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Chapter 8 Anthropogenic and Natural Radiative Forcing

Table 8.7 | GWP and GTP with and without indusion of climate—carbon feedbacks (cc fb) in response to emissions of the indicated non-CO, gases (dimate-carbon feedbacks in

response to the reference gas CO, are always included).
Lifetime (years) GWP,, GWP, GTP,;, GTP,y,

CH® 12.4° No ccfh 84 28 67 4

o With cc fb 86 34 70 "

HFC-134a 134 S 710 b 3050 201
With cc fb 3790 1550 3170 530

CFC-11 45.0 No cc fb 6900 4660 6890 2340
With cc fb 7020 5350 7080 3490

N,O 121.00 Mo ccfb 264 265 217 234
With cc fb 268 298 284 297

CF, 50,000.0 No ccfh 4880 6630 5270 8040
With cc fb 4950 7350 5400 9560

Motes:
Uncertainties related to the climate—carbon feedback are large, comparable in magnitude to the strength of the feedback for a single gas.
*  Perturbation lifetime is used in the calculation of metrics.

& These values do not include €0 from methane oxidation. Values for fossil methane are higher by 1 and 2 for the 20 and 100 year metrics, respectively (Table 8.A.1).
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Alvarez, R. A., S. W. Pacala, J. J. Winebrake, W. L. Chameides, and S. P. Hamburg. 2012. Greater focus
needed on methane leakage from natural gas infrastructure. Proc. Natl. Acad. Sci

Anifowose &0Odubela. 2015. Methane emissions from oil and gas transport facilities... Journal of Cleaner
Production

Bouman et al. 2015. Multiregional environmental comparison of fossil fuel powergeneration...
International Journal of Greenhouse Gas Control

Kang et al. 2014. Direct measurements of methane emissions from abandoned oil and gas wells in
Pennsylvania. PNAS

Maher et al. 2014. Mapping Methane and Carbon Dioxide Concentrations

... Water Air Soil Pollut

Kang et al. Direct measurements of methane emissions from... PNAS (2014)

Phillips et al. Mapping urban pipeline leaks..., Environmental Pollution (2013)

Jackson, et al. Natural Gas Pipeline Leaks.... Environmental Science & Technology, (2014)

Caulton et al. Toward a better understanding... PNAS(2014)
http://www.pnas.org/content/112/51/15597.abstract?sid=1fc3cba9-1f62-4c66-8371-4b875f7cb50f
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« Howarth, R. W., R. Santoro, and A. Ingraffea. 2011. Methane and the greenhouse gas footprint of natural gas from shale formations. Clim. Change Lett

- Howarth, R. W,, R. Santoro, A. Ingraffea. Venting and leakage of methane from shale gas development: reply to Cathles et al. 2012. Clim. Change

+ Howarth, R. W., D. Shindell, R. Santoro, A. Ingraffea, N. Phillips, and A. Townsend-Small. 2012. Methane emissions from natural gas systems.
Background paper prepared for the National Climate Assessment, Reference # 2011-003, Office of Science & Technology Policy Assessment,

Washington, DC.

 Hughes, D. 2011. Lifecycle greenhouse gas emissions from shale gas compared to coal: an analysis of two conflicting studies. Post Carbon Institute,
Santa Rosa, CA.

« Howarth, R. W., and A. Ingraffea. 2011. Should fracking stop? Yes, it is too high risk. Nature

+ Alvarez, R. A, S. W. Pacala, J. J. Winebrake, W. L. Chameides, and S. P. Hamburg. 2012. Greater focus needed on methane leakage from natural gas
infrastructure. Proc. Natl. Acad. Sci.

. Brandt, A. F, G. A. Heath, E. A. Kort, F. O. O’Sullivan, G. Petron, S. M. Jordaan, et al. 2014. Methane leaks from North American natural gas systems.
Science

+ Karion, A., C. Sweeney, G. Petron, G. Frost, R. M. Hardesty, ]. Kofler, et al. 2013. Methane emissions estimate from airborne measurements over a
western United States natural gas field. Geophys. Res. Lett

« Petron, G., G. Frost, B. T. Miller, A. I. Hirsch, S. A. Montzka, A. Karion, et al. 2012. Hydrocarbon emissions characterization in the Colorado Front Range
- a pilot study. J. Geophys. Res

. Miller, S. M., S. C. Wofsy, A. M. Michalak, E. A. Kort, A. E. Andrews, S. C. Biraud, et al. 2013. Anthropogenic emissions of methane in the United States.
Proc. Natl. Acad. Sci.

* Schneising et al. (2014) - “Remote sensing of fugitive methane emissions from oil and gas production in North American tight geologic formations”

+ Howarth. A bridge to nowhere...Energy Science & Engineering (2014)
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