
Date

C
O

 p
pb

750 800 850 900

0

50

100

150

200 Mxr
Km67

5-day means of CO

Dec Jan Feb Mar Apr May Jun Jul

2003

*
*

*

*
* *

*
*

*
* * *

*
*

*
*

* *
*

*

*
* * *

* * * * * * * * *
* * * *

* * * *

* *
*

*

* *

* *
* *

*
*

*
*

*

*
*

*

*

*
*

*
*

*

*

*

*

* *

*

*

*
* *

*

* *
* * *

*
*

* * *

*
* *

* *

*
*

* **
*

*

* *

*

*

*
*

*

*

*

*

* *

*

*
*

*
*

*
*

*
*

* *
* * * * * * *

*

*
*

*

*
*

*

* *

*

* *
*

*

**

*
* *

*

* *

*
*

*

* *
*

*

*
*

*
* *

* *
*

*
*

*

*

* * * * *
* * *

*
* *

* * *

*

* * * *

*

*

*

*

*

* *

*

*

*

*

*
* *

*

*

*

*
*

*
*

*

* *

*

* *
*

*

* *
*

*

* * * * *

*

*

*
* *

* *
*

*

*

*
*

*

*

*

* *

*

*

*

*

*

*
*

*

*
*

*

*
* *

*
*

* *
* *

* *

* * * *
* * * *

*

*

*
* *

*

*

* *

*

*

* *
*

* *
*

*
*

*

* *

*

*

* *

*

*

*

* *
*

*
*

*

*

*
*

*

*
* *

*
* * * *

*

*

* * *

*

*

*

* *

*

*

*

*

* *

*

*

*

*
*

*

*

*

*

*

*
*

*

*

*
* * *

*

* * * *
*

*
* *

*
*

*
*

* *
*

*

* *
* *

*

* *
*

*
*

*

*

*

*

*

*

*

*

*

*
* *

*

*

*

*

*

*

* * *

* *

*

*
*

*

* *
*

*

*
* *

*
* * * * *

* * * * * * *
*

*

*

*

*

*

*

*

* *

*

*

*

*

*

* *

*

* *

*
* * *

*

*
*

* *

*
* * * *

*
*

*

* * * *
* *

*
*

* *

*

*
* * *

* *

*

*

*

*

*

*

*

*

* *

*

*

* *

*

*

*

* *

* *
*

*
*

*

*
*

* * *

*
*

*

* *

*

*

* *

*

*
*

* *
*

*
*

*

* *
*

*

*

*

*

*
*

*

*

*
*

*

* *

*

*
*

*

*

*
*

*

* *
* * * *

* * * *
*

* * *
*

* *

*

* *

* *

*
*

* *

*

*

*
*

*

*

*

*

*
* *

* *
*

* *
*

*
*

*
* * * *

* *
*

*
* * *

*

*
*

*
*

*

*
* * * *

* *

*

*
* *

*
*

*
* * *

* * * *
*

*
* * *

* *

*

* *

*
*

*
* * * * * *

*

*
* * *

* * * *
*

*
* **

*

*

*

*

*

*

*

*

*
*

*

*

* * *

*

*

*

*

*

*

* *

*

*
* *

* * * *
*

*
*

* *
*

*

* *

*
* *

* *

* *

*

*

*

* *

* *

*

* *

*

*

*
* *

* *

*

* *
*

* * * * *
* *

*

* * * * *
*

*
*

*

*

*

*

*

*

*

*

*

*

*
*

* *

*

*

*

* *

*

*

*

*

*

*

*
* * * * * * *

*
*

* *
* *

*

*
* *

* * *
*

*

*

*

* *

*
*

*

*

*

*
*

*
* * * *

*

*

*

*
*

*

*

*

*

*
* * * * *

* * * *
* * *

* *

* *

*
* *

*
* * *

*

*

* *

*
* *

*

*

* *
* * *

* * *

*
*

*
* *

* * * * * * * * *
* * * * * * * *

*
*

*
* * *

*
*

*

*

* * *

*

*

*

* * * *
* * * * * *

* *
*

*

* * * * *
*

*
*

* *
* * * * * *

* *

*

* * *

*

*

*

*
*

*

*
*

*

*

*
*

*
*

*
*

*

*
*

*
*

*
*

*
*

*

*

*
*

* *
*

*
* * * *

*

* *
*

*

* *

*

*

*

*
*

* * * * *
* *

*
* * * *

*
* *

* * * *
* * *

* *
*

* *
*

* *

*
* * *

*
*

* * *
* * * *

*

*
**

*
*

*

*
*

*

*

*

*

*
* * *

*

*

* *
*

* *
*

*

*

*

*
* * *

*

* * *
* * * *

* *
* *

*
* *

* * * ** * * * * * * * * * * * * *
* * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * *
*

