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Carbon dioxide (CO,) is the 

Primary atmospheric component of the global carbon cycle 

Primary anthropogenic driver of climate change 

Only half of CO, produced by human activities over the past 
30 years has remained in the  atmosphere. 

Wherearethesinks? 

Will this process continue? 

Be- 
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What Processes Control CO, Sinks? 

-8- - - 7..... _-.- r_ - ... .._, .. . _ ,-_- _. ..__.r ,. . __ . 
Our current understanding of 
atmospheric CO, is based primarily on 6 v ~  

Measurements from -1 20 surface stations ..~,op, 

Coupled carbon-cycle/chemicaI transport 
models that derive CO, sources and sinks 
from spatial and temporal gradients in the . , i I , 
CO, abundance 

-,re** PF, r,c,;,- 

Outstanding Issues: 
Why does the atmospheric buildup vary 1 ...... .- ~ . _ _ _  .._~_._l. 

'1 00°F 1 4 0 ' C  1 Rc?* '40'M' 10O 'H  0 "  3ObLI' 2C'"C iii?"C 10C"L 

substantially with uniform emission rates? 
f i  

What are the relative roles of the oceans 
and land ecosystems in absorbing CO,? 
What are the relative roles of North - 

America and Eurasia? - 

How will sinks respond to climate change? 
- 

Improved measurements are needed for Z. 
Reliable predictions of future CO, O t . . l . . . . l  . . . .  I . . .  l . . . L I , , ~  

1960 1970 1980 1990 2000 
concentrations and their climate impacts 

YEAR 
L&i -a=- - 
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The Orbiting Carbon Observatory will: 

measurements of the  CO, column 
averaged dry air mole fraction, X,,, 
Use independent calibration and validation 

approaches to identify and correct regional- 
scale systematic biases and random errors 
in the X,,, product. 
Combine the space-based X,,, 
measurements with other environmental Models 

measurements in carbon cycle models to 
characterize the geographic distribution 1800 

and magnitude of GO, sources and sinks 500 

on regional to continental scales at monthly 
100 

intervals 40 

- .  , 
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Driving Requirement: 
Precise, Bias-Free Global Measurements 

Space-based X,,, measurements could 
revolutionize our understanding of the 
geographic distribution of CO, sources 
and sinks if these measurements 

are acquired globally (land and ocean) 
have random errors ~0.3% (-1 ppm out 
of 370 ppm) 

- .-T j +I' I 
I I 

have no significant systematic bias on 
3% 5 251.0 351.5 352.0 352.5 3550 353.5 354.3 

1' 

regional to continental scales 

" .  . .-. . . 
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Making Precise CO, Measurements 

High resolution spectra of reflected sunlight in 
near IR CO, and 0, bands used to retrieve the 
column average CO, dry air mole fraction, X,,, 

Column-integrated CO, abundance 
Maximum contribution from surface Thermal Emission 

Other data needed (provided by OCO) 
Surface pressure, albedo, atmospheric 
temperature, water vapor, clouds, aerosols 0.0 0.2 0.4 0.6 0.8 1.0 1.2 

Why high spectral resolution? Averaging Kernel (arb. units) 

Lines must be resolved from the continuum to minimize 
systematic errors 

15 2.5 
1 .o 

h - 
Ei h E r -;- 2.0 

3 0.8 
2 s 10 5 

. E  5 1.5 5- 
\ E 0.6 
5 3: - '. - 4 - 
m t 1.0 t 0.4 
6 5 o c - .- 
'ZI u 
0 LL: 2 0.5 5 

2 0.2 

0 0.0 
1.595 1.600 1.605 1.610 1.615 

0.0 
0.760 0.764 0.768 

Wavelength (prn) Wavelength (pm) 
2.050 2.060 2.070 2.080 

Wovelena lh  (urn) 

Clouds/Aerosols, Surface Pressure Column CO, ~louds/~erosols, k20,'~emperature 
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y- -. 
.,+?27s??: :& \ OCO Spatial Sampling Strategy 

