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Appendix A
Results for ‘diagnostic’ products

A.1 Introduction
In this appendix, we detail the quality of selected ‘diagnostic products’ from v1.5 in a similar manner to the
discussion of the ‘standard products’ in chapter 3.

The MLS diagnostic products are stored as individual swaths (named, e.g., O3-190) in the L2GP Diag-
nostic products Geophysical Grid (DGG) file named as described in section 1.3, with the letters DGG used for
<product>. As with the standard products, these swaths also contain Status and Quality information.
However, no column abundances are produced for these products. Further diagnostics in the DGG and other
files are beyond the scope of this document.
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A.2. 190 GHz methyl cyanide

A.2 190 GHz methyl cyanide
Swath name: CH3CN-190

Contact: Nathaniel Livesey, Email: <livesey@mls.jpl.nasa.gov>

As with the standard CH3CN product, the 640 GHz product is not appropriate for scientific use. This is
mainly due to the persistent large negative bias in the data.

Simulations
The simulation studies summarized in Figures A.1 and A.2 indicate that biases of as high as 100 pptv on average
(∼200%) are to be expected in this product in the lower stratosphere. Biases of order 100% are expected in the
upper stratosphere.

Vertical resolution
The averaging kernels shown in Figure A.3 indicate that the 640 GHz CH3CN product has a vertical resolution
of 6 km in the lower stratosphere, worsening to 10 km in the upper stratosphere.

Early results
640 GHz MLS observations show very unrealistic values of CH3CN (when compared to expectations). Average
abundances of as high as 330 pptv are seen in the lowermost stratosphere (where 10 – 30 pptv are generally
expected). Persistent average values of −30 to −20 pptv are seen in the upper stratosphere.

Data screening
Do not use: The v1.5 640 GHz CH3CN data should not be used in scientific studies.

Artifacts
As discussed above, the 640 GHz CH3CN product displays significant biases that preclude its use in scientific
studies.

Priorities for future versions
Improvements to radiance fits and other products in the 640 GHz spectral region should lead to improvements
in the CH3CN product from this radiometer. However, its improvement is not in itself a priority concern for the
immediate future.
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Appendix A. Results for ‘diagnostic’ products
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A.2. 190 GHz methyl cyanide
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Figure A.2: A summary of the v1.5 data quality for 640 GHz CH3CN, as for figure A.1 but for the
2000d276 test data set. The percentage plots are omitted here as the ‘true’ values are zero.
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Appendix A. Results for ‘diagnostic’ products
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Figure A.3: The left hand plots show the vertical averaging kernel for 640 GHz CH3CN for the 1996d051
test data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with
the matching color + symbols). The thick solid black line shows the integrated area under each colored
line. The thick dashed black line denotes the vertical resolution (full width at half maximum) approximately
scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where
the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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A.3. 190 GHz chlorine monoxide

A.3 190 GHz chlorine monoxide
Swath name: ClO-190

Useful range: 100 – 1 hPa

Vertical resolution: 4 to 7 km

Contact: Michelle Santee, Email: <mls@mls.jpl.nasa.gov>

Although there are no serious issues with the ClO-190 data, the standard product for ClO is taken from the
Core+R4 (640 GHz) retrieval because of its better spatial (horizontal and vertical) resolution and precision.

Simulations
ClO is strongly diurnal in the lower stratosphere; day-night differences can be used to reduce systematic effects
in the measurements from 100 to 10 hPa. Simulations (see Figures A.4 and A.5) show residual average biases
in these differences (indicating systematic errors that cannot be eliminated by taking day-night differences) as
large as 0.1 ppbv in the winter polar regions. Elsewhere, residual average biases are less than 0.04 ppbv (often
considerably so).

Vertical resolution
Based on Figure A.6, the ClO-190 vertical resolution varies with altitude, from ∼4 km at 100 hPa to more than
7 km near the top of the profile.

Early results and validation
The estimated single-profile precision reported by the Level 2 software is ∼0.2 – 0.3 ppbv over most of the verti-
cal range, degrading to 0.7 ppbv at 1 hPa. The observed scatter in the data, evaluated in a 20◦-wide latitude band
centered around the equator where natural variability is expected to be small in the lower stratosphere, suggests
a measurement precision of 0.15 – 0.3 ppbv throughout the profile. Thus the precision of the ClO-190 data is
slightly worse than that of the standard ClO product. Time series of daytime, nighttime, and day-night difference
values from almost nine months of version 1.5 data have been examined in 5◦-wide equivalent latitude bands
between 87.5◦S and 87.5◦N on the 660, 580, 520, 460, and 410 K potential temperature surfaces (corresponding
to pressure levels of 22, 32, 46, 68, and 100 hPa, respectively). Based on this analysis, persistent systematic
biases are largely absent in the ClO-190 data; however, taking day-night differences in the lower stratosphere
effectively eliminates the small (∼0.1 – 0.2 ppbv) biases that are present at some latitudes and seasons.

Artifacts
There are no known significant artifacts in the ClO-190 data.

Priorities for future data version(s)
None in particular.
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A.3. 190 GHz chlorine monoxide
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Appendix A. Results for ‘diagnostic’ products
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Figure A.6: The left hand plots show the vertical averaging kernel for 190 GHz ClO for the 1996d051 test
data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with the
matching color + symbols). The thick solid black line shows the integrated area under each colored line. The
thick dashed black line denotes the vertical resolution (full width at half maximum) approximately scaled
into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where the
profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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A.4. 190 GHz nitric acid

A.4 190 GHz nitric acid
Swath name: HNO3-190

Useful range: 10 – 3.2 hPa

Vertical resolution: 4.0 to 4.5 km

Contact: Michelle Santee, Email: <mls@mls.jpl.nasa.gov>

The standard product for version 1.5 HNO3 is taken from the Core+R2 (190 GHz) retrieval at and above 6.8 hPa;
the HNO3-190 retrievals are not recommended for use below 10 hPa because of their strongly oscillatory nature
in the lower stratosphere.

Simulations
Simulations (see Figures A.7 and A.8) indicate that the HNO3-190 retrievals exhibit strong vertical oscillations
in the lower stratosphere in some latitude bands. Above 10 hPa, oscillations are much less pronounced and
average biases are small (typically <0.2 ppbv).

Vertical resolution
Based on Figure A.9, the HNO3-190 vertical resolution is ∼4 – 4.5 km from 10 – 3.2 hPa.

Early results and validation
The estimated single-profile precision reported by the Level 2 software is ∼1.5 ppbv over the range 10 – 3.2 hPa.
The observed scatter in the data, evaluated in a 20◦-wide latitude band centered around the equator where natural
variability is expected to be small in the lower stratosphere, suggests a measurement precision of ∼1.0 ppbv over
this range.

Artifacts
Oscillations: The HNO3-190 profiles are strongly oscillatory below ∼10 hPa.

