
Google Doc projects 1.2:  Exploring NCEP atmospheric reanalysis data
GFD-1 Winter 2011   1 Feb 2011     to be revised frequently (stay tuned). We will load some ocean data and 
more NCEP data shortly. 

Some informal ideas related to NCEP atmospheric data.  The idea is to explore this data with 
Matlab (or other plotting/calculating tools available), and write your findings as a ‘journal’ in your 
Google Doc.  Don’t try to do everything, just pick out an idea or two.

1.  Make line plots of  dynamic height (Z) on const. pressure surfaces (essentially the pressure along 
horizontal surfaces) along meridians of  longitude, pole to pole, describe their main features and 
seasonal variation.  

2.  Space-time plots are extremely useful.  Try making a pcolor plot against latitude and time of  Z at 
250 HPa (the top of  the troposphere).  Pick a couple of  interesting longitudes.  What events show 
up?  

 
3.  Color contour plots (often with contour lines 

superimposed on them) are produced with 
      pcolor(..) as described in the earlier 
(ncep2010data-gfd1.pdf) posted on the GFD1 
website and attached below. Advanced plots 
involving potential vorticity (PV) are available at UW 
Atmos.   
      Sci. site: http://www.atmos.washington.edu/
~ovens/loops/wxloop.cgi?ipv295_pres+/-168//
      and these will become increasingly interesting as 
we look at PV in class.   
          

4.  Section plots (with axes latitude-pressure or 
longitude pressure) can show you vertical 
structure, and explore thermal wind balance,  jet 
stream size and shape and volume transport. 
Animated, these sections can show you how the 
upper level (high-energy, high-speed) winds at the 
jet stream level  ~ 250Hpa interact with the near surface ~ 1000 Hpa or 850 Hpa winds and 
temperatures.  How does the 3-month average (summer or winter) of  these fields compare with 
the instantaneous snapshot?  

5.  If  you have braved the installation of  M_MAP mfiles, look at maps of  Z1000 (Z at 1000 HPa),    
     Z500, Z250, Z50 and think about the variation in the circulation with height.  What does thermal   
    wind balance tell you?  Look at wintertime average ( something like mean(Z(:, :, 9, 1:360),4)  )   
    fields as well snapshots (fields at one time).  This can be done with x,y maps or sections or 
Hovmoeller x,t or y,t plots.
        How is the kinetic energy of  the circulation distributed vertically and horizontally? The winds 
often increase right up to the stratosphere (look here at a map view over the North Pole..with 
Matlab or the basic weather loops at atmos.washington.edu). But be sure to multiply squared velocity 
by density ρ to get kinetic energy. Play with the m_map commands to explore different   
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    regions (these are set to look at the northern Atlantic region and Europe):

   m_proj('satellite', 'lon',300,'lat', 65)  %% sets type of projection and 
   m_pcolor(lon,lat,z(:,:,1,1)'); shading interp
   colorbar
   m_grid('xaxislocation','middle');         %% draws grid
   m_coast('color','b','linewidth',1)   
    
   Here you might have instead 
   m_pcolor(lon,lat,double(zint(:,:,1,1)*scalefac+offset’)’ ); shading interp
instead if  you are using a version of  the data that is stored as 16 bit integers (which I named         
zint ( )    )rather than double 
precision floating point numbers (to 
save space in your computer).  

6.  Today (1 February 2011) the 
temperature in Oklahoma City is 
hovering in the single digits (~ 
-10C=14F) with very strong winds 
and heavy snow.  How do these 
conditions compare with San Diego 
at the same latitude?  It was ~80F 
(= a few days earlier What GFD 
ideas come into play in these events 
with cold Canadian air flowing 
south, just east of  the Rocky Mts?  
(Look for cold air outbreaks/
northerly (=southward) flow events 
in the NCEP winter data).  And go 
to 

www.atmos.washington.edu~ovens/
loops   , for example
          http://www.atmos.washington.edu/~ovens/loops/wxloop.cgi?npole_h500_slp+/-168//
What events at the large (hemispheric-) scale accompany these cold-air outbreaks in the central US?

7.   Earth’s topography. What is the relationship between atmospheric circulation and Earth’s 
topography?  You can look at for example wintertime-mean dynamic height fields and see how they 
seem to relate to mountain chains and large ‘massivs’ or plateaus at the very large (hemispheric) 
scale.  How does this apparent influence vary with height?  { Note that near the ground the data is 
somewhat compromised: either sea-level pressure (available as a separate field at NCEP) or Z1000 at 
1000HPa is extropolated downward in regions of  high topography:  Greenland is 3km high and so 
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neither SLP nor Z1000 exists there!  Data sets to plot topography with your NCEP data are widely 
available. One is ETOPO20 (20 nautical mile resolution that is 2 minutes of  latitude resolution or ~ 
1.8 km… a small file)   which I have set up as a .mat Matlab file at
                  http://www.ocean.washington.edu/courses/oc512/etopo20.mat
{ pcolor(lonn,latt,hh), shading interp, colorbar  }. 
     Try plotting meridional sections showing the topography (at a single longitude) with the zonal 
winds and constant T or constant θ surfaces on the same plot… choose longitudes with interesting 
topography (Himilayan Plateau, Andes, Rockies, Greenland).