@d \+ - &4&."&/ 3p ,$ > - -  

.fu..* 

- - - -  - 

The spatial sampling strategy is 1800 

designed to provide precise, bias-free 
500 

estimates of X,,, on regional scales at 
monthly intervals 100 

Chemical Transport Models infer sources 40 

and sinks from spatial and temporal la 

gradients in X,,, I 

I I 

Satellite Direction 
Atmospheric motions mix CO, over large 

I areas as it is distributed through t h e  - 
column 

OCO collects X,,, soundings at high 
spatial resolution 

Maximizes the number of cloud-free 
samples in partly cloudy regions 
Minimizes systematic errors due to spatial 
inhomogeneities within each measurement 
footprint 

. . - 
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OCO Observing Modes 

OCO employs independent 
measurement approaches to 

Maximize signal to noise 
Minimize systematic biases 

Three observing modes: 
Nadir mode 

Footprint area < 3 km2 to isolate 
cloud-free scenes and minimize 
other spatial inhomogeneities 

Provides thousands of samples on 
regional scales 

a Glint Mode 
Improved Signal/Noise over oceans 

Target Mode 

adir Mode 
,.., , , ,  -1 

- , .  ...*A% . I",,* 
K> .,I .. Glint Mode 

Large numbers of observations over 
surface calibration sites 
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International Science Team 
Atmospheric remote sensing and spectroscopy 

JPL, Bremen, CSU, CSIRO, NIWA 
Carbon Cycle Science 

>., 

NOAA CMDL, GSFC, CSIRO, LSCE, UC Berkeley, Harvard, Woods 
.A#,.. d". ---. . *.I .+,* i::r:- . .":.-& 7.-* " - - 

Hole, UMBC, Caltech , . .  - c -.- . --- , ...-- 1.:: ---.... '.T 
" 

--,, "..U, 

JPL Management oversight 
Project Management and Mission Assurance (Bharat Chudasama) 
System Engineering and Mission Planning (George Sprague) ~- . 

/ &,< .. # l ndustry Team Members Provide Spacecraft and Instrument . .--:-h ,. * 
I ,  

t . 4  . 
' 4 '  .&, 

-Ensures rapid infusion of capabilities into US industry id.-- .. + 

?:<@$$ ,,.c.% w 
< . .#-&, 7 

Essential to enable future operational missions (NOAA/IPO) *" 

-I nstrument Provider: UTC Hamilton Sundstrand Sensor Systems 
-Delivered the last 4 TOMS instruments 

I -- -Experience with Cloudsat 0, A-Band spectrometer design - J  % I  \ - 

-Spacecraft Provider: Orbital Sciences Corporation 
Based on LEOStar-2 Bus 

._ .I 
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The OCO Instrument 

Three bore-sighted, high resolution, zero Order L i ~ h l  Trap 

grating spectrometers F3cpolar 11 er 
(; nlllrnlrl rl r -- 

Ilelesco[~r! I_L_ I.___.__. 
, __ 

CO, 1.61 ym band 1 . - -  
I? : r! 

a CO, 2.06 pm band 
Slit 

* 0,0.765 pm A-band I it1 cr / . .  F @ cal .. ,:-:. . 

Similar optics and electronics ia~d8~t! . 
- .- 

200 mm f/2 refractive optics 

* Spectral Resolution -20,000 

RSC Hawaii HgCdTeFPAs forCO, 
channels 
RSC HyViSl FPA for 0, channel 

Existing Designs For Critical 
Components 

a Hubble WFC-3detectors 
Build-to-Print Aura H l RDLS cooler 

Provided by Hamilton Sundstrand 
Sensor systems (Bornona CA) 

Provided last 4 TOMS instruments 

I I . .  

I . ..... 

