
Atmospheric Sciences 321 
Science of  Climate 

Lecture 21:  
Natural Variability:  Chapter 8  



Community Business 
�   New Chapter 8 of  book.  Only on Web page 

�  Then skip to Chapter 11, Natural Climate Changes of  
the Past. 

�  Homework #6 Answers on Assignment page.  Please ask 
if  you cannot understand. 

�  Homework #7 is due Wednesday  

�  Seven lecture periods left after today that will be 
primarily on Chapters 11 and 12.  Past and Future 
Climates 

�  Questions? 



Web Animations 
�  This one is the atmosphere, actual data 

�  http://earth.nullschool.net/ 

�  This one below is ocean modeling.  We can’t 
actually observe the ocean at these scales. 

�  https://www.youtube.com/watch?v=xusdWPuWAoU 



Time Scale 
�  We can divide the variability of  the atmosphere up 

into frequency ranges by filtering in time. 

�  First we remove the climatology, the average annual 
cycle 

�  less than 7 days  (1-7 days)  Synoptic Scale 

�  7 to 30 days, intermediate time scale 

�  greater than 30 days, low frequency variability. 



500 hPa height field : Standard Deviation 
500 hPa height is single variable that best characterizes tropospheric flow. 
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500 hPa height field : Standard Deviation 
500 hPa height is single variable that best characterizes tropospheric flow. 
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Structure of  Variability 
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SAM in Zonal Wind 
�  SAM is a north-south shift of  the eddy-driven 

extratropical jet. 

�  It responds to the 
the ozone hole and  
global warming, by 
shifting south. 

�  Its shifts affect the 
Ocean Circulation 

�  EOF 2 is not as 
persistent 
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The Madden-Julian Oscillation 

�  Slow eastward 
progression of  
precipitation 
anomalies near the 
equator in the 
Indian and Pacific 
Oceans, 30-60 day 
period. 

�  At left are some 
OLR anomalies 

�  Biggest 
intraseasonal 
variability of  
global atmosphere 
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MJO 
EOF-1 200hPa

EOF-1 850hPa

EOF-2 850hPa

EOF-2 200hPa

Contours are OLR 
anomalies, black is 
negative anomaly, and 
so represents clouds 
and rain, red is 
suppressed rain. 
 
Vectors are winds at 850 
and 200hPa 
 
EOF 2 happens after 
EOF 1 and so together 
they represent the 
eastward propagation of  
an equatorial wave 



MJO 

Blue is low OLR, 
means more clouds 
and rain, 
red is dry 
 
It moves from Indian 
toward Pacific Ocean 
 
Big effect on tropics, 
also sends a signal 
out to extratropics 



El Niño – Southern Oscillation (ENSO) 

�  ENSO is the global pattern of  weather-climate 
anomalies associated with coupled ocean-
atmosphere interactions in the tropics. 
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SST on 
Equator 
vs Time 
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Big variations in the 
Eastern Pacific that last 
a year or more. 
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Also a trend 



Niño – Power Spectrum 
�  A power spectrum is the variance as a function of  

frequency. 
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Fig. 8-9  Power spectrum of  the Niño-3 index, the anomalies of  SST averaged over 5S 
to 5N and 90W to 150W.  The annual cycle and linear trend were removed before 
computing the spectrum from the monthly data from 1886 to 2013.  The period is just 
the inverse of  the frequency in cycles per year, so 0.2 cycles per year corresponds to a 
period of  5 years.  The greatest variance is associated with periods between 3 and 5 
years.  Data from the NOAA ERSST data set. 



OLR regressed onto Niño-3 Index 
Nov-March

May-Sept

Fig. 8-10  Regression of  monthly OLR anomalies with the Niño-3 index of  SST for 
the November to March (top) and May to September (bottom) seasons.  Contour 
interval is 2 Wm-2, the zero contour is not shown.  Negative values are shaded blue 
and indicate reduced OLR, enhanced high cloud and increased precipitation.  
Based on NOAA interpolated OLR from June 1974 to 2013.   