   Much higher-resolution topography is available thanks (over oceans) to the remarkable use of  the 
ocean satellite altimeter combined with classic bathymetric data and with direct radar sensing over 
land.
ETOP2 (2 n.m resolution, big file) is at 
                  http://www.ngdc.noaa.gov/mgg/image/2minrelief.html
or ETOP1 at 1 n.m. resolution
                 http://www.ngdc.noaa.gov/mgg/global/global.html

8.  Storm tracks and Earth’s oceans.   How do oceans affect atmospheric circulation?  Consider the
 wintertime mean (say Jan-Feb-March...you could add Dec too either by using Dec 2010 or going to 
NCEP and getting Dec 2009).  Both mountains/plateaus of  topography and land/sea contrast in 
the lower boundary conditions affect the stationary waves and paths of  storms (low pressure 
centers).  Have a look at the ‘storm tracks’ where kinetic energy and meridional windspeed is large in 
the instantaneous data.  These could be mapped or you could go further by subtracting the winter-
mean Z1000 (the ‘stationary waves’ plus zonally averaged winds) from the time-dependent Z1000 
and forming the KE of  that difference (which is the ‘transient eddy KE or TKE’). Do the same at 
the jet-stream level (Z250, say).   Later on you could look at both wind-stress at the Earth’s surface 
and buoyancy flux from surface to  atmosphere which relate to this question.   What is the global 
pattern of  TKE?  What are the paths of  individual storms like?

   Now that we have brought up storm tracks, try making a Hovmoeller plot (longitude and time 
axes) of  the meridional wind (v) for various latitudes, through the year.  Do you see any sign of  
storms moving eastward and clusters of  storms appearing?  This relates to a fascinating discovery 
recently which I like to call the ‘billiard-ball’ effect.  More about this later.
   
9.  On the Web:

NCEP data is available for downloading in netCDF format at

http://www.esrl.noaa.gov/psd/data/reanalysis/reanalysis.shtml

    Basic global datasets. The usual unit is 1 year, 1 variable:  144 longitudes x  73 latitudes x 17 pressure 
levels x 1460 times (4 times daily) or ~ 520 Mbytes per unit.  Daily average data (less useful for 
either animations, timeseries or instantaneous snapshots) but still very good for exploring is 1/4 this 
size.  

    Subsets of  data. These are such big datasets (you want at least 2 variables, or maybe 6...like Z, u, v, 
omega [vertical velocity], T, specific humidity ). You can download just a subset of  this data (say, 
northern hemisphere, 1 variable, 1 pressure level which is 1/68 as big a file); see
http://www.esrl.noaa.gov/psd/data/gridded/howtosub.html   Look for this icon
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   with the link ‘make plot or subset of  data’.  It is not clear however how to select 
pick multiple pressure levels that are not contiguous. 

    Matlab. Matlab’s netCDF instruction set is new in ~ 2010 and takes some learning; they do not 
have the famous ncdump command which reads out the descriptive header, including a scalefactor 
and offset.  This is essential because the data is stored as integers which need to be converted:  
     truevalue = storedvalue*scalefactor + offset

I found a workaround mfile ncdfread.m from Ryan Eastman at UW Atmos Sci which allows you to 
read the header with some work. It is available at the Mathworks website or from him.  Once you do 
the setup work Matlab is a great tool for creative exploration.

   Online plots. You can also make plots online for example at http://www.esrl.noaa.gov/psd/map/
time_plot/

    UW’s Atmos. Sci. web access to data is very good for recreating sets of  map fields and viewing 
animations of  both satellite IR temperatures, visible light images, water vapor, and model forecasts/
hindcasts, radar loops showing rainfall, MM5 regional high resolution maps and cross-sections of  
many kinds .. 
http://www.atmos.washington.edu/weather/more.shtml

    Time series and a limited set of  maps can be created online at the Dutch KNMI site’s Climate 
Explorer:  
http://climexp.knmi.nl/start.cgi?rhines@ocean.washington.edu

    Other plot softward. The NOAA oceanographers (notably Steve Hanken) in Seattle PMEL have built 
a fine mapping tool that loves gridded netCDF data, with none of  the Matlab hassles:  Ferret     
http://ferret.wrc.noaa.gov/Ferret/  It is not as general as Matlab for doing calculations but is very 
very quick for plots and simple calculations. 