* ** * * * *
* * *

*
* * * * * * * * *

*
* * * * * * * * * * * * * * * * * * * * * * * * * *

* * *
* * * * * *

* * *
*

* *
*

* * *
* *

* *

* *
* *

*
* * * * * * * * * * * * *

* *
*

*
*

* * *
*

*
* *

* *
*

* *
* * * * *

* *
* * * * * * *

* * * * * * * * *
* * * * *

* * * * * * * * * * *
* *

*

*
*

*

* * * * * * * * * * * * * * * * *

C
O

 p
pb

0

200

400

600

800

1000

1200

0 6 12 18 24

CO at Tapajos km67
Nov 15 - Dec 15, 2002

*
* * * * * * *

* *

*

* * * *
* * * * * * * * *

* *

*
* * *

* * * * * * * * * * * * *
* * * ** *

* * * *

* * * * * * * * * *
* *

* * * * * * * * * * *
*

* *
* * * *

* * * * * * * * * * * **

* * *
* *

*
* *

* *

* * *

* * *
*

*
*

*
*

* * * * * * * * * *
* * ** *

*

*

*

*

*

*

*
* * * * * * * * * * * * * * *

* * * * * * * * * * * * *
* * * *

*
* * * *

* *
*

* * * * * *

* * * * *
*

* * * * *
* * * * * *

* * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * *
* * * * * *

* * * *
* * * * *

*
*

* * * * * * * * * * * * * * * * * * * * *
**

*
* *

*

* *

* *
* * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * **
* * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * *
* *

* * * * * * * * * *
* *

*
* * *

* * * * * * *
* * * * *

* *
*

*
*

*
* * * * * * * * * * * * * * * * * * * * * * * ** * * *

* * *
*

*

*
* *

* *
* * * * * *

* * * * * * * *
* * * * * * * * * * * * * * * * *

* * *
*

* * * * * * * * * * * * * * * * * * * * * * *
* * * * * *

* * * * * * * * * * * * * * * * *

*
*

* * * *
* *

* * * * *
*

*

* *
* * * *

*
* * *

* * * * * * * * * * * * *
* * * * * * * * * * *

*
* * * *

*

* * * * * *
* * * * * * * * * * * *

* * * * * * * *
* * * * * * * * * * * * * * *

*
* * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * *
*

*
* * * * * * * * * *

*
* *

*
* * * * * * * * * * * * * * * * * * * * * * * * *

* * *
* * *

* * * * * * * * *
* *

* ** * * *
*

* *
* * * * *

*
* * * * * * * * * * * * *

* * * * *
* * * * * *

* * * * * * * * * * **
* * *

* * *
* * * * * *

* * * * * * *
* * * *

*
* *

* * * * * * * * * * * * * * * * * * * * **
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * *
* *

* * *
* * * * * * * * * *

* * * * * * * * *
* * * * *

* * * * * * * * * * * * * * * * * * *

Hour (UTC)

C
O

 p
pb

CO at Tapajos km67
February 2003

0

50

100

150

200

250

0 6 12 18 24

Maxaranguape Maxaranguape 

Long-term Measurements of Carbon Dioxide and Carbon Monoxide Concentrations to Help Constrain Regional Carbon Budgets.
J. William Munger1, Scott R. Saleska1, Bruce C. Daube2, Steve C. Wofsy1, Volker W. J. H. Kirchhoff3

(1) Dept of Earth and Planetary Sciences, Harvard University, Cambridge, MA USA
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A b s tra c t 
 

In  o rd e r  to  su p p le m e n t th e  n e tw o rk  o f d e ta ile d  p ro ce s s  s tu d ie s  b a sed  

o n  d irec t  sm a ll-sc a le  to  c an o p y  lev e l  m e a su re m en ts  b e in g  m ad e  a  th e  

L B A  to w er  s ite s  w e  h a v e  e s ta b lish e d  a  p a ir  o f ca rb o n  d io x id e  an d  

c a rb o n  m o n o x id e  o b se rv a to r ie s  w ith in  th e  A m az o n  b as in  a n d  a t  th e  

c o as tlin e .  

T h e  in te r io r  s i te  is  lo c a te d  in  th e  T ap a jo s  F o re s t  a t  th e  k m 6 7  f lu x  

to w e r s i te .  C a rb o n  d io x id e  a n d  c a rb o n  m o n o x id e  co n ce n tra tio n s  h a v e  

b e en  m e asu red  co n tin u o u s ly  s in ce  A p ril  2 0 0 1 . T h e  co as ta l  s ta t io n  is  

lo ca ted  in  M ax ara n g u a p e , ap p ro x im a te ly  5 0 k m  N W  o f  N a ta l . C a rb o n  

m o n o x id e  h a s  b e en  m ea su re d  th e re  s in c e  D e ce m b e r 2 0 0 2  a n d  c a rb o n  

d io x id e  m e a su re m en ts  b eg a n  in  A u g u st 2 0 0 3 . O b se rv a tio n s  a t  th is  

s ite  a re  u se fu l to  e s tab lish  th e  b o u n d a ry  co n d it io n s  fo r  tro p ica l  

m a rin e  a ir  th a t e n te rs  th e  b a s in .  