Priorities for future data version(s)
• Reduce oscillations in the HNO3-190 profiles.
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A.4. 190 GHz nitric acid

N
oisy

60
oN

 to 90
oN

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

20
oN

 to 60
oN

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

20
oN

 to 20
oS

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

20
oS to 60

oS

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

60
oS to 90

oS

-10.0
-1.0

0.0
1.0

10.0
H

N
O

3  (190) / ppbv

1.0

10.0

100.0

1000.0

Pressure / hPa
N

oise-Free
60

oN
 to 90

oN

  
  

  
  

  

        

20
oN

 to 60
oN

  
  

  
  

  

        

20
oN

 to 20
oS

  
  

  
  

  

        

20
oS to 60

oS

  
  

  
  

  

        

60
oS to 90

oS

-10.0
-1.0

0.0
1.0

10.0
H

N
O

3  (190) / ppbv

        

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
1

2
3

4
5

6
H

N
O

3  (190) / ppbv

N
oisy

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-100
-50

0
50

100
H

N
O

3  (190) / %

N
oise-Free

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-100
-50

0
50

100
H

N
O

3  (190) / %

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
20

40
60

80
100

H
N

O
3  (190) / %

FigureA.8:A
sum

m
ary

ofthev1.5
dataquality

for190G
H

zH
N

O
3 ,asforfigureA

.7
butforthe

2000d276
testdataset.

EOS MLS Level 2 Version 1.5 Supplement 13

H
N

O
3



Appendix A. Results for ‘diagnostic’ products
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Figure A.9: The left hand plots show the vertical averaging kernel for 190 GHz HNO3 for the 1996d051
test data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with
the matching color + symbols). The thick solid black line shows the integrated area under each colored
line. The thick dashed black line denotes the vertical resolution (full width at half maximum) approximately
scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where
the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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A.5. 240 GHz nitric acid

A.5 240 GHz nitric acid
Swath name: HNO3-240

Useful range: 147 – 10 hPa

Vertical resolution: 3.5 to 4.0 km

Contact: Michelle Santee, Email: <mls@mls.jpl.nasa.gov>

The standard product for version 1.5 HNO3 is taken from the Core+R3 (240 GHz) retrieval at and below 10 hPa;
the HNO3-240 retrievals are not recommended for use above 10 hPa, where they exhibit significant negative
biases.

Simulations
Simulations (see Figures A.10 and A.11) indicate that the HNO3-240 retrievals are slightly oscillatory (though
much less so than the HNO3-190 retrievals); as a result, negative mixing ratios are not uncommon in the lower
stratosphere, especially in regions in which HNO3 is highly depleted, such as the Antarctic winter polar vortex.
Above 10 hPa, large (up to 0.6 ppbv) negative average biases are present at all latitudes.

Vertical resolution
Based on Figure A.12, the HNO3-240 vertical resolution is ∼3.5 – 4.0 km from 147 – 10 hPa.

Early results and validation
The estimated single-profile precision reported by the Level 2 software agrees well with the observed scatter in
the data (evaluated in a 20◦-wide latitude band centered around the equator where natural variability is expected
to be small in the lower stratosphere): both suggest a measurement precision of 1.0 ppbv or better over the range
147 – 10 hPa.

Artifacts
Oscillations: The HNO3-240 profiles are slightly oscillatory below ∼10 hPa.

Negative biases: Above 10 hPa, large (up to 0.6 ppbv) negative average biases are present at all latitudes.

Priorities for future data version(s)
• Reduce oscillations in the HNO3-240 profiles.
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Appendix A. Results for ‘diagnostic’ products
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A.5. 240 GHz nitric acid
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Appendix A. Results for ‘diagnostic’ products
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Figure A.12: The left hand plots show the vertical averaging kernel for 240 GHz HNO3 for the 1996d051
test data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with
the matching color + symbols). The thick solid black line shows the integrated area under each colored
line. The thick dashed black line denotes the vertical resolution (full width at half maximum) approximately
scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where
the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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A.6. 640 GHz nitric acid

A.6 640 GHz nitric acid
Swath name: HNO3-640

Useful range: None

Vertical resolution: 3.5 to 5.0 km

Contact: Michelle Santee, Email: <mls@mls.jpl.nasa.gov>

The version 1.5 HNO3-640 retrievals are characterized by slightly worse vertical resolution and considerably
worse precision than the other HNO3 data products and also by extremely large average biases throughout the
vertical profile (but particularly in the lower stratosphere); as a result, the HNO3-640 data are not recommended
for use in any scientific studies.

Simulations
Simulations (see Figures A.13 and A.14) indicate that the HNO3-640 retrievals exhibit large differences from
truth throughout the vertical profile, with differences as large as 80–90% in some latitude bands in the lower
stratosphere.

Vertical resolution
Based on Figure A.15, the HNO3-640 vertical resolution ranges from ∼3.5–5.0 km.

Early results and validation
The estimated single-profile precision reported by the Level 2 software is ∼2–3 ppbv throughout the vertical
profile. The observed scatter in the data, evaluated in a 20◦-wide latitude band centered around the equator
where natural variability is expected to be small in the lower stratosphere, suggests a measurement precision of
∼1.5 ppbv from the top of the profile down to about 32 hPa, degrading to almost 3 ppbv at 100 hPa. Comparisons
with the standard HNO3 product show that, at least at some altitudes, the morphology of the HNO3-640 field
generally follows expectation, although large excursions (positive and negative) from “reasonableness” are not
uncommon. The HNO3-640 retrievals also seem to typically underestimate the degree of HNO3 depletion in
regions where PSC activity can be inferred.

Data screening
Do not use: The v1.5 640 GHz HNO3 data should not be used in scientific studies.

Artifacts
Biases: Large average biases are present throughout the profile in most latitude bands.

Priorities for future data version(s)
None in particular.
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Appendix A. Results for ‘diagnostic’ products
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A.6. 640 GHz nitric acid
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Appendix A. Results for ‘diagnostic’ products
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Figure A.15: The left hand plots show the vertical averaging kernel for 640 GHz HNO3 for the 1996d051
test data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with
the matching color + symbols). The thick solid black line shows the integrated area under each colored
line. The thick dashed black line denotes the vertical resolution (full width at half maximum) approximately
scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where
the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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A.7. Diagnostic cloud products

A.7 Diagnostic cloud products
Swath name: Various names, see text

Useful range: 1000 – 68 hPa

Contact: Dong Wu, Email: <dwu@mls.jpl.nasa.gov>

Jonathan Jiang, Email: <jonathan@mls.jpl.nasa.gov>

The cloud diagnostic products in v1.5 include a number of cloud-induced radiances (Tcir) and baseline radiances
calculated at the end of each retrieval phase. These report the contributions to the MLS radiance observations
thought to be due to cloud emission and scattering. These ‘Minor frame based’ quantities are stored in MLS
L2AUX-Cloud files in a manner very different from the other L2GP quantities. Scientists wishing to use these
data are advised to contact the science team for information on format and supporting geolocation information.
Selected quantities are discussed here.

Description of cloud diagnostic products
Many different cloud diagnostics are produced at different stages in the retrieval process. The Tcir quantities are
detailed below. They are named according to the designation of the EOS MLS channel whose radiances are being
used to characterize cloud, the letters ‘DT’ (delta-temperature) and the stage within the retrieval (preliminary,
revised, core).

