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Growing rapidly …. And vulnerable to climate change


Figure F.2.  Maps of  federal lands and 
American Indian reservations (a), the 
percent of  cropland irrigated (b), and the 
percent change in population from 2000 
to 2008 (c).  Data from the National Atlas 
and the U.S. Census Bureau.




From S. McAfee
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Climate Change Indicators


AR5 – TS.1
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Global Energy Balance (W/m2)


AR5 – Figure 2.11 
NET TOA/SURFACE IMBALANCE of  ~0.6 W/m2
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Wallace and Hobbes, 2006


Dry Zone


Dry Zone


Westerlies


Westerlies


TROPICS
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•  Poleward shift of  the 
Southern Hemisphere 
Westerlies


•  Poleward shift of  the 
Northern Hemisphere 
Westerlies 


D. Thompson
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Winter Storm Track Changes


AR5 – Fig. 12.20
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Arctic Sea Ice Extent


NSIDC
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Planting Zone Shifts Already Observed


National Arbor Day Foundation Plant Hardiness 
Zone Map published in 2006


© 2012 National Wildlife Federation
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Changes in western U.S. snowmelt runoff  timing, 1948-2002. 

Source: Stewart et al. (2005).
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Figure 3.2. Changes in annual surface soil moisture per year over the period 1988 to 2010 
based on multisatellite datasets. Surface soil moisture exhibits wetting trends in the Northeast, 
Florida, upper Midwest, and Northwest, and drying trends almost everywhere else. (Images 
provided by W. Dorigo).
 From the “National Climate Assessment: Climate Change 


Impacts in the United States” 


Annual Surface Soil Moisture Trends
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Figure 3.5. Trend magnitude (triangle size) and direction (green = increasing trend, brown = decreasing trend) of  
annual flood magnitude from the 1920s through 2008. Flooding in local areas can be affected by multiple factors, 
including land-use change, dams, and diversions of  water for use. Most significant are increasing trends for floods in 
Midwest and Northeast, and a decreasing trend in the Southwest. (Figure source: Peterson et al. 2013).


From the “National Climate Assessment: Climate Change  Impacts in the United States” 


Trends in Flood Magnitude
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Computer code that solves differential equations of  air motion and 
thermodynamics to obtain time and space dependent values for  
temperature, wind speed, moisture and pressure in the 
atmosphere.


Atmospheric Models


http://celebrating200years.noaa.gov/
breakthroughs/climate_model/
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Cloud Responses to Warming


AR5 – Figure 7.1 
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Human Effects on Monsoons


AR5 – FAQ. 14.2

Fig. 1
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Precipitation Changes


AR5 – Fig. 12.26
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Figure 20.1. Maps show projected changes in average, as compared to 1971-1999. Top row shows projections assuming 
heat-trapping gas emissions continue to rise (A2). Bottom row shows projections assuming substantial reductions in 
emissions (B1). (Figure source: adapted from Kunkel et al. 2013).


From the “National Climate Assessment: Climate Change  Impacts in the United States” 


Projected Temperature Increases
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Figure 20.2. Snow water equivalent (SWE) refers to the amount of  water held in a volume of  snow, which depends on the 
density of  the snow and other factors. Figure shows projected snow water equivalent for the Southwest, as a percentage of  
1971-2000, assuming continued increases in global emissions (A2 scenario). The size of  bars is in proportion to the amount 
of  snow each state contributes to the regional total; thus, the bars for Arizona are much smaller than those for Colorado, 
which contributes the most to region-wide snowpack. Declines in peak SWE are strongly correlated with early timing of  
runoff  and decreases in total runoff. For watersheds that depend on snowpack to provide the majority of  the annual runoff, 
such as in the Sierra Nevada and in the Upper Colorado and Upper Rio Grande River Basins, lower SWE generally 
translates to reduced reservoir water storage. (Data from Scripps Institution of  Oceanography).