HgCdTe Detector & 
A b r t  ipIexer ( W E - 3 )  
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4th build of Orbital LEOStar-2 Bus 
Orbview 4, GALEX, SORCE 
Now in NASA's RSDO Catalog 

Satisfies all OCO Requirements 
with large margins 

r Cryogenics 
. ., 

Solar Array 
Drive 
Electronics 

-- IRU 

-e 1 1 i- Cryocootir 
Torque Rods - Controller 

Instrument Controller 1 1 Ib ~hruster  
7 L Y  X 
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OCO files at the head of the A-Train, 15 minutes ahead of the Aqua platform 
* 1 :I 5 PM equator crossing time yields same ground track as AQUA 

Near noon orbit yields high SNR CO, and 0, measurements in reflected sunlight 
GO, concentrations are near their diurnally-averaged values near noon 
Maximizes opportunities of coordinated science and calibration activities 
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* A comprehensive series of measurements 
and modeling studies are being conducted 
to ensure that OCO will provide the 
needed precision 
* Acquisition and analysis of ground-based 

uplooking Fourier Transform Spectrometer 
observations of 0, and CO, from Kitt Peak and 
Table Mountain 
Aircraft measurements of the 0, A-band 
Observational System Simulation Experiments 

Prototype OCO retrieval algorithm 
Carbon Cycle Models 

Seasonal Cycle of X,, 
North-South X,, gradient 
Diurnal variations in X,, 

Orbiting Carbon Observatory (0 GO) ) . .  , .  , ,  15 or 23 
4'1bd WBam titan Sandstrand 
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Column Retrie vals 

Ground-based spectroscopy is being used to "{' 1 
- 

demonstrate the feasibility of column abundance * 
E 

i;wGsy 
measurements with precisions near 0.3% ; & - .  , . i: 

> 

Two sets of measurements have been .... ,. . *% -* LLd-.L. . . . ...A ---.- 

acquired and analyzed 9 :  I9dll I ' J Y I  19R2 tarn? 19x4  1 . ~ ~ 5  

<-,"!, 1:,,--,v k (  ,; , . , ., < ... ,. . , - . , , , , . . , , <. , , , A  , >, Y*m 

FTS data from Kitt Peak , . '. ; ; , ,\ .'-./ 
. .  , . . 0 ; ,, m:hl.m><;!.,yj ;;-.!, .;,< - ;\,, $;;! ,:,) ;*;!:,<ft2,;,.;i ,!.$!I ,p,b:,r- Jf/:,,i;!,i,i \,,, .>., ;. 

- 
- ,  . , . , , ,  . . .  ) / I-,'. 
I. .: 

-. ... . .  8 , - . - , - ,  . ! ' 
precisions close to those required , (,:+-- . - -. . - - - . . 

&I$" , , i p h l  I; .' f!9?<H?;f$$:<+? yi, ,*;, !$  , , . . PC - .  : P? 
, , : : y  .. , 

by OGO for column 0, and CO, '11. :.";!I i!i, : i : , !'!,', 
' : - : I  < ' . ,  : " " ,  , i , '  , , 

. - : ,  I .  .:, ,4 ,>, ..a:,- - 
, .. : , , ;;: , i +,; - :  :,,;.!;<!;$!. (0.5%) even though the .1 . : ; ( ) , >  : ' ' 1 -  , , . f i !  , ~;;r:l;:;;.;~;~::p.!,;!;;;:~ ;!,i;: 
I 6 r .. ,.a:: 
:, . : , > : , -  , , .,!Vi,, ,, /;:;;: ,; ! '*!li, ,ol'l>,,: 

observations were not optimized , .  1 -  s;; , ., ;,. :; ,4:m9<:,;, - -, * ,  !h~,,y , :::!,; 
a . .  " . , ,, ; ,.-,., +!+; 

. , 
. , '  " ' . ! '  , ,  

F - 
. .  . , 

> ,. .-. ,,(.,:1 1 L -. . >, _ . .. I ' I ' , ~  

, , - .- I .. . ,,,, " 

?., s,:! ; . , 

FTS observations of 0,from (!,2 : , 
. . .  .. : . < -  -- , , , .>,,:,,.' - . , 

/ 
-, .' ... ., . .. - .  , < , .  " .  ,, 2 : ,, .': 

, ' , ' ' ' , ' . , I. .. 
. ; ".; J: & i, 2 &G;;-:,. .-:..<'h. ,' 

FTUVS at Table Mountain rr #h u &*j;d.l;j~$d;;h> 

! :inr,, 1 : 1 1 - 7:: < -  1.J051 ;, 

Indicate that accuracies near 0.2% 
are achievable for 0, 
Have provided new insight into 0, 
A-band spectroscopy 

- . - -. . . . 

