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e Vertical resolution and the approach to enhancing it should be carefully analysed
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validated. Averaging kernels calculated on a high resolution grid (with finer spaging

than used in the retrieval if necessary) are critical in this regard. In addition, retrig
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simulations on detailed high-resolution synthetic radiance profiles with realistic npise

and systematic error values should be studied, the ability to retrieve at higher
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lution verified and quantified and constraint effects clearly described. This is critical
to low-altitude data quality. Detailed, full, blind retrieval simulations should be done
to verify expected performance. It must be demonstrated that the spectral informpation
from well resolved lines provides the additional information necessary to achieve the

desired 2 km resolution from a 4—6 km field-of-viesweraging kernels have bee
calculated on a-0.5 km grid and the high vertical resolution possible fagrQHand
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temperature in the troposphere verified and analysed (see Sgction 5). Blind reftrieval
simulations and detailed sensitivity studies are planned after the operational software

is more mature; the results will be documented in later versions of this documen
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EOS MLS Retrieved Geophysical Parameter Precision Estimates

1 Scope and relation to other documents

This document reports the precision of EOS MLS in the troposphere and stratosphere, estimated from
simulations of the EOS MLS measurement process. The reader is referred to Waters (1999) for an overview
of the EOS MLS experiment.

The simulations use a model of the measurement process, based on the parameters _given by Waters (1999).
While the model makes some approximations of geophysical and instrumental effects, the results should
be representative of the measurement capabilities of EOS MLS. The major limitation of the simulations is
the treatment of cirrus (and other) clouds. In most of the simulations a clear atmosphere is assumed. For
calculating the sensitivity to cirrus ice water content, and for calculating the effects of thick cirrus on the
sensitivity to other tropospheric species, scattering in the cirrus clouds is neglected and only absorption and
emission are considered, which is valid only for clouds with particle diameters less-t@hum (Dong

Wu, personal communication). Liquid water clouds have not been included. Although these absorb strongly

in the frequency region used by EOS MLS, they generally occur below the targeted altitude range.

These types of simulations have helped guide some of the EOS MLS instrument design, e.g. feasibility
of measuring particular chemical species and placement of spectrometer channels. The current simulations
will be useful in planning the scientific exploitation of the EOS MLS data, and can serve as a ‘reference’ to
check against the measurement capability in actual operation.

2 Introduction to the simulation model

2.1 EOS MLS

EOS MLS measures electromagnetic radiation emitted from the Earth’s atmosphere in the frequency regions
100-600 GHz and 2.5 THz (Waters 1999). The radiances are measured at a series of boresight angles
(equivalent to tangent heights or tangent pressures). The measured radiances as a function of boresight angle
can be inverted (Livesey and Wu 1999) to derive profiles of geophysical parameters (the Data Products):
chemical mixing ratios, temperature, geopotential height and ice water content (IWC). Tangent pressure,
although not a Data Product, is also required as a geophysical parameter in the inversion (equivalently,
tangent height could be used).

The ‘measurement chain’ for EOS MLS is:

e Atmosphere: chemical mixing ratios and temperatoe §s functions of pressure)
J radiative transitions between rotational states of molecules
e local absorption, emission and scattering coefficients of radiation in the GHz and THz bands

| radiative transfer in direction of EOS MLS, integration over the field-of-view (FOV) of the primary
antenna, and scanning of primary antenna boresight vertically

e profile (with respect to boresight angle) of radiantedollected in the FOV of EOS MLS
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J frequency down-conversion, frequency analysis in spectrometer, detection and integration during each
integration period, measurement of limb tangent height)(of each integration period

e raw radiance profilel(), limb tangent height profileh{)
J calibration

e calibrated radiance profilg;{, radiance uncertainty covariance mat&), calibrated limb tangent height
profile (h;), tangent height uncertainty covariance matfx)(

| retrieval (inversion) process, perhaps with iterations

e estimated geophysical parameters (Data Productsf¢ophysical parameter uncertainty covariance ma-
trix (i.e. precision) &)

For the purposes of estimating the precision of the geophysical parameters, the important parts of this
process are the estimates of the radiance and tangent height uncertainty, and enough of the retrieval process
to transform the radiance and tangent height uncertainty into geophysical parameter uncertainty.

2.2 Radiance uncertainty estimates

The radiance uncertainty estimates in the simulations are based on the ‘Maximum Expected Noise’ esti-
mates given in Table 5-2 of Waters (1999). These estimates are used to construct the radiance uncertainty
covariance matriX, required in the retrieval process (see Sedtioh 3.4).

