Text notes for climate feedbacks
Feedback mechanism 

· A process whereby the response to an initial change either reinforces the change (positive feedback) or weakens it (negative feedback).

· In our context, the initial change may be the addition of greenhouse gases. For example, if the amount of CO2 in the atmosphere were double what it was prior to the industrial revolution, 560 ppm, we can use simple radiation models to estimate that the global average surface temperature would increase by 1° C.
· However, the simple model ignores possible feedbacks like changes in cloud cover.

· If positive feedbacks dominate, the global average surface temperature would go up more than that, perhaps by 3° C.

· If negative feedbacks dominate, the global average surface temperature would go up by less than that, perhaps by 0.5° C.

Below are several examples of climate feedback processes. I expect that you will know and understand these by name. In addition, if I provide you will a simple feedback mechanism not listed here, I expect that you will be able to identify the process as a positive or negative feedback.

1. Snow/Ice albedo (reflectance) Feedback (Positive)

· Add Greenhouse gases

· Surface Warms

· Snow/Ice melt, reducing surface albedo for solar radiation

· More solar radiation absorbed at surface, surface warms further

2. CO2 fertilization feedback (Negative)

· Add CO2 to the atmosphere

· Plants grow faster, taking in CO2 at a faster rate

· CO2 levels in the atmosphere start to decrease

3. Water vapor feedback (Positive)

· Add greenhouse gases

· Surface warms

· Since rate of evaporation increases and b/c warmer air can hold more water vapor, may have more water vapor in atmosphere

· Water vapor is a greenhouse gas, surface warms further
** In most climate prediction models, after CO2 has been added to the atmosphere, this positive feedback is responsible for much of the predicted warming, not CO2 directly.  But this is not certain to occur …

Most models end up keeping relative humidity nearly constant as temperature increases.  Thus, water vapor concentrations increase in climate models, making this a large + feedback}

4a. Cloud Reflection (Negative)

· surface warms, more water vapor in atmosphere

· more clouds

· clouds reflect solar radiation

· less solar energy absorbed at surface, cooling surface

4b. Cloud emission (Positive)

· surface warms, more water vapor

· more clouds

· clouds emit radiation (greenhouse effect of clouds)

· more radiation absorbed by ground surface, warming surface

Which wins out?  In today’s climate (based on satellite data), clouds have an overall cooling effect on global average surface temperature.  But this could change in the future.  The strength of these 2 feedbacks depends on the type of cloud, the altitude of the clouds, and other factors.  

Climate models do a very poor job of simulating water vapor and clouds. Feedbacks due to changes in water vapor and clouds are a huge problem for models. This causes some people to disregard the predictions of climate models.
