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● The new V5 cloud detection 
algorithm reduces mis-assignments 
to less than half.
● For this data subset the new 
method results in a cloud status 
change for ~2% of the MOPITT pixels.

An example of results from the 
pre-V5 and V5 co-location 
methods. Large purple box shows 
one MOPITT pixel (22x22 km). 
Small symbols represent 
individual MODIS pixels (1x1 km).
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OVERVIEW
● MOPITT (Measurements of Pollution 

in the Troposphere, onboard EOS-Terra), 

measures tropospheric CO since 2000. 

● MOPITT Version 5 (V5) products, to be 

released in 2011, will feature for the 

first time enhanced sensitivity to surface-level CO by simultaneously exploiting 

MOPITT's TIR and NIR (thermal and near infrared) observations (Worden et al., 

2010).

● All MOPITT products are obtained from cloud-free observations. The clear/cloudy 

status is determined from both MOPITT and MODIS (MODerate resolution Imaging 

Spectroradiometer, also onboard EOS-Terra) measurements. 

● Here we describe the new cloud detection algorithm utilized in V5 and present 

initial results on correlation between residual cloud amounts, NIR geophysical 

noise, and NIR CO retrieval results.

CLOUD DETECTION: 
A NEW METHOD FOR MOPITT/MODIS CO-LOCATION

STEP #2
MODIS pixels are assigned to each 
MOPITT pixel using a fix set of indices 
relative to “MODIS central”(Martínez-
Alonso et al., 2010).

STEP #3
The statistics of relevant MODIS cloud parameters are 
derived for each MOPITT pixel. Resulting MODIS Cloud 
Diagnostics are included in the archived hdf files:

- # determined MODIS pixels
- %cloudy, % clear
- sun glint
- snow/ice
- non-cloud obstruction
- IR threshold
- IR temperature difference
- visible reflectance
- determined/undetermined ratio 

STEP #1
For each MOPITT track: Find the 
MODIS pixel closest to the center 
of the track (“MODIS central”).

L2 PROCESSOR
(CO retrieval)

Effect of co-location method 
(pre-V5 vs. V5) on MOPITT cloud 
status assignment. 

Note that MOPITT pixels whose cloud 
status changed (colored symbols) 
coincide with the margins of cloud-
covered regions.

V5

DISCUSSION 
● The new V5 cloud detection algorithm reduces MODIS mis-assignments to less than half the pre-V5 

values and thus results in more accurate cloud status assignments.

● Initial analysis of in situ measurements and MOPITT NIR data/retrievals for three validation sites (Carr, 

CO; Harvard Forest, MA; and Poker Flats, AK) do not show significant correlation between residual cloud 

amounts and geophysical noise or CO retrieval error. The following may be obscuring factors:

- differences in cloud altitude and optical thickness are not being accounted for

- very conservative definition of MODIS “clear” (≥95% prob.) ⇒ overestimation of MOPITT “cloudy” pixels

- random retrieval error due primarily to geophysical noise

- D/A cancellation effects inherent to correlation radiometry

● Further work: Characterize clouds with information from MODIS MOD035 and MOD06 products. Contrast 

MOPITT- and MODIS-derived geophysical noise values.

RESIDUAL CLOUD EFFECT
● Cloud optical thickness generally increases at shorter wavelengths.
● Cloud effects are more predictable in the NIR than in the TIR.
 ⇒ Our initial analysis focuses on geophysical noise and CO retrieval error from MOPITT NIR.

● A strong trend between % of residual cloud and geophysical noise 
is not evident in the initial results.

Residual Cloud Amounts and CO Retrieval Error
● Simulated CO profiles and total column values are derived from in situ measurements in the validation sites and compared to MOPITT 
retrievals. Their difference is considered the retrieval error. 

● Total column values are retrieved from the NIR measurements. Mixing ratio values at different pressures (altitudes) are highly correlated 
among themselves and with total column values. We focus on 700hPa mixing ratio values to avoid artifacts introduced by topography.

                       

● Initial results show no clear trend between % of residual cloud and 
retrieval error.

Pressure (PMC) or
Length (LMC)

MOPITT Total CO Column (1018 mol/cm2) - November 2010

THE MOPITT INSTRUMENT
● MOPITT is a nadir-looking, cross-track scanning gas correlation radiometer. 
● Its TIR channel provides information on vertical distribution of CO. 
● NIR channels are suited for total column amount determination. 
● Global coverage is achieved in approximately 3 days.

VALIDATION DATA
● Simultaneous aircraft and MOPITT measurements from 
three well characterized sites (Emmons et al., 2009) have 
been analyzed to investigate the effects of residual cloud 
amounts on MOPITT retrieval error.
● The validation data spans over more than 9 years.

        Carr, CO (40.9oN, 104.8oW)        Harvard Forest, MA (42.5oN, 72.2oW)   Poker Flats, AK (65.1oN, 147.3oW)

V5

V5

V5

pre-V5

Gas correlation radiometry. Radiation from the 
Earth's surface and from the atmosphere are 
sensed by MOPITT at once. Since both are variable, 
at least two signals are needed to disentangle 
them. The two signals are obtained by measuring 
the incoming radiance through cells containing the 
target gas (CO in this case) and modulating either 
the pressure (PMC) or the path-length (LMC) in the 
cell. The average (A) signal between two extreme 
states provides information on the background 
radiance (i.e., from the surface and other 
atmospheric constituents). The difference (D) 
signal corresponds to the target gas.
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Residual Cloud Amounts and Geophysical Noise
● Geophysical noise (GN) is caused by the sub-pixel spatial variability of surface properties in 
combination with translational motion of MOPITT's field of view. 

● GN is calculated as the standard deviation of the 9 short (S) counts and 9 long (L) counts that 
integrate each MOPITT pixel in a length modulated channel (LMC) (Deeter et al., 2010). 

● We focus on the NIR channel at 2.3 m, relevant for total CO column retrievals.

● The goal is to determine whether or not clouds are effectively a source of GN (adding to surface-
based GN sources). 
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STEP #2
Based on “MODIS central”, MODIS 
pixels are assigned to each MOPITT 
pixel via parametrization (Warner et 
al., 2002).

STEP #3
The statistics of relevant 
MODIS cloud parameters are 
derived for each MOPITT pixel.
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