‘R1A:118.B32W:PT.S0.WF4-1.C1 DTprelim’ and
‘R2:190.B5F:CLO.S0.FB25-5.C1 DTprelim’

are R1 and R2 cloud flags produced after InitPtan phase to give preliminary cloud screening for radiance used
in the retrieval.

‘R1A:118.B32W:PT.S0.WF4-1.C1 DTrevised’ and
‘R2:190.B5F:CLO.S0.FB25-5.C1 DTrevised’

are cloud flags generated after the UpdatePtan phase where better temperature and pressure information is es-
tablished. The

‘R1A:118.B32W:PT.S0.WF4-1.C1 DTcore’ and
‘R2:190.B5F:CLO.S0.FB25-5.C1 DTcore’

cloud flags are generated after InitUTH phase where realistic water vapor profiles are retrieved.
The final set of cloud flags

‘R1A:118.B32W:PT.S0.WF4-1.C1 DT’,
‘R1B:118.B34W:PT.S0.WF4-3 DT’,
‘R2:190.B5F:CLO.S0.FB25-5.C1 DT’,
‘R3:240.B33W:O3.S0.WF4-2.C3 DT’,
‘R4:640.B10F:CLO.S0.FB25-10.C3 DT’ and
‘R5H:2T5.B15F:OH.S5.FB25-15.C25 DT’

is generated after Core+R2 phase where realistic pressure, Temperature, H2O, O3, HNO3, and N2O profiles are
obtained.

The baseline quantities
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‘BaselineMIFR2-Tcir’,
‘BaselineMIFR3-Tcir’ and
‘BaselineMIFR4-Tcir’

are calculated for fine tuning of R2, R3 and R4 Tcir. Among these, ‘BaselineMIFR3-Tcir’ is used to
produce the standard IWC product. The ‘BaselineMIFR3-Tcir’ quantity is generally very similar to the
quantity ‘R3:240.B33W:O3.S0.WF4-2.C3 DT’ at tangent pressures <300 hPa. The latter has meaningful
values continuing to lower tangent heights while the former is cutoff at 300 hPa.

Because the window channels of MLS radiometers have different optical depths, the definition of high, mid,
and low tangent heights will vary among these radiometers. Table A.1 gives the tangent pressure ranges of each
radiometer’s window channels for optically thin, thick and intermediate situations.

Table A.1: Ranges of tangent pressure / hPa for various radiometers and regimes

Optical depth R1 R2 R3 R4 R5

� 1 < 60 < 150 < 200 < 80 < 40
∼1 60 – 200 150 – 400 200 – 500 80 – 250 40 – 100
� 1 > 200 > 400 > 500 > 250 > 100

Artifacts

Figure A.16 gives a set of sample plots of various diagnostic cloud plots. Poor convergence in retrievals can
lead to ‘fliers’ in the Tcir values from the various radiometers in some chunks (groups of ∼10 profiles that are
retrieved together). Other issues with individual Tcir observations for each radiometer are detailed below.

R1: There is a 3.5% gain difference between R1A and R1B (for small radiances) plus a slight modulation
along the orbital track, whose origin remains unknown. This systematic error has been identified by
comparing pairs of channels (after the pointing offsets are corrected) in bands 32 and 34 for several days
of observations.

R2: The morphology of Tcir is generally reasonable at tangent pressures less than 121 hPa and compares well
with R3 Tcir. However, R2 clear-sky Tcir values show significant latitudinal variation, following the H2O
distribution in the tropics and subtropics. This bias becomes worse at 300 – 121 hPa, suggesting contami-
nation from errors in the H2O retrieval.

R3: The 240 GHz radiometer gives the best Tcir observations at pressures less than 215 hPa. At 200 – 300 hPa the
morphology of R3 Tcir still compares well with climatology (e.g., OLR) but negative values begin to show
up near deep convective cores. Large spikes are sometimes seen at winter high latitudes. Because the R3
window channels penetrate deep into the atmosphere, the Tcir at low tangent heights can be contaminated
by the surface ice/snow (low emissivity) at polar latitudes.

R4: Tcir is normally valid only at pressures smaller than 100 hPa. Positive outliers (∼10 K) in the wintertime
polar regions are probably due to HNO3 retrieval errors. In the tropical upper troposphere, R4 Tcir is
readily affected by H2O retrieval errors. The biases in Figure A.16 (low at ∼ 20 km and high at ∼12 km),
are probably caused by continuum errors.
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A.7. Diagnostic cloud products

Priorities for future data version(s)
Improving Tcir is crucial for MLS cloud ice measurements and depends largely on the quality of gas retrievals.
Ideally Tcir should have clear-sky measurements clustered as closely as possible with little bias. Several areas
can be improved on these diagnostic cloud products:

• Improve R2 Tcir calculations to reduce the biases in the tropics and subtropics.

• Improve the continuum models for R3 and R4 to reduce the height- dependent biases in Tcir.

• Retrieve cloud ice path from low-tangent-height Tcir for R1, R2, R3, R4 and R5.

Figure A.16: Example of the MLS Tcir derived in different retrieval phases for 2005d123. All the Rx DT
quantities denote the results calculated at the end of the Core+R2A phase. Bsl-R3 is the refined baseline
retrieval from R3 and R4 window radiances at the end of Core+R2 phase, which yields the standard IWC
retrieval afterward.
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A.8. 190 GHz nitrous oxide

A.8 190 GHz nitrous oxide
Swath name: N2O-190

Useful range: 33 – 0.1 hPa

Vertical resolution: 5.0 to 6.0 km

Contact: Nathaniel Livesey, Email: <livesey@mls.jpl.nasa.gov>

The 190 GHz N2O product is retrieved in the Core+R2A phase whose main product is water vapor. The standard
N2O product (taken from the 640 GHz observations) should be used in preference to this product in scientific
studies.

Simulations
The results of the simulation studies for the 190 GHz N2O product are shown in Figures A.17 and A.18. These
show average biases of 10% or better through most of the stratosphere.

Vertical resolution
The averaging kernel plots in Figure A.19 indicate that the vertical resolution of the 190 GHz N2O product is
around 5 – 6 km in the stratosphere.

Early results
In real MLS observations, the 190 GHz N2O generally agrees well (10 – 20%) with the standard N2O product
(taken from the 640 GHz observations) in the middle and upper stratosphere. In the lower stratosphere (pres-
sures of 46 hPa or greater), 190 GHz N2O values are 50 – 70 ppbv higher on average than the standard product.
This is clearly indicative of an unrealistic high bias in the 190 GHz N2O product, as average values as high
as ∼420 ppbv are seen at 100 hPa in the tropics (far larger than the accepted abundances, and than those seen
in the standard product). The poor performance of the 190 GHz N2O product in this region is consistent with
known problems fitting the observed radiances in this spectral region, with residuals of 1 – 2 K remaining after
the retrieval calculation. While the 190 GHz product is retrieved to lower altitudes than the standard product, the
data quality at 147, and 220 hPa is very poor with unrealistic amounts of scatter.