From the “National Climate Assessment: Climate Change  Impacts in the United States” 


Projected Snow Water Equivalent
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Figure 3.1. These projections, assuming 
continued increases in heat-trapping gas 
emissions (A2 scenario; Ch. 2: Our Changing 
Climate), illustrate: a) major losses in the water 
content of  the snowpack that fills western rivers 
(snow water equivalent, or SWE); b) significant 
reductions in runoff  in California, Arizona, 
and the central Rocky Mountains; and c) 
reductions in soil moisture across the 
Southwest. The changes shown are for mid-
century (2041-2070) as percentage changes 
from 1971- 2000 conditions (Figure source: 
Cayan et al. 2013).


From the “National Climate Assessment: Climate Change 

Impacts in the United States” 


Projected Changes in Snow, 

Runoff, and Soil Moisture
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Figure 3.4. Annual and seasonal streamflow projections based on the B1 (with substantial emissions reductions), A1B 
(with gradual reductions from current emission trends beginning around mid-century), and A2 (with continuation of  
current rising emissions trends) CMIP3 scenarios for eight river basins in the western United States. The panels show 
percentage changes in average runoff, with projected increases above the zero line and decreases below. Projections are 
for annual, cool, and warm seasons, for three future decades (2020s, 2050s, and 2070s) relative to the 1990s.


From the “National Climate Assessment: Climate Change  Impacts in the United States” 


Streamflow Projections for River Basins in the Western U.S.
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Figure 3.11. The effects of  climate change, primarily associated with increasing temperatures and potential 
evapotranspiration, are projected to significantly increase water demand across most of  the United States. Maps show 
percent change from 2005 to 2060 in projected demand for water assuming (a) change in population and socioeconomic 
conditions based on the underlying A1B emissions scenario, but with no change in climate, and (b) combined changes in 
population, socioeconomic conditions, and climate according to the A1B emissions scenario (gradual reductions from 
current emission trends beginning around mid-century). (Figure source: Brown et al. 2013).


From the “National Climate Assessment: Climate Change  Impacts in the United States” 


Projected Changes in Water Withdrawals
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Where is global warming going?
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The global energy imbalance goes into the ocean


Box 3.1, Figure 1: Plot of  energy 
accumulation within distinct components 
of  Earth’s climate system relative to 1971.


AR5  
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What is the role of  the Southern Ocean in the 
global climate system?


1.  It may account for up to half  of  the annual oceanic uptake 
of  anthropogenic carbon dioxide from the atmosphere (cf., 
Gruber et al., 2009)


2.  Vertical exchange in the Southern Ocean is responsible for 
supplying nutrients that fertilize three-quarters of  the 
biological production in the global ocean north of  30°S 
(Sarmiento et al., 2004)


3.  It may account for up to 70 ± 30% of  the excess heat that 
is transferred from the atmosphere into the ocean each year 
(see analysis of  IPCC AR4 models)


4.  Southern Ocean winds and buoyancy fluxes are the 
principal source of  energy for driving the large scale deep 
meridional overturning circulation throughout the ocean 
(e.g., Toggweiler and Samuels, 1998; Marshall and Speer, 
2012)
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The Southern Ocean and the deep ocean are warming


Figure 3.3: a) Areal mean warming rates (°C per 
decade) versus depth (thick lines) with 5 to 95% 
confidence limits (shading), both global (orange) and 
south of  the Sub-Antarctic Front (purple), centred on 
1992–2005. b) Mean warming rates (°C per decade) 
below 4000 m estimated for deep ocean basins (thin 
black outlines), centered on 1992–

2005. 


Warming Rate of  Southern 
Ocean (purple) and global 
ocean (orange)


Warming Rate 
of  deep ocean 
(>4000m)
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Column inventory of  anthropogenic CO2 in the oceans (after Sabine et al. 2002).

