
12.812 General circulation of the atmosphere and climate change 

Section 1: Data, averaging, and equations 

1. Observational data

2. Space-time averaging and decomposition

3. Dynamical equations



Observational data needed for studies of the 
General Circulation

• Overall global coverage (both over land and ocean)

• Observations at least through the depth of the 
troposphere (and ideally including middle 
atmosphere)

• Well resolved in time and space to calculate eddy 
quantities accurately (~4 times daily, ~100km)



Observational data for studies of the General Circulation

• Rawinsonde (upper-air temperature, wind speed/
direction, humidity) 

• Surface reports over land and ocean

• Remote sensing: satellite retrievals of temperature, 
humidity, column water vapor, feature tracking for 
winds

Examples of data sources:



Observational data for studies of the General Circulation

• For calculation of statistics need to make consistent 
gridded data (analysis of the observations)

• Data sparseness in space and time is a major issue



Observational data for studies of the General Circulation

• Atmospheric figures in textbook by Peixoto and 
Oort based on spatial interpolation and 10 years of 
data (1963-1973)

• Modern method is to combine the data with an 
atmospheric general circulation model using data 
assimilation (includes analysis and initialization) 

• Goal is minimization of discrepancy between 
observations and model variables (e.g., 3D or 4D 
var)



Reanalysis

• Model is held fixed over long time period but 
observational inputs vary

• Reanalysis was pioneered by Eugenia Kalnay (first 
woman to get a PhD in meteorology at MIT) and are 
now very popular

• Modern reanalyses: NCEP2, CSFR; ERA40, ERA interim, ERA5; 
MERRA, MERRA2



Uppala et al, QJRM 2005

Timeline of observations assimilated in ERA40



Uppala et al, QJRM 2005

Number of observations by type assimilated in ERA40



Uppala et al, QJRM 2005

Solid circle: at least 3 reports per 2 days

Availability of radiosonde reports



Uppala et al, QJRM 2005



Chatham MA (CHH-74494)  



“20th century” reanalyses

• Use only surface data which has the advantage that it 
goes back further in time and is more homogeneous in 
time (20CR, ERA-20C)

• 20th century reanalysis project (20CR, Compo, 2010): 

- only assimilates SST, sea ice, and surface pressure 

- V3 is from 1836-2015! (3DVar would be hopeless 
because of lack of upper air observations)



Comparison of two reanalysis products

Grotjahn, 2008



Grotjahn, 2008



Grotjahn, 2008
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Use of reanalysis products for climate change

• Care is needed if using reanalysis for trend analysis 
(although model held fixed, very different observations 
used over time)

• Advisable to use only after 1979 and important to 
compare to observations where available
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FIGURE 3 | Top 2 panels: monthly temperature anomalies
(smoothed with a 13-point running average) during 1958–2009 from
radiosonde observations at Camborne, Cornwall, UK, at 200 hPa
(near-tropopause) and 700 hPa (lower-troposphere), including both raw
(black) and adjusted (green) HadAT data.7 The smoothed difference
series between the two shows the adjustments (offset by 2.25 K).
Bottom panel: the four radiosonde types used over this period (typical
of UK-managed stations) are (left to right, with typical periods of
operation): Phillips Mark IIb (1950s–1970s); Phillips MK3 (mid 1970s to
early 1990s); Vaisala RS-80 (early 1990s to 2005–2006); and Vaisala
RS-92 (since 2005–2006). Dates of radiosonde changes (red dotted
lines) are one sort of ‘metadata event’,5 others include:
cross—radiation correction procedure change; star—data cut-off
change; diamond—change of pressure sensor; triangle—change of
wind equipment; square—change of relative humidity sensor. Photos
courtesy of Kevin Linklater, UK Met Office and background digitally
enhanced for clarity by Sara Veasey NOAA NCDC.

MT channel at different view angles9 to obtain data
representing the lower troposphere (LT), and statis-
tical recombination (labeled *G) of MT and LS to
remove the LS influence10 (Figure 4). MSU was car-
ried on a series of satellites starting in late 1978; it
was superseded by Advanced MSU (AMSU) in 1998,
although MSU continued to operate until 2005, offer-
ing a substantial overlap (Figure 5).

We briefly mention reanalyses, special hybrid
data products created by combining as much
observational data (including nontemperature data)
as are available using data assimilation schemes.11–13
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FIGURE 4 | Left: Vertical weighting functions for satellite products.
Right: Schematic of atmospheric vertical structure and its latitudinal
variation. The line at 30 hPa indicates the typical maximum height of
historical global radiosondes data coverage. Because LT and *G involve
combining data from other layers, they have negative weightings in
parts of the atmospheric column. Adapted from Climate Change Science
Program Synthesis and Assessment Product 1.1.2

Several erroneous findings using free-atmosphere
trends from first and second generation reanalysis
products have occurred (e.g., Refs 14–17). The
recent Climate Change Science Program report on
free-atmosphere temperatures2 concluded that ‘trends
arising from reanalyses [. . .] are not always reliable’,18

and we consider such studies sparingly. We note,
however, that the latest and future products may well
be suitable (or indeed invaluable) for characterizing
some free-atmosphere temperature changes.18–22

MODELING TEMPERATURES IN THE
ATMOSPHERE
Numerical models vary in complexity depending
on the number of separate, interacting subsystems
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FIGURE 5 | Satellite Local Equatorial Crossing Times (LECTs) (pm
for ascending/northward and am for descending/southward satellite
orbits) for MSU instruments (TIROS-N to NOAA-14) and subsequent
AMSU instruments (all other satellite platforms). Changes in LECTs
typically accompany changes in orbital height and viewing
geometry.Courtesy of Carl Mears, Remote Sensing Systems.
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RSS website

To obtain long time series, need to piece together data 
from multiple satellites (and orbits of satellites can change)

Ascending Local Equator Crossing Times: F10, F11, F13, F14, F15, F16, F17, AMSR-E, WindSat 

Descending Local Equator Crossing Times: F08, QuikSCAT 



Comparison of temperature trends over 1979-2016 for 
JJA in the northern hemisphere
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Figures courtesy 
Charles Gertler

Radiosonde trends and subsampled ERA-interim trends are median trends over radiosonde station locations in 10 degree latitude bands; 
All others are zonal means