A t b o th  s ite s , c a rb o n  d io x id e  is  m e asu re d  u s in g  a  m o d if ie d  L ic o r  

6 2 6 2  in fra - red  g as  a n a ly ze r. C a rb o n  m o n o x id e  is  m ea su re d  u s in g  a  

T h e rm o  E n v iro n m e n ta l  In s tru m e n ts  4 8 C T L  g as - fi lte r co rre la tio n  IR  

a b so rp tio n  an a ly z e r th a t h a s  b ee n  m o d ifie d  b y  in c lu d in g  a  c o ld  trap  

to  re m o v e  w a te r , p re s su re  c o n tro l,  a n d  fre q u e n t ze ro in g .  

C o n c e n tra tio n s  o f  C O  d is tin g u ish  co m b u s tio n  so u rc e s  f ro m  

b io lo g ic a l a c tiv ity  a f fe c tin g  th e  c a rb o n  d io x id e  co n c e n tra tio n s  an d  

p ro v id e  co n s tra in ts  o n  e s tim a te s  o f reg io n a l b io m a ss  b u rn in g  

e s tim a tes . C o n c en tra tio n s  o f  C O  d u r in g  th e  w e ll m ix ed  m id -d a y  

p e rio d  a t  T a p a jo s  a re  n e a r 7 0  p p b  d u r in g  th e  w e t s e aso n  a n d  in c re ase  

to  n e a r 3 0 0  p p b  d u r in g  th e  d ry  se aso n  a s  b u rn in g  in f lu e n c e  in c rea ses . 

In  th e  o n sh o re  f lo w  a t  M ax aran g u ap e  C O  is  a ro u n d  5 0  p p b . A t th e  

T a p a jo s  s ite , d ie l c y c le s  o f  c a rb o n  d io x id e  h av e  a m p litu d e  o f  5 0  

p p m . S ea so n a l a n d  an n u a l c y c le s  h a v e  m u c h  sm a lle r  a m p litu d es ;  

m id -d a y  v a lu e s  e x c ee d e d  3 7 0  p p m  a t th e  en d  o f d ry  se a so n  an d  

d e c lin ed  to  a b o u t 3 6 5  p p m  d u r in g  th e  w e t s ea so n .  
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Wind

The coastal measurement site is located in
Maxaranguape, east of Natal, on a bluff
directly over above the beach. Prevailing
easterly winds bring tropical marine air
to the site

The Tapajos site at km67 is surrounded by the
Flona Tapajos.  Agricultural development
east of the highway generates smoke emissions

CO is measured using a Thermoenviromental
Model 48CTL analyzer.
Sample and standards are brought to constant
dewpoint in a chilled water trap. The instrument
is frequently zeroed by passing sample through a
CO catalyst (Sofnocat). Concentrations are
computed by a second order fit to the signal from
zero, 100 and 500 ppb
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Objectives 

The work shown here is intended to quantify 
atmospheric concentrations of CO and CO2 at a central 
Amazonian forested site and in tropical marine inflow 
at the coast.  

Observed concentration patterns depend on the integral 
of upwind sources and sinks, lateral boundary 
conditions, and vertical entrainment. 

Results so Far 

• CO in tropical marine air  ranges from 50-100 ppb 

• In the wet season, CO is enhanced by ~25 ppb at 
the forested site relative to the incoming marine air 
mass. 

• Very large enhancements are observed in the late 
dry season when widespread biomass burning 
activity adds CO to the regional air mass. 

• Slow growth in CO2 concentrations have been 
observed at the forested site.  

• There is not a marked seasonal pattern to CO2 
concentrations 

• The daily cycle of CO2 concentration (peak-to-peak 
amplitude) ranges from 23 ppm at wet-dry 
transition to over 40 ppm in the middle of wet 
season when biological activity is at a maximum 

• CO2 concentration measurements at the coastal site 
have just begun and data quality checking is 
incomplete 

Future plans  

• Evaluate the daily CO and CO2 growth rates along 
with data for mixed layer depth and entrainment 
from aloft to infer surface emission. 

• Combine continuous surface concentration 
measurements with vertical profile data as it 
becomes available. 

• Use transport model to estimate regional CO/CO2 
exchanges through inverse analysis. 
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What about a CO:CO2 emission ratio?

We see a wide range in ∆CO:∆CO2

during the burning season
High CO2is almost certainly from
respiration, but highest CO values
imply very inefficient combustion
(smoldering fires over night)

Monthly mean diel CO2 patterns  for 3 periods
show the nighttime buildup from respired CO2

beneath the inversion layer. CO2 drawdown
begins in the morning from photsynthesis and
vertical mixing (as indicated by u* of lower
CO2 concentrations in air above the inversion.