High inventories are associated with deep water formation in the North Atlantic 

and intermediate and mode water formation between 30°S and 50°S



(Feely and Sabine, http://www.pmel.noaa.gov/co2/PressConference.html)
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Global Ocean Circulation
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The Antarctic Circumpolar Current System


Courtesy: 

Lynne Talley
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Figure 11.15: CMIP5 projected changes [m/s] in zonal (west-to-east) 
wind at 850hPa for 2016–2035 relative to 1986–2005 under RCP4.5. 


Simulations of  the winds are getting better and are likely to continue 
their poleward shift over the near future.




“The average 2016–2035 SH extra-tropical 
storm tracks and zonal winds are likely to 
shift poleward relative to 1986–2005.”
Figure 9.19: Zonal-mean zonal wind stress over the oceans in (a) 

CMIP5 models and (b) multi-model mean comparison with CMIP3. 
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TOPEX
 CM2p6
 CM2p5
 ESM2M
 CM2p1


ACCESS1.0
 CCSM4
 CESM1-BGC
 CNRM-CM5
 CSIRO-Mk3.6
CanESM2


FGOALS-S2
 IPSL-CM5-LR
 MIROC5
 MRI-CGCM3
 NorESM1-M
FIO-ESM


Simulated Sea Surface Height (cm)
 Annual mean, 2001-2005


Observed
 GFDL


This is a different subset of  CMIP5 models 
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Drake Passage Transport:


SOSE (2008)

148.1 Sv


GFDL-ESM2M

133.7 Sv


BCC-CSM2

156.6 Sv


CSIRO-Mk3.6

108.2 Sv


CanESM2

154.6 Sv


HadGEM2-ES

172.1 Sv


MRI

115.5 Sv


GFDL-CM2.5

114.2 Sv


Annual mean, 2001-2005

Zonal Velocity

Values are net transport

    through Drake Passage
Zonal Velocity at 69°W


Frontal structure is not captured by lower resolution models
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Ocean Heat Content “Error” (Modern) �

 
(109 J/m2, difference from WOA2009)


SOSE
 CMCC
 CNRM
 CSIRO


ESM2G
 ESM2M
 IPSL-MR
 IPSL-LR


MIROC
 HadGEM2-ES
 MRI
 NorESM


All averages are for model years 1986-2005, SOSE is annual average for 2008
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Rate of  Uptake of  Heat by the Ocean (Future-Modern)�
(W/m2, over the next century [2081-2100 minus 1986-2005])


SOSE
 CMCC
 CNRM
 CSIRO


ESM2G
 ESM2M
 IPSL-MR
 IPSL-LR


MIROC
 HadGEM2-ES
 MRI
 NorESM
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Rate of  Uptake of  Heat by the Lower Ocean (below 2000m)�
(W/m2, over the next century [2081-2100 minus 1986-2005])


CMCC
 CNRM
 CSIRO


ESM2G
 ESM2M
 IPSL-MR
 IPSL-LR


MIROC
 HadGEM2-ES
 MRI
 NorESM
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Colum Inventory DIC Difference
 Annual mean (2001-2005)


GFDL-ESM2M
 CanESM2


MIROC-ESM


(mol/m2; Difference From GLODAP)


MRI-ESM1


Some of  the column 
inventory difference may 
reflect differences in the 
model bathymetry from 
observed
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Surface Water pH Difference
 Annual mean (2001-2005)


GFDL-ESM2M
 CanESM2


MIROC-ESM


(From GLODAP/WOA2001)


MRI-ESM1


Observed pH was 
calculated from the 
GLODAP TCO2 and 
Alkalinity and the 
World Ocean Atlas 
(2001) Temperature 
and Salinity using the 
formulas from Dickson 
(2007)
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Resolution
1°x1°

(~111 km)


1/12°x1/12°

(~10 km)


1/120°x1/120°

(~1 km)




http://www-pcmdi.llnl.gov/
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So ….. Climate Change Info for your House?	



We’re not there yet ……!
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….. but we’re working on it.!