Data screening
Do not use: There is no reason to use the 190 GHz N2O product instead of the standard N2O product.

Artifacts
The 190 GHz N2O product displays positive biases of order 50 – 70 ppbv in the lower stratosphere.

Priorities for future versions
The 190 GHz radiances contain more useful information on N2O in the lowermost stratosphere and upper tropo-
sphere than is found in the 640 GHz radiances currently used to retrieve the standard product. Future versions
could use the 190 GHz information to extend the N2O profile into these regions. A prerequisite to this approach
is, however, a better fit to the radiances in this spectral region.
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A.8. 190 GHz nitrous oxide

N
oisy

60
oN

 to 90
oN

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

20
oN

 to 60
oN

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

20
oN

 to 20
oS

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

20
oS to 60

oS

  
  

  
  

  

1.0

10.0

100.0

1000.0

Pressure / hPa

60
oS to 90

oS

-1000.0
-10.0

0.0
10.0

1000.0
N

2 O
 (190) / ppbv

1.0

10.0

100.0

1000.0

Pressure / hPa
N

oise-Free
60

oN
 to 90

oN

  
  

  
  

  

        

20
oN

 to 60
oN

  
  

  
  

  

        

20
oN

 to 20
oS

  
  

  
  

  

        

20
oS to 60

oS

  
  

  
  

  

        

60
oS to 90

oS

-1000.0
-10.0

0.0
10.0

1000.0
N

2 O
 (190) / ppbv

        

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
20

40
60

80
100

120
N

2 O
 (190) / ppbv

N
oisy

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-100
-50

0
50

100
N

2 O
 (190) / %

N
oise-Free

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-100
-50

0
50

100
N

2 O
 (190) / %

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
20

40
60

80
100

N
2 O

 (190) / %

FigureA.18:A
sum

m
ary

ofthev1.5
dataquality

for190G
H

zN
2 O

,asforfigureA
.17

butforthe
2000d276

testdataset.

EOS MLS Level 2 Version 1.5 Supplement 29

N
2 O



Appendix A. Results for ‘diagnostic’ products
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Figure A.19: The left hand plots show the vertical averaging kernel for 190 GHz N2O for the 1996d051
test data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with
the matching color + symbols). The thick solid black line shows the integrated area under each colored
line. The thick dashed black line denotes the vertical resolution (full width at half maximum) approximately
scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where
the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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A.9. Ozone diagnostic products

A.9 Ozone diagnostic products
Swath name: O3-190, O3-640, O3-2T5

Useful ranges: O3-190: 68 – 0.47 hPa, O3-640: 68 – 0.47 hPa, O3-2T5: 68 – 0.47 hPa

Vertical resolution: O3-190: 3 to 5 km, O3-640: 3 km, O3-2T5: 3 to 4 km

Contacts: Lucien Froidevaux, Email: <lucien@mls.jpl.nasa.gov>,
Yibo Jiang, Email: <ybj@mls.jpl.nasa.gov>

Introduction
The ozone diagnostic products for version 1.5 are taken from the 190 GHz (‘Core+R2’), 640 GHz (‘Core+R4’)
and 2.5 THz (‘Core+R5’) retrievals. These products (labeled with names O3-190, O3-640, and O3-2T5)
are not trusted or retrieved down to heights as low as for the standard (240 GHz) ozone product. O3-190 and
O3-640 retrievals go down to 147 hPa, whereas O3-2T5 retrievals stop at 68 hPa. The poorer results and
oscillations at the higher pressures arise largely because these retrievals use a linearized forward model rather
than the fully non-linear method used for the O3-240 retrievals. In fact, the recommended useful range starts
at 68 hPa.

The standard product (from the 240 GHz Core+R3 retrievals) remains the MLS ozone product of choice for
its recommended vertical range (215 – 0.47 hPa). There is some useful information in the mesosphere for all
these products, but this region requires further investigation.

Simulations
190 GHz O3: The O3-190 is in excellent agreement with the ‘true simulated profile’ within 5% in the strato-

sphere and lower mesosphere, but the differences increase to around 20% in the lower stratosphere and
upper troposphere. Systematic biases oscillate in the middle stratosphere but are within 0.1 ppmv. The
scatter is comparable to the estimated precision in the altitude range below 10 hPa, but lower than the
precision above 10 hPa.

640 GHz O3: Simulations indicate excellent retrieval closure (to better than a few percent) in the stratosphere,
with some exceptions in the lower stratosphere and upper troposphere where biases of about 10% are
seen in the northern higher latitude bins. Systematic biases oscillate especially in the mesosphere, but
are within 10% (0.1 ppmv). In high latitudes, the biases at 147 hPa can be higher than 0.1 ppmv, which
amounts to more than 40%. In general, the scatter is slightly lower than the estimated precision in the
whole retrieval range. The precision is lower (around 5%) in the middle stratosphere, and higher (50%) in
both lower mesosphere and lower stratosphere.

2.5 THz O3 The O3-2T5 is generally in agreement with the simulations to within 30%, but shows larger differ-
ences (≤40%) at high latitudes near 68 hPa and overall poorer fits than the other ozone bands, especially
for 2004d051. The scatter for 2005d051 shows a maximum near 10 hPa that is of order 10 – 20% and
larger than the estimated precision.

Vertical Resolution
• Based on Figure A.26, the vertical resolution for O3-190 is 3 km in the lower stratosphere, and degrades

to about 5 km in the upper stratosphere.
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N
oisy

60
oN

 to 90
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 60
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 20
oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oS to 60

oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (190) / ppm
v

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa
N

oise-Free
60

oN
 to 90

oN

  
  

  
  

  

            

20
oN

 to 60
oN

  
  

  
  

  

            

20
oN

 to 20
oS

  
  

  
  

  

            

20
oS to 60

oS

  
  

  
  

  

            

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (190) / ppm
v

            

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0.0
0.2

0.4
0.6

0.8
1.0

O
3  (190) / ppm

v

N
oisy

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (190) / %

N
oise-Free

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (190) / %

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
10

20
30

40
50

O
3  (190) / %

FigureA.21:A
sum

m
ary

ofthev1.5
dataquality

for190G
H

zO
3 ,asforfigureA

.20
butforthe

2000d276
testdataset.