2.3 Tangent height uncertainty estimates

The tangent height uncertainty estimates in the simulations are based on the values given for elevation angle
(x) uncertainties in Section 5.5 lof Waters (1999), transforming fgota tangent heighh by scaling with

the nominal tangent-point-to-EOSMLS distance for a 16 km tangent height (3062 km). The resulting tangent
height uncertainty is then used to construct the tangent height uncertainty covarianceSnedtuired in

the retrieval process (see Section 3.5).

2.4 Retrieval process

The method to be used in EOS MLS to invert the radiances and tangent heights to give geophysical parame-
ters (Livesey and Wu 1999) is optimal estimation (Rodgers|1976). One of the products of this method is an
estimate of the uncertainty in the geophysical parameters. This uncertainty is given as a covariance matrix
S«, Where usually there are correlations between errors at different levels of any one geophysical parameter
(because of the limited vertical resolution of EOS MLS), and often there are correlations between errors in
different geophysical parameters (e.g. because of overlapping spectral lines). The diagonal ele8ents of
are used as the precision estimates.

The formula forS; is
Sc= (S T+ KTS K+ Kp 'S K, 1)
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where S, is the radiance uncertainty covariance matfi,is the tangent height uncertainty covariance
matrix, K is the matrix of sensitivities of radiance to changes in geophysical and instrumental parameters,
Ky is the matrix of sensitivities of tangent height to changes in geophysical and instrumental parameters,
andS; is thea priori uncertainty covariance matrix. In this equation, the measurement process has already
been discretised: the radiances (and tangent heights, of course) are measured at discrete tangent heights
(integration periods) and the geophysical parameters are given as coefficients of a set of basis functions.
The simulation model assumes that the atmosphere is locally spherically homogeneous, so the geophysical
parameters in each profile are functions of pressure only, and uses basis functions that are triangular in
log(pressurgto give piecewise linear profiles.

The sensitivity matriX is the discretisation of the functional derivative

s1(b, J, xi)

3% (Pm)

for geophysical parameters, or the partial derivative

al (b, J, xi)

api

for FOV tangent pressung, wherel (b, j, xi) is the FOV-averaged and filter-averaged radiance at EOS MLS,
for FOV boresight angle;, filter j of bandb, andx (pm) is thelth geophysical parameter at presspre

Since the GHz and THz modules have separate scans, there are two separate sets of tangent pressure deriva-
tives.

(@)

3)

The sensitivity matriXXy, is the discretisation of the functional derivative

sh(xi) ()
3% (Pm)
for geophysical parameters, or the partial derivative
ah(xi)
5
i 5)

for FOV tangent pressung , whereh(x;) is the tangent height for FOV boresight angleandx, (pn) is the
Ith geophysical parameter at presspge Since the GHz and THz modules have separate scans, there are
two separate sets of tangent pressure derivatives.

In the operational retrieval, andS; are estimated in the Level 1 processing (Jarnot 1999), ank{ ted

Ky matrices will be calculated using the model described by Read|(1999). For the simulations, the values
given by Waters! (1999, Table 5-2 and Section 5.5) are used to con§jraetd S, and theK and Ky,
matrices are calculated for a typical atmosphere and nominal instrumental characteristics.

The a priori uncertainty covariance matrix, as its name suggests, is the matrix of the variability of the
geophysical or instrumental parameters, derived from climatology or a (large) set of previous measure-
ments. In practice, only limited information is available and #priori can better be considered a sta-
biliser/regulariser for the inversion oK(' S, *K + K,"S,*Kp). For the simulations of precision, a very
simple a priori matrix is used for the geophysical parameters, with no correlations between parameters,
nor between vertical levels for each parameter (i.e. the matrix is diagonal). There is a trade-off between
stabilising the inversion and biasing the retrieved parameters and uncertainties veitpritie values. For

these simulations, the variability of the geophysical parameters is made large so that the estimated precision
reflects the basic measurement capability of EOS MLS, but not so large as to destabilise the inversion.
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2.5 Averaging kernels

The diagonal elements &, give the precision estimates at a specified vertical resolution (set by the basis
functions used to represent the geophysical parameters). Averaging kernels (Rodgers 1990) can be used to
estimate the vertical resolution at a fixed precision. The averaging kernel rAdtrigiven by

A=1— (S +KTS K +Kp'S Ky is (6)

