on assumptions about the future governance of countries
such as Bangladesh.

Malaria and coastal protection are two examples. Similar issues arise in the other
impact of climate change, be it in agriculture, health, energy use, biodiversity, floods or
storms.

In sum, the causal chain from carbon dioxide emission to social cost of carbon is long,

complex and contingent on human decisions that are at least partly unrelated to climate
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policy. The social cost of carbon is, at least in part, also the social cost of underinvestment in

infectious disease, the social cost of institutional failure in coastal countries, and so on.
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