1.075' 
-7 1- r . -  '. 

7,. Yang, P. Wennbcl-g, G. Toon, R. Cageao, T. Pongetti, S. Sanclcl- 1 1.2 1.8 2 ~\iP,as$.' 
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X,, Retrieval Simulations 

Retrieval Modeling Studies: 
xc02 P recision of I ppm (0.3%) needed 
to characterize CO, fluxes 

Approach: 
Realistic, end-to-end, Observational 
System Simulation Experiments 

Reflected radiances for a range of 
atmospheric/surface conditions 
Comprehensive description of 

Measurement scenario 
Instrument characteristics 

Results: 
The OCO payload will meet or exceed 
the requirements for measuring Xco2 

Z. Kuang - Univ. Washington, Y. Yung - Caltech 

End-to-end retrievals of Xco2 from individual 
simulated nadir soundings at SZAs of 35O 
and 75O. The model atmospheres include 
sub- visual cirrus clouds (0. 02<zC-5 0.05), 
light to moderate aerosol loadings (0.05_cz,l 
0.15), over ocean and land surfaces. 
INSET: Distribution of Xco2 errors (ppm) for 
each case 
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, *diCki 
* pi: ..3 P/ . - ,! ,y, :,*r.,: , IGARSS 2003 
k, c .; , "5 -;I .. :::.., a Impact of Albedo and Aerosol 

* Retrieval studies have been used to 
estimate X,,, retrieval error (ppmv) 
as a combined function of albedo 
and aerosol optical depth (z). 

At high albedos and/or low aerosol 
optical depths, the )(,, retrieval 
errors are much less than I ppmv, 
At low albedos (<0.05) and high 
aerosol optical depths (z > 0.1 5), 
the X,,, retrieval errors exceed 1 
PPmv 

* Summary: OCOcanretrieveX,, 
with errors less than 1 ppm even 
under sounding conditions that are 
far from ideal. 

Z, Kuang - Univ. Washington, Y. Yung - Caltech 

Orbiting Carbon Observatory (060) ; ( I '  . ,  , . 

Albedo 
Dark Bright 

scenes scenes 
18 of 23 
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Seasonal cvcle: How well does OCO need to measure X,,? 
Amplitude of Northern hemisphere seasonal cycle in X,, is reduced by 
40% to 50% as compared to surface amplitude 
Phase delay of 20-40 days in the column as compared to surface 
Seasonal cycle can be resolved from space if 1-2 ppm precision were 
obtained in column CO, 

I I I I I L I 1 I I I I 

- - 

3 - 
/' 

- 

/' - 
Comparison of column - 1 -  v 

E 
/ I 

n_ 
/ r CO, retrieved from Kitt 

CL 
rlr ' Peak FTS (red) to 

'/'*..*:f 

simulated column and 
- 

I - surface in situ CO, results 
r Simulated Surface CO, 

-3 - - I 

Simulated Column CO, \ ,  /' 

b' 
-5 + Observed Column CO, 

Q W  I U V  L I  V 

Day of Year 
UUV 

T*Gh"% neT-l-~-%. l S I J  '&a* e 2--aA IU~~-~**mri*.ri*.*ri*.~a---g_*g_*g_*g_*g_*g_*g_*g_*g_*g_*g_*g_*g_*-g_*~91 ~~9191-r%(=-~-~m~m-~.~"aPPPp,PPPp " 4- "l-ri-locr--.,*-~, P P P P * ~ P  P P  i 18 
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North-South Gradient: How well does OCO need to measure X,,? 
North-South gradient in column CO, is only half as large as the CO, 
gradient at the surface 
Northern Hemisphere-Southern Hemisphere gradients can be resolved 
from space by 1-2 ppm precision X,, measurements 