EOS MLS Level 2 Version 1.5 Supplement 33

O
3



Appendix A. Results for ‘diagnostic’ products

N
oisy

60
oN

 to 90
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 60
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 20
oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oS to 60

oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (640) / ppm
v

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

N
oise-Free

60
oN

 to 90
oN

  
  

  
  

  

            

20
oN

 to 60
oN

  
  

  
  

  

            

20
oN

 to 20
oS

  
  

  
  

  

            

20
oS to 60

oS

  
  

  
  

  

            

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (640) / ppm
v

            

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0.0
0.2

0.4
0.6

0.8
1.0

O
3  (640) / ppm

v

N
oisy

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (640) / %

N
oise-Free

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (640) / %

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
10

20
30

40
50

O
3  (640) / %

FigureA.22:
A

sum
m

ary
ofthe

v1.5
data

quality
for640G

H
z

O
3

forthe
1996d051

testdata
set.Each

row
ofpanelsrepresentsa

broad
latitude

bin.The
firsttw

o
colum

nscolum
nsshow

the
differencesbetw

een
the

retrieved
640G

H
z

O
3

and
the

true
O

3
asa

function
ofpressure,forthe

noisy
and

noise
free

case,along
w

ith
a

solid
line

w
hich

show
sthe

m
edian

bias.
The

m
edian

biasofthe
Status=0

profiles(i.e.,those
notsignificantly

affected
by

clouds)isshow
n

in
red.The

third
colum

n
show

sthe
m

ean
estim

ated
precision

of640G
H

z
O

3
(solid

line),and
the

rm
sscatteraboutthe

m
ean

biasin
the

noisy
(broken

line)and
noise

free
(dotted

line)cases.The
rem

aining
three

colum
nsshow

the
sam

e
inform

ation
asin

the
firstthree

colum
nsin

theform
ofa

percentageofthetruevalues.

O
3

34 EOS Microwave Limb Sounder



A.9. Ozone diagnostic products

N
oisy

60
oN

 to 90
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 60
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 20
oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oS to 60

oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (640) / ppm
v

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa
N

oise-Free
60

oN
 to 90

oN

  
  

  
  

  

            

20
oN

 to 60
oN

  
  

  
  

  

            

20
oN

 to 20
oS

  
  

  
  

  

            

20
oS to 60

oS

  
  

  
  

  

            

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (640) / ppm
v

            

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0.0
0.2

0.4
0.6

0.8
1.0

O
3  (640) / ppm

v

N
oisy

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (640) / %

N
oise-Free

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (640) / %

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
10

20
30

40
50

O
3  (640) / %

FigureA.23:A
sum

m
ary

ofthev1.5
dataquality

for640G
H

zO
3 ,asforfigureA

.22
butforthe

2000d276
testdataset.

EOS MLS Level 2 Version 1.5 Supplement 35

O
3



Appendix A. Results for ‘diagnostic’ products

N
oisy

60
oN

 to 90
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 60
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 20
oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oS to 60

oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (2T5) / ppm
v

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

N
oise-Free

60
oN

 to 90
oN

  
  

  
  

  

            

20
oN

 to 60
oN

  
  

  
  

  

            

20
oN

 to 20
oS

  
  

  
  

  

            

20
oS to 60

oS

  
  

  
  

  

            

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (2T5) / ppm
v

            

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0.0
0.2

0.4
0.6

0.8
1.0

O
3  (2T5) / ppm

v

N
oisy

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (2T5) / %

N
oise-Free

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (2T5) / %

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
10

20
30

40
50

O
3  (2T5) / %

FigureA.24:
A

sum
m

ary
ofthe

v1.5
data

quality
for2.5TH

z
O

3
forthe

1996d051
testdata

set.
Each

row
ofpanelsrepresentsa

broad
latitude

bin.The
firsttw

o
colum

nscolum
nsshow

the
differencesbetw

een
the

retrieved
2.5TH

z
O

3
and

the
true

O
3

asa
function

ofpressure,forthe
noisy

and
noise

free
case,along

w
ith

a
solid

line
w

hich
show

sthe
m

edian
bias.

The
m

edian
biasofthe

Status=0
profiles(i.e.,those

notsignificantly
affected

by
clouds)isshow

n
in

red.The
third

colum
n

show
sthe

m
ean

estim
ated

precision
of2.5TH

z
O

3
(solid

line),and
the

rm
sscatteraboutthe

m
ean

biasin
the

noisy
(broken

line)and
noise

free
(dotted

line)cases.The
rem

aining
three

colum
nsshow

the
sam

e
inform

ation
asin

the
firstthree

colum
nsin

theform
ofa

percentageofthetruevalues.

O
3

36 EOS Microwave Limb Sounder



A.9. Ozone diagnostic products

N
oisy

60
oN

 to 90
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 60
oN

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oN

 to 20
oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

20
oS to 60

oS

  
  

  
  

  

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (2T5) / ppm
v

0.010
0.1

1.0

10.0

100.0
1000.0

Pressure / hPa
N

oise-Free
60

oN
 to 90

oN

  
  

  
  

  

            

20
oN

 to 60
oN

  
  

  
  

  

            

20
oN

 to 20
oS

  
  

  
  

  

            

20
oS to 60

oS

  
  

  
  

  

            

60
oS to 90

oS

-10.0
-0.1

0.0
0.1

10.0
O

3  (2T5) / ppm
v

            

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0.0
0.2

0.4
0.6

0.8
1.0

O
3  (2T5) / ppm

v

N
oisy

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (2T5) / %

N
oise-Free

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

-40
-20

0
20

40
O

3  (2T5) / %

Precision &
 Scatter

60
oN

 to 90
oN

20
oN

 to 60
oN

20
oN

 to 20
oS

20
oS to 60

oS

60
oS to 90

oS

0
10

20
30

40
50

O
3  (2T5) / %

FigureA.25:A
sum

m
ary

ofthev1.5
dataquality

for2.5TH
zO

3 ,asforfigureA
.24

butforthe
2000d276

testdataset.

EOS MLS Level 2 Version 1.5 Supplement 37

O
3



Appendix A. Results for ‘diagnostic’ products

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Kernel, Integrated kernel

1000.0

100.0

10.0

1.0

0.1

Pr
es

su
re

 / 
hP

a

-2 0 2 4 6 8 10 12
FWHM / km70N

-2 -1 0 1 2
Profile number

0 1 2 3 4
FWHM /profiles, Integrated kernel

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Kernel, Integrated kernel

1000.0

100.0

10.0

1.0

0.1

Pr
es

su
re

 / 
hP

a

-2 0 2 4 6 8 10 12
FWHM / kmEquator

-2 -1 0 1 2
Profile number

0 1 2 3 4
FWHM /profiles, Integrated kernel

Figure A.26: The left hand plots show the vertical averaging kernel for 190 GHz O3 for the 1996d051 test
data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with the
matching color + symbols). The thick solid black line shows the integrated area under each colored line. The
thick dashed black line denotes the vertical resolution (full width at half maximum) approximately scaled
into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where the
profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.27: The left hand plots show the vertical averaging kernel for 640 GHz O3 for the 1996d051 test
data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with the
matching color + symbols). The thick solid black line shows the integrated area under each colored line. The
thick dashed black line denotes the vertical resolution (full width at half maximum) approximately scaled
into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where the
profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.28: The left hand plots show the vertical averaging kernel for 2.5 THz O3 for the 1996d051 test
data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with the
matching color + symbols). The thick solid black line shows the integrated area under each colored line. The
thick dashed black line denotes the vertical resolution (full width at half maximum) approximately scaled
into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where the
profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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A.9. Ozone diagnostic products

• Based on Figure A.27, the vertical resolution for O3-640 is 3 km in the lower stratosphere, and about
3 km in the recommended useful vertical range.

