
This Week: Anthropogenic Forcings

• Aerosol forcings

• An example of a global anthropogenic 

forcing that was mitigated

• Expected impacts of GHG forcing 

(Part 1)



Anthropogenic Global Radiative Forcing of Climate

IPCC [2013]



Projections of Future Emissions

24



Future Atmospheric CO2

One emission scenario in many different 

IPCC models

Most models suggest CO2 will be double 

pre-industrial (2 x 280 ppm) by mid-century

Figure 10.20



Future: Representative Concentration Pathways



Impact #1: Surface T Increases



Poll Question
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The amount of water vapor in the 
atmosphere is a response to the climate

Recall: Water vapor residence time is ~ 
weeks, fast response to changes



Impacts: Temperature Increase Not Uniform

• Land warms more 

than oceans

• Polar 

“amplification”



Impacts: Temperature Increase Not Uniform

• Land warms more than 

oceans

– Partly due to different 

thermal mass and heat 

capacity

– But more so due to 

evaporative cooling (lack 

thereof over land)



Impacts: Temperature Increase Not Uniform

• “Polar Amplification”

– Mostly Arctic amplification

– Partly snow-ice albedo, and 

increased oceanic and 

atmospheric (latent) heat 

transport



Temperature Extremes: Distribution shifts

• Coldest nights get warmer

• Warmest days get warmer (more frequent)

• Warm nights more often

T

Prob.



Impact #2: Water Cycle (and Atm. Circulation)



“Rich Get Richer / Poor Get Poorer”



“Rich Get Richer / Poor Get Poorer”

• Increased water vapor – more water 

to rain out (where it rains already)

• Poleward expansion of Hadley 

subsiding branches, dries subtropics 

and into lower mid latitudes



Increased evaporation, drier soils



Hydrologic Cycle Extremes: Distribution shifts

• More water vapor → more intense precipitation events 

possible

• Increased evaporation can lead to more frequent periods 

of drought

• Same controls on extremes for average precipitation and 

evaporation

Precipitation

Prob.



Change in Precip Amount on Very Wet Days



Consecutive Dry Days Increase



Wetter or Drier??



Hurricanes are Extreme Events

Hurricane Harvey

2017 

> 4 feet of rain 

over a few days



Anthropogenic Global Radiative Forcing of Climate

IPCC [2007]
FAQ 2.1, Figure 2



Cloud Forcings and Feedbacks

Low altitude thick clouds

→ Stratus

High altitude thin ice clouds

→ Cirrus



Clouds and Climate—a complex problem

Cirrus: Not so reflective, but 

absorb IR and emit at cold T

Low Clouds: Reflective, do absorb 

IR but emit like warm surface.  



Aviation Contrails—Positive Forcing

October 2004



Clouds and Cloud Feedbacks (two examples)
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Cloud Forcing Predictions by Different Models

Figure 10.11

IPCC 2007