1 2 1  I--\ -1 Simulated latitude dependence of 
/ 

---- 
column 
surface 

/. 
I the surface CO, concentrations for 

/ 
/ , F~ "'\\ . . . February and August (dashed lines) 

6 are compared to the corresponding - 
k 4 

latitude dependence for the column- 
Q - 2 

integrated dry air mole fraction, XCo2 

0 
(solid blue and red lines. Typical 
pole to pole gradients in XC,. are 

- 2 -6 ppm. 
- 4 

- 6 

" l i t A Ax- X 7 - d  d rn ?%->' * 74 m&>d-zeAZZ*c -Sd. &%dZ ,dx  &T q % = - S - " d * < ,  &&k&? ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ W ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ - - ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ - ~ ~ ~ ~ & ~ - ~ 2 ~ ~ ~ ~ ~ & ~ ~ ~ o ~ ~ ~ ~ ~ ~ & ~ ~ & ~ ~ ~ ~ ~ ~ & ~ ~ ~ ~ ~ ~ ~ . ~ - ~ ~ ~ ~ ~ ~ ~ ~  m *"-- 
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Diurnal cvcle: How well can OCO measure X,,? 
-.-= 

* Approach: 
"True" source estimates generated from two orbits, 
each sampling twice per day 

0600h & 1800h (sunriseisunset) 
1 100h & 2300h (mid-day/midnight) 

These results were compared to 1400h orbit (approx. OGO i;!aoicnitll75Jlll 

orbit) with 75 degree SZA cut-off 1800 

Results: 500 

Differences between the sources are smaller than the  100 

uncertainties on the 1400h orbit source estimates. 40 

Where laraer differences occur, they are not solely due 
I I LI 'd "- : I 1 0  

to diurnal biases. 
Example Biasesoccurinthewinterhighlatitudes Es"matedregjonalCO~diurnajfluxbias 

due to the lack of data in the 1400h orbit and these (gC/nF/yrJ from nadir soundings acquired a 
1400 for Januaryand July. The current 

overwhelm any diurnal effect uncertainties are around 2000 gC/d'/yr. 

Uncertainties in 24-hr average column C0, after Tile largest errors are seen at high latitudes 

correcting for diurnal effects is < 0.1 ppm during fhe winter, where there is too Eittle 
sunlight for OCO retrievals (P. Rayner, R. 

Diurnal cycle may be greatest over the Amazon (-0.7 ~ a w  - CSIRQ. 
pprn diurnal cycle in July v s  -0.4 pprn over Wisconsin) 
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Project Status and Schedule 

Contract Start 

Project Kick-Off Meeting 

Risk Mitigation Phase begins 

System Requirement Review (SRR) 

Risk Mitigation Phase Final Review 

Preliminary Design Review (PDR) 

Critical Design Review (CDR) 

Launch 

Mission Check out (PLSR) 

Mission Operations 

October 2,2002 

October 10,2002 

October 10,2002 

June 25,2003 

July 29,2003 

June, 2004 

July, 2005 

August, 2007 

One Month After Launch 

24 Months 
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management strategies 

* Predicting weather and climate 
* Understanding sources/sin ks 

essential for predicting CO, buildup 

* OCO will provide critical data for 
* Understanding the carbon cycle 

Essential for developing carbon 

0, A-Band will provide global surface / 

Climate Forcing/Response 
~T/H,O/O, dA a AIRSKESIMLS 
.Clouds Cloudsat 

pressure measurements 

OCO validates technologies critically - 

needed for future operational CO, 
monitoring missions 

Satisfies an unaccornrnodated 
measurement need identified by 
NPOESS 

Orbiting Carbon Observatory (OC0) 23 of 23 
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