• Based on Figure A.28, the vertical resolution for O3-2T5 is 3 km in the lower stratosphere, and increases
to 4 km near 0.46 hPa.

Early Results and Validation
Since the ozone standard product (O3-240) is the main ozone product and is being validated in a variety of
ways, we will mostly provide comparisons of the diagnostic products with the standard ozone product. We have
observed that in the cases studied to date (see Figure A.29, as an example versus SAGE II data), the O3-240
retrievals provide the best overall comparisons, although this may not be true in the lower mesosphere, where
it tends to have somewhat of a high bias. There is a slightly low bias in the uppermost stratosphere for all O3
products.

Figure A.30 shows an example of zonal mean diagnostic ozone products compared to the standard ozone
product (O3-240) for June 15, 2005. The O3-190 is on the low side but within 10%, except above the
stratopause. O3-640 is in general closer to the standard product values than is O3-190 in the stratosphere but
has some higher ozone values around the ozone peak. O3-2T5 is comparable to O3-640 in the stratosphere,
but it goes in the opposite direction in the mesosphere (higher than the standard ozone values).

Real data retrievals (August 2004 – June 2005) indicate that zonal averaged differences (in 5◦bins) between
the O3-190, O3-640, O3-2T5 products and the standard ozone product are within 10% in the lower meso-
sphere and stratosphere with some exceptions (Figure A.31, Figure A.32).

Figure A.33 shows the percent difference of diagnostic ozone against standard ozone on six typical pressure
levels for all the retrievals as of the time of writing this document. Both Figure A.33 and Figure A.34 indicate
that the retrievals are generally stable for all the diagnostic products. The largest differences occur at high
latitudes and large pressures.

190 GHz O3 O3-190 has generally lower values than the standard ozone product, with differences reaching
−0.9 ppmv in the equatorial region around the peak of the profile. In the 100 – 147 hPa range especially
at low latitudes, O3-190 shows larger percentage differences (>20%) and is not recommended there.

640 GHz O3 shows a consistently higher bias (10% or as high as 1 ppmv) against the standard ozone product
between 20 – 30 hPa just below the peak of the ozone profile in the equatorial and mid-latitude range. It
oscillates between −5% and 5% of the standard product values in most of the stratosphere and lower
mesosphere, but is generally higher than the standard ozone by about 5% in the stratosphere. Larger
differences (of more than 10%) occur in the lower latitudes (≤60◦) around 20 hPa. Both O3-190 and
O3-640 are lower than the standard ozone by up to 30% in the lower mesosphere. O3-640 matches
the standard ozone values better than O3-190 in this region. However, the standard product seems to
be biased high there. We will continue to investigate this issue. In the lower stratosphere and upper
troposphere, the differences depend on both latitude and season. Accordingly this diagnostic product
is not recommended for use at altitudes below 68 hPa, especially latitudes equatorward of 55◦. Larger
differences occur in the Antarctic ozone hole period in the lower stratosphere in both the O3-190 and
O3-640, so one needs to use caution in this time and region; more validation is needed in this respect for
all the ozone products, but the standard product is still the product of choice.

2.5 THz O3 is in general significantly noisier and has higher values than the standard ozone product in the
mesosphere and lower stratosphere, but it shows lower values in the upper stratosphere. It is lower than
the standard ozone by about 10 – 15% in the upper stratosphere and higher by about 10 – 15% in the lower
stratosphere. Figure A.31 and Figure A.32 show a strong seasonal dependence of O3-2T5 differences
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with respect to the standard ozone product. The maximum differences (∼25%) appear in the winter polar
region. Localized anomalies of about 10% (Figure A.32) in the equatorial region above 10 hPa, shown in
June 2005, need to be further investigated. The O3 emission temperature sensitivity (which is large for the
2.5 THz lines) is somewhat uncertain and seems to be affecting the stability of this product.

Data Screening
Pressure range: Values outside the recommended ranges are not recommended for use. The standard ozone

product is preferred for all heights.

Estimated Precision: Values at altitudes where the estimated precision is flagged negative should not be used,
to avoid too strong an a priori influence (see section 1.3).

Status flag: Any profile for which status is an odd number should not be used (see section 1.4).

Clouds: Given that we are not recommending these non-standard ozone products for pressure ≥ 68 hPa, there
is currently no apparent need to discard profiles or profile portions where status values indicate the exis-
tence/influence of clouds (see section 1.4).

Artifacts
• Significant oscillations are observed in the tropical lower stratosphere and upper troposphere, where these

products are losing sensitivity and are not recommended for use.

• The THz product (O3-2T5) seems to have a temperature/seasonal dependence.

Priorities for future data version(s)
We will continue investigations of the larger differences between the various bands, but many of the results are
not outside our expectations, given the 5% or larger (especially for the THz data) uncertainties that are expected
from potential errors in spectroscopy and its temperature dependence. Priority will be given to improving the
240 GHz standard ozone product.
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Figure A.29: MLS and SAGE II O3 comparisons: Average differences (circles) for northern hemisphere
(left panel) and southern hemisphere (right panel) are given for MLS minus SAGE II abundances, expressed
as a percent difference from the corresponding averaged SAGE II profiles, with error bars representing twice
the estimated error in the means; if no error bar is apparent, it is small and hidden by the symbol itself. Also
shown are the standard deviations of the differences (triangles).
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Figure A.30: Example of diagnostic ozone vertical profile zonal mean comparisons (percent differences
from the standard product) on June 15, 2005. Red line is O3-640, green line is O3-190, and blue line is
O3-2T5.
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MLS O3 Zonal Mean (January 2005)
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Figure A.31: Example of the diagnostic and standard ozone products for January 2005. The top panel shows
the ozone abundances; the middle panel gives the percentage differences between the diagnostic ozone and
standard ozone; the bottom panel shows the absolute differences in ppmv.
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A.9. Ozone diagnostic products
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Figure A.32: Same as last figure, except for June 2005.
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Figure A.33: Percent differences at 70◦N on six pressure levels between the various MLS retrievals of O3
and the standard (240 GHz) MLS O3 retrieval from January to June 2005. Red line is O3-640, green line is
O3-190, and blue line is O3-2T5.
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Figure A.34: Percent differences at 40◦N between the various MLS retrievals of O3 (top panel for O3-190,
middle panel for O3-640 and bottom panel for O3-2T5) and the standard (240 GHz) MLS O3 retrieval
during January 2005. A positive difference means that the diagnostic ozone products give a larger value than
the standard product.

EOS MLS Level 2 Version 1.5 Supplement 47

O
3



Appendix A. Results for ‘diagnostic’ products

O
3

48 EOS Microwave Limb Sounder



A.10. Temperature from various retrieval phases

A.10 Temperature from various retrieval phases
Swath name: Temperature-phase

Contact: Michael Schwartz, Email: <michael@mls.jpl.nasa.gov>

Each phase of the MLS v1.5 software produces it’s own temperature retrieval, consistent with the set of
radiances and uncertainties used in that phase. Some radiances (e.g., band 1) are used in all phases while others
(e.g., band 8 in Core+R3) are only used in a single phase.

