[bookmark: _GoBack]Understanding Radiative Forcing (IPCC)
The Intergovernmental Panel on Climate Change (IPCC) is an international group of scientists, which publish assessment reports on the effects of climate change (most recently in 2014). The most abundant cause of climate change is increased concentrations of greenhouse gases in the atmosphere. The effects of these gases are represented in their radiative forcing (RF): the increase or decrease in radiation at the Earth’s surface due to each type of greenhouse gas. Positive radiative forcings represent compounds that warm the atmosphere such as CO2. Some species such as sulfate aerosol actually cool the atmosphere and therefore have negative radiative forcings. Below is the radiative forcing for anthropogenic and natural drivers presented in the 2013 IPCC: Summary for Policymakers which is available at: http://www.ipcc.ch/report/ar5/syr/
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Understanding Radiative Forcing (IPCC)
Carbon Dioxide
1) Does CO2 warm or cool the atmosphere?


2) Based on the figure what percentage of the total RF (2.29 W m-2) is due solely to CO2 emissions?



3) CO2 is also listed under CH4, CO and NMVOC (non-methane volatile organic compounds) because they are oxidized to form CO2 (rows 2, 5 & 6).  How do these indirect CO2 sources (brown bars on rows 2, 5 & 6) compare to direct CO2 emissions (row 1)?


Other Gas-Phase Species
4) Halocarbons (such as CFCs) cause both negative and positive forcing.  The positive forcing is because CFCs are greenhouse gases.  What is the cause of the negative forcing?



5) N2O and CO2 have very high levels of confidence, while all other factors have lower confidence. Why is this the case? (notice what’s different in the bar graphs about these two factors)



6) NMVOCs are not greenhouse gases. Why are they listed as a factor in the anthropogenic RF? How is this related to urban air quality?




Aerosols & Other Factors
7) What is the only aerosol component with a positive RF? What is a source of these?



8) What aerosol component has the largest negative RF? What is a source of these?



9) Why do clouds have a negative RF?




10) Why is the RF from clouds so uncertain?




11) Why aren’t volcanic emissions included in the chart? (hint: read the caption)



12) Land use change has a negative RF.  Why?
The image below may help. On the left is an image of Brazilian rainforests in 1975 and of the right is the same region with cleared rainforests in 2009. Photo courtesy of NASA: Images of Change https://climate.nasa.gov/images-of-change?id=654#654-county-fire-lights-up-northern-california-night




[image: Image result for satellite image of forests and farmland]
Synthesis
13) If research could be done in order to improve our understanding of only one factor, which factor should be chosen to best reduce the uncertainty in our understanding of the anthropogenic RF?



14) Using data from 2011, what is our best estimate for the ratio of anthropogenic-to-natural RF changes since 1750?


15) Do the same as in #14 but determine what the lowest ratio of anthropogenic-to-natural RF?
	(use the highest possible natural RF and lowest possible anthropogenic RF)



16) In order to reduce anthropogenic forcing we could reduce emissions of greenhouse gases. Or we could increase emissions of any of the factors with negative RFs.  However, this could have consequences.  What are the detrimental consequences of increasing:
a) CFC emissions


b) NOx emissions


c) SO2 emissions
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Figure SPM.5 | Radiatve forcing estmates i 2011 rlative to 1750 and aqgregated uncrtzinte for the main ciivers of cimate change. Values are
gloual average radativeforcing (RF,partiioned accoring to th eitted compounds o proceses thatresult n 2 combinaton o vers. T bestest-
mates of the et radiative forcng are snown as black diamonds with cotesponding uncertainy ntevas he numerica values ae proided on theright
ofth fgure,together wit the conficdencelvel n the et forang (VH —very high,H — igh, M —medium, L —low, VL—very low). Albedo forcig due to
black catbon on snow andic s incuded i th black carbon aerosol . Smal foraings e to contals (0.05 W -, incicing contal induced dims),
and HECs,PFCS and S ota 0.03W ) are ot shown. Concentaton-based RFs for gasescan b obtained by suming he lke-coloured bars Volcaic
forcng s ot nduded s s episodic nature makes i dficut to compare to other forcing mechanisms. Total anthiopogeni radiative forcing is provided
for thre difrent years elativeto 1750. or futher tecical deails, incucing uncerainty anges assodated with ndividual companents and processes,
See the Technical Summary Supplementary Material. 8.5; Figures 8.14-8.18; Figures T5.6 and 757}
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