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Conclusions
• The continuous in-situ dataset from NOAA’s Tall Tower network of the 
past 10 years contains information about continental sinks and sources of 
CO2, CH4, CO and other molecules
•Private companies and other institutions are expanding measurements 
going forward, however, NOAA’s dataset for the past 10 years can be 
harvested and learned from
•Further examination of the data will reveal details about how these 
molecules respond to drought, floods, temperature anomalies, changes in 
transport patterns, changes in land use and other factors. There are more 
studies to do using these data!
•Flask samples at the tower sites are useful in determining sinks and sources 
of various other chemicals and long term trends in their atmospheric 
concentrations.

Introduction / Background
I joined NOAA’s GMD in 2004 and, with Arlyn Andrews, began the task of 
assembling and deploying instrumentation at new Tall Tower sites. The goal 
of the NOAA tall tower expanded network was and is to have an observing 
network that will reliably monitor the US carbon budget with regional-scale 
spatial resolution and accurate attribution of fluxes among major sources and 
sinks.  Now, nearly a decade after expanding the network (to 13 sites with 
regular flask samples and 9 with continuous CO and CO2, and 3 sites with 
continuous CH4) the data have been used as inputs to many models 
including Carbon Tracker and numerous other studies (see references & 
resources). Here I present an overview of the data from the past decade with 
a couple of case studies in this poster. 
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ABSTRACT
Partnerships	
  with	
  external	
  collaborators	
  have	
  enabled	
  the	
  NOAA-­‐ESRL-­‐GMD	
  Tower	
  network	
  to	
  maintain	
  13	
  tower	
  sites	
  with	
  regular	
  flask	
  samples	
  and	
  9	
  sites	
  with	
  continuous	
  in-­‐situ	
  Carbon	
  Dioxide	
  and	
  Carbon	
  Monoxide	
  sites	
  for	
  nearly	
  a	
  decade.	
  	
  Also,	
  
three	
  sites	
  include	
  continuous	
  Methane	
  measurements.	
  	
  A	
  summary	
  of	
  the	
  hardware,	
  an	
  overview	
  of	
  the	
  overall	
  trends	
  and	
  some	
  unique	
  characteristics	
  of	
  a	
  few	
  sites	
  are	
  highlighted.	
  	
  Seasonal	
  cycles	
  in	
  Carbon	
  Dioxide	
  across	
  the	
  network	
  are	
  shown,	
  
covering	
  the	
  time	
  period	
  since	
  the	
  tower	
  network’s	
  inception.	
  	
  Relationships	
  with	
  climate	
  conditions	
  and	
  anomalies	
  such	
  as	
  drought	
  are	
  explored.

Towers Carbon Dioxide
• Continental measurements show increased variability compared to the 
historic Mauna Loa Record of background CO2.  The variability reveals 
details about continental sinks and sources of CO2.  A few general features 
that emerge year over years are explained below.
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Hardware and Tower Sites
Air from high up on towers is drawn through special tubing to a shelter near 
the base of the tower where it is analyzed and/or collected in discrete flask 
samples. NDIR and cavity ring-down analyzers yield concentrations of CO2, 
CO and CH4. At sites with flasks, discrete  samples are taken daily or every 
other day and are shipped to and analyzed in Boulder.

Feature	
   Explanation

WGC	
  and	
  BAO-­‐highest	
  peak	
  in	
  early	
  and	
  late	
  year These	
  sites	
  are	
  close	
  to urban	
  sources	
  of	
  CO2	
  that	
  influence	
  their	
  averages	
  when	
  the	
  
tower	
  is	
  downwind.

WBI-­‐Has	
  the	
  Lowest	
  minimum The	
  largest	
  CO2	
  uptake	
  from	
  plants	
  occurs	
  in	
  the	
  northern	
  Midwest	
  and	
  may	
  be	
  
especially	
  enhanced	
  by	
   regional corn	
  growing	
  and	
  its	
  high	
  uptake

MBO-­‐ has	
  a	
  lower	
  maximum	
  than	
  all	
  other	
  sites Due to	
  its	
  west	
  coast	
  and	
  high	
  altitude	
  location,	
  it sees	
  less	
  continental	
  influence	
  from	
  
CO2	
  sources

WKT,	
  SCT,	
  WGC,	
  BAO	
  and	
  MBO	
  have	
  higher	
  seasonal	
  
minimums

Air	
  making	
  it	
  to	
  these	
  see	
  less	
  drawdown from	
  North	
  American	
  vegetation	
  than LEF,	
  WBI,	
  
SNP,	
  

2010	
  and	
  2012	
  show less	
  summertime	
  drawdown. 2012	
  was	
  a	
  drought	
  year	
  for	
  the	
  Midwest	
  translating	
  to	
  less	
  CO2	
  uptake	
  from	
  plants

Moving average (30days) of 2-hour afternoon average CO2 concentration

Average of all seasons (past 
10 years) of afternoon 

average

CO2 Drought Response 2012
• 2012 started out warmer and wetter causing increased CO2 uptake in April 
and May, but by mid-July an “extreme drought” set in, halting the uptake 
and resulting in a higher minimum in the CO2 nationwide in 2012. The tower 
data could be used to quantify the CO2 response to temperature and 
precipitation.  