The standard product for temperature is taken from the Core retrieval from 316 – 1.41 hPa and from Core+R2A
from 1 – 0.001 hPa. Temperature from other phases are stored as diagnostic products. Temperatures from
Core+R2A and Core+R3 have superior vertical resolution to those of Core in the upper troposphere and lower
stratosphere (UTLS)

but preliminary validation shows them to have larger biases than Core (see Figure A.56) and have instability
to vertical oscillations at the lowest retrieval levels (316 – 100 hPa.) Core+R2A includes a full-forward-model
calculation in the opaque 183-GHz H2O line center; its temperature has slightly better vertical resolution in the
troposphere and is expected to be more accurate than that of the linearized Core+R2B.

Simulations
Simulated retrievals (see Figures A.35 – A.48) have similar biases and estimated precisions for all phases, with
larger systematic differences between the two test days than among the phases. Biases in simulations are gener-
ally less than 1 K in the upper troposphere and stratosphere, except as noted below. The lowest retrieved level
often shows larger biases (for example in Figure A.36 in the northernmost bin.) Retrieval biases for 1996d051
have a vertical oscillation in the upper stratosphere and lower mesosphere (near 1 hPa) of ±1 – 2 K magnitude
and the 2000d276 simulations are poorly-behaved in the upper mesosphere and lower thermosphere (above
0.1 hPa.) The Core+R4A and Core+R4B retrieval range is 141 – 0.001 hPa and the Core+R5 retrieval range is
100 – 0.001 hPa and the 2000d276 retrieval shows a 1-K vertical oscillation in the lowest retrieved levels.

Vertical resolution
Vertical resolutions of the temperatures from the different phases (shown in Figures A.49 – A.55) are generally
similar to that of the standard product except in the UTLS. Here, the Core+R2A and Core+R3 products have
superior vertical resolution to that of Core, particularly in the upper troposphere and lower stratosphere where
they benefit from isotopic O2 line in band 8 and the saturated water vapor line in band 2, respectively. Averaging
kernel FWHM in the UTLS peak at 8 km for Core at 141 hPa, 5.5 km for Core+R2A at 215 hPa, 6 km for
Core+R2B at 215 hPa, 4.5 km for Core+R3 at 215 hPa and at 6 km for Core+R4A,B at 100 hPa. Core+R2A’s use
of a full forward model on strong water vapor lines accounts for its superior vertical resolution to Core+R2B.

Early results and validation
Figure A.56 compares shows average differences between the various MLS temperature products and the tem-
perature from the GEOS assimilation model. Core+R3, which has the best vertical resolution of the phases,
displays vertical oscillation in its lowermost levels. Day averages are 8 – 9 K warmer than GEOS-4 at 316 hPa,
cooler by 2 – 3 K at 100 hPa and have larger variances at these levels than can be attributed to narrower averaging
kernels. It is hoped that the contribution of Core+R3’s vertical resolution can be utilized in future versions, it is
not recommended for use at this time.
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Core+R2A Temperature is significantly better-behaved than Core+R3 Temperature in preliminary validation
studies, although it does appear to be somewhat more prone to vertical oscillations than Core. Both Core+R2A
and Core+R3 are significantly more stable than they were in previous versions of the software. Core is conser-
vatively recommended as the standard temperature at retrieval levels below 1 hPa, but Core+R2A Temperature
may be preferred for some work.
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A.10. Temperature from various retrieval phases
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Figure A.35: A summary of the v1.5 data quality for Core Temperature for the 1996d051 test data set.
Each row of panels represents a broad latitude bin. The first two columns show the differences between
the retrieved Core Temperature and the true Temperature as a function of pressure, for the noisy and noise
free case, along with a solid line which shows the median bias. The median bias of the Status=0 profiles
(i.e., those not significantly affected by clouds) is shown in red. The third column shows the mean estimated
precision of Core Temperature (solid line), and the rms scatter about the mean bias in the noisy (broken line)
and noise free (dotted line) cases.
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Figure A.36: A summary of the v1.3 data quality for Core Temperature, as for figure A.35 but for the
2000d276 test data set.
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Figure A.37: A summary of the v1.5 data quality for Core+R2A Temperature for the 1996d051 test data
set. Each row of panels represents a broad latitude bin. The first two columns show the differences between
the retrieved Core+R2A Temperature and the true Temperature as a function of pressure, for the noisy and
noise free case, along with a solid line which shows the median bias. The median bias of the Status=0
profiles (i.e., those not significantly affected by clouds) is shown in red. The third column shows the mean
estimated precision of Core+R2A Temperature (solid line), and the rms scatter about the mean bias in the
noisy (broken line) and noise free (dotted line) cases.
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Figure A.38: A summary of the v1.3 data quality for Core+R2A Temperature, as for figure A.37 but for the
2000d276 test data set.
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Figure A.39: A summary of the v1.5 data quality for Core+R2B Temperature for the 1996d051 test data
set. Each row of panels represents a broad latitude bin. The first two columns show the differences between
the retrieved Core+R2B Temperature and the true Temperature as a function of pressure, for the noisy and
noise free case, along with a solid line which shows the median bias. The median bias of the Status=0
profiles (i.e., those not significantly affected by clouds) is shown in red. The third column shows the mean
estimated precision of Core+R2B Temperature (solid line), and the rms scatter about the mean bias in the
noisy (broken line) and noise free (dotted line) cases.
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Figure A.40: A summary of the v1.3 data quality for Core+R2B Temperature, as for figure A.39 but for the
2000d276 test data set.

T

56 EOS Microwave Limb Sounder
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Noisy
60oN to 90oN

          

0.001

0.010

0.1

1.0

10.0

100.0
1000.0

Pr
es

su
re

 / 
hP

a

20oN to 60oN

          

0.001

0.010

0.1

1.0

10.0

100.0
1000.0

Pr
es

su
re

 / 
hP

a

20oN to 20oS

          

0.001

0.010

0.1

1.0

10.0

100.0
1000.0

Pr
es

su
re

 / 
hP

a

20oS to 60oS

          

0.001

0.010

0.1

1.0

10.0

100.0
1000.0

Pr
es

su
re

 / 
hP

a

60oS to 90oS

-100.0 -10.0 0.0 10.0 100.0
T CorePlusR3 / K

0.001

0.010

0.1

1.0

10.0

100.0
1000.0

Pr
es

su
re

 / 
hP

a
Noise-Free
60oN to 90oN

          

  

  

  

  

  

  
  

20oN to 60oN

          

  

  

  

  

  

  
  

20oN to 20oS

          

  

  

  

  

  

  
  

20oS to 60oS

          

  

  

  

  

  

  
  

60oS to 90oS

-100.0 -10.0 0.0 10.0 100.0
T CorePlusR3 / K

  

  

  

  

  

  
  