Red means less rain 
blue means more rain 



500 hPa Anomalies 
The extratropical response to ENSO precipitation anomalies 

�  Extratropical 
Wavetrains 

Nov-March

May-Sept

Nov-March
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Fig. 8-11  Regression of  monthly 500 hPa height 
anomalies with the Niño-3 index of  SST for November 
to March (top) and May to September (bottom) 
seasons.  Contour interval is 2 meters, the zero 
contour is not shown and positive values are shaded 
red.  Based on NOAA 20th Century Reanalysis and 
NOAA Extended SST data sets from 1871 to 2013. 



ENSO SST SIGNATURE 
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Fig. 8-12 The structure 
of  El Niño.  (Top) The 
spatial pattern of  
ENSO; the Regression 
of  monthly SST onto 
the first EOF of  global 
SST from 1880 
through January 2015.  
Contour interval is 
0.1K, positive 
anomalies are red and 
the zero contour is in 
white. (Bottom) The 
time structure of  
ENSO; time series of  
the amplitude of  the 
spatial pattern in units 
of  standard deviations. 



�  Annual Mean 
SST 
distribution 

SST Climatology 

Warm Pool 

Cold Tongue 



Atmosphere on Ocean 
�  The vertical 

velocity in 
Atmosphere, vs 
the potential 
temperature in 
the ocean, along 
the equator, 
annual mean. 
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El Niño and La Niña 



El Niño and La Niña 



El Niño and La Niña 



El Niño and La Niña 



ENSO 
Warm 
Event 

�  We are 
transitioning 
from La Niña to 
El Niño 

�  El Niño is 
predicted to 
maintain for a 
year or so. 

�  End of  CA 
drought?? 



Current SST Anomalies in Pacific 



Subsurface Heat Anomalies 



OLR and Wind Anomalies 



Forecasts 



Pacific Decadal Oscillation PDO 
Just the low frequency signature of  ENSO 
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Fig. 8-13 The structure of  
the PDO.  (Top) The 
spatial pattern of  the 
PDO; the Regression of  
monthly SST onto the 
first EOF of  SST north of  
20˚N in the Pacific from 
1880 through January 
2015.  Contour interval is 
0.1K, positive anomalies 
are red and the zero 
contour is in white. 
(Bottom) The time 
structure of  the PDO; 
time series of  the 
amplitude of  the spatial 
pattern in units of  
standard deviations. 



Atlantic Multidecadal 
Oscillation AMO 
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Fig. 8-14 The structure of  
the AMO.  (Top) The spatial 
pattern of  the AMO; the 
Regression of  monthly SST 
onto the first EOF of  SST 
north of  20˚S in the Atlantic 
Ocean from 1880 through 
January 2015.  Contour 
interval is 0.1K, positive 
anomalies are red and the 
zero contour is in white. 
(Bottom) The time structure 
of  the AMO; time series of  
the amplitude of  the spatial 
pattern in units of  standard 
deviations. 



500 hPa Signal of  PDO and AMO 

a) PDO b) AMO

Fig. 8-15  Regression of  the 500hPa height anomalies from the Twentieth Century 
Reanalysis onto the time series of  the a) PDO and b) AMO time series during the 
November through March season.  Contour interval is 3m, positive contours are 
red.  Thin magenta contours indicate the seasonal mean height field. Polar 
stereographic projection. 



New Topic: Natural Climate Change 

�  Solar Variability 

�  Volcanic Eruptions, Asteroid impacts 

�  Orbital Parameters 



Total Solar Irradiance 
�  The solar constant 1361 Wm-2 at average distance 

of  Earth from Sun.  This is down from estimate in 
1994. 

�  TSI varies with sunspots, more spots higher TSI, 
but only by 0.1% 

�  Spots are darker and colder, but bright spots 
around dark spots slightly over match the dark 
spots, giving a net increase. 

�  Shorter wavelengths vary more than total energy 
flux, thus lots of  sunspots means more high energy 
photons and particles. 



Total Solar Irradiance 
�  The solar constant 1361 Wm-2 at average distance 

of  Earth from Sun.  This is down from estimate in 
1994. 