Severe
drought

warm

wet

High Resolution CO2
• The daily CO2 cycle is captured at towers.  At night respiration and no 
mixing allow buildup of CO2 in the shallow nighttime boundary layer.  
During the day (especially on sunny days), the atmosphere mixes so that 
there is only a small vertical gradient.  Also during the growing season CO2
uptake from photosynthesis is seen in decreasing concentrations during the 
daytime.

CO2 uptake due to 
photosynthesis

Respiration of CO2
from plants and 

soils

Towers Carbon Monoxide
• The long-term record (left) reveals the seasonal cycle over the continent 
with occasional high CO events primarily from fires.  BAO and WGC are 
close to large urban areas and see higher average wintertime concentrations.

Towers Methane
The WGC and LEF towers have the longest in-situ record for methane.  As seen below, 
WGC and LEF show considerably different behaviors.  The WGC tower is in the central 
valley of California and sees large enhancements in the winter months at the lower 
levels. A shallow boundary layer and proximity to sources of methane (most likely 
predominantly livestock, but wetlands and landfills may also contribute) allows 
accumulation.  LEF sees smaller enhancements in the winter months at the lower levels.
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1 AMT Argyle,	
  ME 45.035 -­‐68.682 Harvard,	
  U	
  of	
  ME,	
  USFS 50 12,	
  107 9/2003	
  -­‐	
  > x x x x
2 BAO Erie,	
  CO 40.050 -­‐105.010 University	
  of	
  Colorado 1584 22,	
  100,	
  300 4/2007	
  -­‐> 5/2017 x	
   x x x x
3 ITN Grifton,	
  NC 35.350 -­‐77.380 9 51,	
  123,	
  496 	
  5/1992	
  -­‐	
  5/1999 x x x x x
4 LEF Park	
  Falls,	
  WI 45.945 -­‐90.273 Penn	
  State,	
  U	
  of	
  WI,	
  USFS 472 30,	
  244,	
  396 5/1994	
  -­‐	
  > x x x x x x
5 MVY MarthasVineyard,	
  CA 41.725 -­‐91.353 Woods	
  Hole 0 10 	
  5/2004	
  -­‐	
  > x x
6 MWO Mount	
  Wilson,	
  CA 38.265 -­‐121.491 UCLA,	
  Mount	
  Wilson	
  Institute 1727 42.3 '5/10 x x
7 SCT Beech	
  Island,	
  SC 31.320 -­‐97.330 SRNS 115 30,	
  61,	
  305 8/'08-­‐> x x x x x
8 SNP Shennandoah	
  National	
  Park 33.406 -­‐81.833 University	
  of	
  Virginia 1008 5,	
  10,	
  17 8/'08-­‐> x x
9 STR San	
  Fransisco,	
  CA 38.617 -­‐78.347 LBNL 254 232 9/'07	
  	
  -­‐	
  > x
10 WBI West	
  Branch,	
  IA 37.755 -­‐122.452 University	
  of	
  Iowa 242 31,	
  99,	
  379 7/'07	
  	
  -­‐	
  > x x x x
11 WGC Walnut	
  Grove,	
  CA 34.225 -­‐118.059 LBNL 0 30,	
  91,	
  483 9/'07	
  -­‐	
  > x x x x x
12 WKT Moody,	
  TX 41.325 -­‐70.567 251 30,	
  122,	
  457 2/2001	
  -­‐	
  > x x x x x
13 MBO Bend,	
  Oregon	
  (Mt	
  Bachelor) 43.977 121.686 University	
  of	
  Washington 9000 11.3 10/2011	
  -­‐> x x x x
14 MSH Mashpee,	
  MA 41.657 -­‐79.497 Earth	
  Networks 32 10,	
  20 5/16x* x* x
15 LEW Lewisburg,	
  PA 40.944 Earth	
  Networks 166 10,	
  30 2/2013-­‐> x* x* x

*	
  Not	
  NOAA	
  measurements