Precision & Scatter
60oN to 90oN

20oN to 60oN

20oN to 20oS

20oS to 60oS

60oS to 90oS

0.0 0.5 1.0 1.5 2.0
T CorePlusR3 / K

Figure A.41: A summary of the v1.5 data quality for Core+R3 Temperature for the 1996d051 test data set.
Each row of panels represents a broad latitude bin. The first two columns show the differences between the
retrieved Core+R3 Temperature and the true Temperature as a function of pressure, for the noisy and noise
free case, along with a solid line which shows the median bias. The median bias of the Status=0 profiles
(i.e., those not significantly affected by clouds) is shown in red. The third column shows the mean estimated
precision of Core+R3 Temperature (solid line), and the rms scatter about the mean bias in the noisy (broken
line) and noise free (dotted line) cases.
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Figure A.42: A summary of the v1.3 data quality for Core+R3 Temperature, as for figure A.41 but for the
2000d276 test data set.
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A.10. Temperature from various retrieval phases
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Figure A.43: A summary of the v1.5 data quality for Core+R4A Temperature for the 1996d051 test data
set. Each row of panels represents a broad latitude bin. The first two columns show the differences between
the retrieved Core+R4A Temperature and the true Temperature as a function of pressure, for the noisy and
noise free case, along with a solid line which shows the median bias. The median bias of the Status=0
profiles (i.e., those not significantly affected by clouds) is shown in red. The third column shows the mean
estimated precision of Core+R4A Temperature (solid line), and the rms scatter about the mean bias in the
noisy (broken line) and noise free (dotted line) cases.
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Figure A.44: A summary of the v1.3 data quality for Core+R4A Temperature, as for figure A.43 but for the
2000d276 test data set.
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A.10. Temperature from various retrieval phases
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Figure A.45: A summary of the v1.5 data quality for Core+R4B Temperature for the 1996d051 test data
set. Each row of panels represents a broad latitude bin. The first two columns show the differences between
the retrieved Core+R4B Temperature and the true Temperature as a function of pressure, for the noisy and
noise free case, along with a solid line which shows the median bias. The median bias of the Status=0
profiles (i.e., those not significantly affected by clouds) is shown in red. The third column shows the mean
estimated precision of Core+R4B Temperature (solid line), and the rms scatter about the mean bias in the
noisy (broken line) and noise free (dotted line) cases.
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Figure A.46: A summary of the v1.3 data quality for Core+R4B Temperature, as for figure A.45 but for the
2000d276 test data set.
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A.10. Temperature from various retrieval phases
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Figure A.47: A summary of the v1.5 data quality for Core+R5 Temperature for the 1996d051 test data set.
Each row of panels represents a broad latitude bin. The first two columns show the differences between the
retrieved Core+R5 Temperature and the true Temperature as a function of pressure, for the noisy and noise
free case, along with a solid line which shows the median bias. The median bias of the Status=0 profiles
(i.e., those not significantly affected by clouds) is shown in red. The third column shows the mean estimated
precision of Core+R5 Temperature (solid line), and the rms scatter about the mean bias in the noisy (broken
line) and noise free (dotted line) cases.
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Figure A.48: A summary of the v1.3 data quality for Core+R5 Temperature, as for figure A.47 but for the
2000d276 test data set.
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A.10. Temperature from various retrieval phases
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Figure A.49: The left hand plots show the vertical averaging kernel for Core Temperature for the 1996d051
test data set. The colored lines denote the averaging kernels for individual retrieved surfaces (denoted with
the matching color + symbols). The thick solid black line shows the integrated area under each colored
line. The thick dashed black line denotes the vertical resolution (full width at half maximum) approximately
scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar manner, where
the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).

EOS MLS Level 2 Version 1.5 Supplement 65

T



Appendix A. Results for ‘diagnostic’ products

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Kernel, Integrated kernel

1000.000

100.000

10.000

1.000

0.100

0.010

0.001

Pr
es

su
re

 / 
hP

a

-2 0 2 4 6 8 10 12
FWHM / km70N

-2 -1 0 1 2
Profile number

0 1 2 3 4
FWHM /profiles, Integrated kernel

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Kernel, Integrated kernel

1000.000

100.000

10.000

1.000

0.100

0.010

0.001

Pr
es

su
re

 / 
hP

a

-2 0 2 4 6 8 10 12
FWHM / kmEquator

-2 -1 0 1 2
Profile number

0 1 2 3 4
FWHM /profiles, Integrated kernel

Figure A.50: The left hand plots show the vertical averaging kernel for Core+R2A Temperature for the
1996d051 test data set. The colored lines denote the averaging kernels for individual retrieved surfaces
(denoted with the matching color + symbols). The thick solid black line shows the integrated area under
each colored line. The thick dashed black line denotes the vertical resolution (full width at half maximum)
approximately scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar
manner, where the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.51: The left hand plots show the vertical averaging kernel for Core+R2B Temperature for the
1996d051 test data set. The colored lines denote the averaging kernels for individual retrieved surfaces
(denoted with the matching color + symbols). The thick solid black line shows the integrated area under
each colored line. The thick dashed black line denotes the vertical resolution (full width at half maximum)
approximately scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar
manner, where the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.52: The left hand plots show the vertical averaging kernel for Core+R3 Temperature for the
1996d051 test data set. The colored lines denote the averaging kernels for individual retrieved surfaces
(denoted with the matching color + symbols). The thick solid black line shows the integrated area under
each colored line. The thick dashed black line denotes the vertical resolution (full width at half maximum)
approximately scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar
manner, where the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.53: The left hand plots show the vertical averaging kernel for Core+R4A Temperature for the
1996d051 test data set. The colored lines denote the averaging kernels for individual retrieved surfaces
(denoted with the matching color + symbols). The thick solid black line shows the integrated area under
each colored line. The thick dashed black line denotes the vertical resolution (full width at half maximum)
approximately scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar
manner, where the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.54: The left hand plots show the vertical averaging kernel for Core+R4B Temperature for the
1996d051 test data set. The colored lines denote the averaging kernels for individual retrieved surfaces
(denoted with the matching color + symbols). The thick solid black line shows the integrated area under
each colored line. The thick dashed black line denotes the vertical resolution (full width at half maximum)
approximately scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar
manner, where the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.55: The left hand plots show the vertical averaging kernel for Core+R5 Temperature for the
1996d051 test data set. The colored lines denote the averaging kernels for individual retrieved surfaces
(denoted with the matching color + symbols). The thick solid black line shows the integrated area under
each colored line. The thick dashed black line denotes the vertical resolution (full width at half maximum)
approximately scaled into kilometers. The right hand plots show the horizontal averaging kernels in a similar
manner, where the profiles are spaced at 1.5◦ great circle angle (approximately 165 km).
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Figure A.56: Mean biases of five temperature phases relative to GEOS-4 for a typical day are shown in the
left panel. In all phases, a warm bias in the MLS relative GEOS-4 of 1 – 2 K is evident in the stratosphere and
there is a vertical oscillation near 10 hPa. A vertical oscillation at the 100 hPa level and lower is particularly
apparent in Core+R3 temperature, and to a lesser extent in the other phases. This oscillation in Core+R3 is
also apparent in the increased scatter shown in the right panel.
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