�  TSI varies with sunspots, more spots higher TSI, 
but only by 0.1% 



Electrical Substitution 
Radiometer 

(AKA Active Cavity Radiometer) 

�  A reference cavity 
radiometer and a 
measurement one are 
maintained at the same 
temperature. 

�  When one is exposed to 
the sun, you know how 
much energy you have to 
supply via electrical 
resistance heating to 
maintain the temperature, 
and hence the amount of  
energy being lost out the 
space view. 
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maintained at the same 
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�  When one is exposed to 
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Total Solar Irradiance 

�  The solar constant 1361 Wm-2 at average distance 
of  Earth from Sun.  This is down from estimate in 
1994. 

�  TSI varies with sunspots, more spots higher TSI, 
but only by 0.1% 

Note most recent solar 
maximum is weak,  
if  calibration is correct 



Sunspots & TSI 
�  Sunspots have been observed a long time. 

�  You can use the relationship between sunspots and 
TSI in the previous figure to estimate TSI values 
prior to observations of  it. 

1 Wm-2 



TSI forcing since Preindustrial Times 

�  1 Wm-2 TSI change is about 0.175 Wm-2 Climate Forcing 

�  Compared to 4 Wm-2 for doubling CO2 or about 2.7 
Wm-2 human forcing since 1750. 

�  It is small, unless high energy stuff  does more than 
expected.  Shortwave uv does affect ozone production in 
stratosphere. 

ΔForcing = ΔS0
4

1−α p( ) = 1Wm
−2

4
1− 0.3( ) = 0.175Wm−2



√ Volcanic 
Eruptions 

and 
Climate 



Volcanic Eruptions 
�  Volcanoes can spew large amount of  SO2, sulfur 

dioxide gas into the stratosphere 

�  Where it is oxidized a couple times to form sulfuric 
acid H2SO4, which condenses into tiny droplets that 
reflect solar and absorb infrared. 

�  The net effect of  these small droplets is to reflect 
more solar radiation than they trap IR. 

�  Even if  they absorb solar radiation, they do so 
above the water vapor greenhouse and so cool the 
surface. 



Volcanic Eruptions 
�  To be effective at cooling the climate, volcanic 

eruptions must 

�  1.  Be explosive, so they throw a lot of  stuff  into the 
stratosphere. 

�  2.  Contain a lot of  sulfur, so that they form lots of  
sulfuric acid aerosols in the stratosphere. 

�  3.  It’s best for cooling if  they occur in the tropics 
where,  
�  a.  there is lots of  solar radiation to reflect 
�  b.  The aerosols stay longer in the atmosphere, since 

the stratosphere is flushed out in high latitudes in the 
Brewer-Dobson circulation 



Volcanic Aerosols 
�  SO2 is the big item, most other stuff  falls out 



Volcanic Eruptions 

�  History of  eruptions 

�  Quantitative observations only for past two major 
eruptions. 



Radiative Effects 
�  Net Cooling 



Quantitative Assessment 
�  We had a very good observing system for Pinatubo 

in 1991, when we were measuring both the 
aerosols (SAGE) and the Earth’s Energy Balance 
(ERBE). 

�  We can test our models to see if  they produce the 
observed response. 

�  We can test the effect of  feedbacks like water vapor 
feedback, and the model simulation of  them. 



Quantitative Assessment 

�  We had a very good observing system for Pinatubo 
in 1991, when we were measuring both the 
aerosols (SAGE) and the Earth’s Energy Balance 
(ERBE). 

�  We can test our models to see if  they produce the 
observed response. 

�  We can test the effect of  feedbacks like water vapor 
feedback, and the model simulation of  them. 

Soden, et al. 2011, Science 



Model Tests 
�  Observed and predicted Temperature and Humidity 

Response 

�  Model gets Surface response and atmospheric 
vapor response as observed. 
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Model Validation 
�  Water vapor feedback is important to getting the 

surface response correct 



Model Validation 
�  Water vapor feedback is important to getting the 

surface response correct 



Thanks! 