--
===========================
Earlier document handed out and posted on website:

GFD1  23 Jan 2011    Plotting NCEP atmospheric data in Matlab

%% The Matlab file  ncep-data-2010.mat contains daily average 
data for 2010,
 %% for the variables z, u, v, te, lat, lon, t on constant 
pressure levels (the variable p in HPa...or millibars)
 %% which are dynamic height (m), east vel (m/sec), north vel 
(m/sec), temperature (not potential temperature), lat 
 %% (deg), lon (east longitude, deg), time (hrs since 30 Dec 
0000).  theta (pot. temp) and density can be calculated from the
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ideal gas equation of state.
 %% from NCEP reanalysis data at www.cdc.noaa.gov
   load ncep-data-2010.mat
 %% To get the calendar date from t use
 timestring=datestr(t/24+datenum('30-Dec-0000')) %% test for 1 
Jan 2010
 %% (there is some confusion over these weird dates used by NCEP
 %% check dimensions of arrays
 size(z)       % ...lon lat level time .. 144 73 17 365 
 %%  test plots
 %     near surface dynamic height (1000 HPa)
   contour(lon, lat, z(:,:,1,1)', 25);  %NOTE: transpose ( )' 
gets lat,lon correct ...note Matlab sometimes requires a
squeeze statement so it understands this is 2D as in the next 
line.
   contour(lon, lat, squeeze(z(:,:,1,1))', 25);      
 %     upper troposphere (150 HPa)
   contour(lon, lat, z(:,:,9,1)', 25);
 %      color shading  
   pcolor(lon,lat,z(:,:,9,1)'),shading interp; colorbar
 %      
 % north-south plot at 1 Jan and 60W longitude (lon=300E which 
is index 121)
   plot(lat,squeeze(z(121,:,:,1)))  % squeeze is needed to tell 
%Matlab this is just 2 dimensional 
   title(‘z vs. latitude at all 17 levels, 1 Jan 2010’)
% this is many 1D plots
 
%      movie of dyn height z at jet stream level  250 HPa
       figure
       hold off
       pcolor(lon,lat,z(:,:,9,1)'),shading interp
       caxisfixed=caxis; colorbar
 for it=1:365
        pcolor(lon,lat,z(:,:,9,it)'),shading interp
        caxis=caxisfixed;
         timestring=datestr(t(it)/24+datenum('30-Dec-0000'));
         title(timestring)
         drawnow
 end
 %   plot u-wind at all levels, longitude 60W on 1 Jan 2010
        plot(lat,squeeze(u(121,:,:,1))), grid
        title('zonal velocity at each pressure level, 1 Jan 2010 
60W')
 %   contour it
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        pcolor(lat,-p,squeeze(u(121,:,:,1))'),shading 
interp,colorbar
        title('zonal velocity vs. latitude and pressure, 1 Jan 
2010, 60W longitude')
   
%%%%%% The following is optional but very useful set of m-files
%% for making more interesting lat/lon plots...  
%%  getting a good map projection and continental outlines with 
M_MAP %%%%%
%%%%%%%%%%%%%%%%%%%    M_MAP set of m-files version 1.4  %%%%%%%
%%%%%%%%%%
%%%%%%%%%%%%%     http://www.eos.ubc.ca/~rich/map.html   %%%%%%%
%%%%
 
%% 1.  create a folder m_map 
%% 2.  download m_map as a .zip or tar-file; uppack and put  
%%              into your m_map folder
%% 2.  add this  m_map folder to your matlab path...try help 
m_contour
%%              to see that it's there
%% 3.  visit the m_map website of Rich Pawlowicz to learn more
%% 4.  set up the plot with commands similar to the following:
 
 
  m_proj('satellite', 'lon',300,'lat', 65)  %% sets type of 
projection and 
  m_pcolor(lon,lat,z(:,:,1,1)'); shading interp
  colorbar
  m_grid('xaxislocation','middle');         %% draws grid
  m_coast('color','b','linewidth',1)        %% draw coastlines
 %%
 %%  add contour lines
  hold on
  m_contour(lon,lat,z(:,:,1,1),25,'k');   %% it seems necessary 
to specify
                                          %% the color (here 
black 'k').
  %%   explore shading                              
  spinmap       %% explore shading
  caxis         %% find limits of color palette
  caxis( [8600 9400] ); colorbar   %% reset color range
   %%  make animation
  for it=1:50
      m_pcolor(lon,lat,z(:,:,1,it)'), shading interp
      m_grid('xaxislocation','middle');         %% draws grid
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      m_coast('color','b','linewidth',1)        %% draw 
coastlines
      drawnow
      timestring=datestr(17610576/24+datenum('30-Dec-0000')) %% 
seems to work
      title(['time ' timestring ])
  end
  
  
  
      
      
      
 
%%  viewpoint (lat,lon)
m_grid('xaxislocation','middle');         %% draws grid
%m_coast('patch',[1 .85 .7]);             %% adds continents as 
patches
m_coast('color','b','linewidth',1);       %% or as lines
%% m_elev('contourf',[500:500:6000]);     %% use this if you 
want the
                                          %% earth-topography to 
be contoured
m_grid('box','fancy','tickdir','in');     %% details
 
colormap(flipud(copper));                 %% color map for 
pcolor plot
m_grid('xaxislocation','middle');
m_pcolor(lon,lat,z(:,:,1,1)’), shading interp