A is symmetrical and in these simulations is arranged so that the rows (and columns) are ordered by geo-
physical parameter then vertical level, i.e. the matrix can be partitioned into blocks corresponding to pairs
of geophysical parameters. Considering one such block, each row within this is the averaging kernel for
that level of the ‘row’ geophysical parameter with respect to the ‘column’ geophysical parameter. The av-
eraging kernel quantifies how the measurement system averages the true values of geophysical parameters
(i.e. columns ofA) to give the measured values (i.e. rowsAf for an ideal measurement systefnywould

be the identity matrix. Although there may be some contribution to the measured value of the ‘row’ geo-
physical parameter at a particular level from other (‘column’) geophysical parameters, the useful quantity
for investigating resolution is the averaging kernel for identical ‘row’ and ‘column’ geophysical parameters
(i.e., on the diagonal oA)

The fixed precision is set by (and approximately equal to) the magnitude of the elemé&qtsadfich is
diagonal so as not to introduce any extra smoothing. NoteShet not the same as in the precision esti-
mates. For this version of the document, the averaging kernels are computed onjpfanditemperature
(averaging kernels for the other measurements will be added in a future version of the document). In each
case the respective elementsRfare set to the square of the chosen precision. The other elements are set
to the values used for the precision estimate calculations.

To investigate vertical resolution, Equatidn (6) has to be calculated on a fine grid. A fine~@rie km)

is used for the geophysical parameter for which the averaging kernels are required, all others are retrieved
at the ‘standard’ resolution used for the precision estimates.KThmatrices for the averaging kernels are
calculated at-0.5 km resolution.

3 Detalls of the simulation model

3.1 Introduction

The major part of the simulation is the calculation of the sensitivity madrix CalculatingK requires

a forward model, which is the model of the first part of the EOS MLS measurement process, from the
atmosphere to calibrated radiances. The details and background to the forward model used operationally in
EOS MLS are given by Read (1999) (and for UARS MLS by Read (1988) and Read and Shippony (1991)).
The forward model used to create tkematrix for estimating precision includes the same physical effects
and processes, but more approximately.

The calculation oK}, also requires a forward model; this is much simpler than thaKfand is described
in Sectior 3.B.
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The power received at the detector, due to radiance received from atmospheric emission, is

[e.0]

1 1
P, j, Q) :/ Foy (v) fng(ﬂ,ﬂ’)xzél(u,ﬂ’)dg/du

4 Jy

* — 1 — / 21 / /

P(b, j, 2) is the power (W) received in filtgr of bandb, when the antenna boresight is pointing in direction
Q. kaj (v) is the system spectral response for filfesf bandb in the upper/lower sidebandé%f; i (2, Q)
is the antenna gain function, normalised by

75 Gp (R, 2)dQ = 47 (8)
4 '

Gﬁt(sz, Q') are sufficiently weak functions of frequency that they can be calculated at the centre of the
filter j of bandb, but have to be separated into sidebands, since the sideband separation can be 30 GHz at
190 GHz, for examplel (v, ') is the radiance (W st m~2Hz 1) coming into the antenna from direction

Q' at frequencyv. A is the wavelength (m) of the radiation, and the factor g2 is required as each
radiometer is sensitive to only one polarisation.

The system noise temperatures given in Table 5:2 of Waters|(1999) are referred to the primary antenna and
so include all the effects of losses, gains, mixer and amplifier noise. The relevant quantity to compare with
this noise to get precision estimates is the brightness temperatyravétaged (not integrated) over the
normalised filter response and averaged over the FOV response. Writing brightness tempeesture

* CZ

Equation [[¥) leads to the following equation for the averaljed

_ [ — 1
(b, j, R) =/ Fef; (v) /G;;j(sz,sz/)l*(v,sz/)dsz/dv

ar J,
o 1
+/ Fo j (”)_/ Gy (2, ) 1" (v, ) dQ'dv, (10)
—© ’ 4r 4 '
where .
== Fo (v)
Py () = o 11
1) = e )

Further, assuming that the atmosphere is spherically homogeneous in the (horizontal) direction perpendic-
ular to the FOV boresight, the solid angle dependence can be integrated out to a vertical angle dependence
(e.g. as done on UARS MLS):

Todo0 = [ Fo [ G0 eooded
- oo o T
+ f o0 [ o (o x) 17, x) dx’dv, (12)
—00 -
wherey is the boresight vertical angle and

~f ’ 1 ’
Gbi,j(x,x)=ZG§j(x,x) (13)
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is the normalised FOV response. The treatment of the FOV and filter averages is dealt with in[Secfion 3.2.5.

The brightness temperature at EOS MLS(v, x’), is found by solving the equation of radiative trar@fer

di*(v,s)
ds

through the atmosphere along the ray at angt® EOS MLS (refraction is not included in the simulations).
s is the path length along the ray(v, s) is the absorption coefficient antt(v, s) is the source function.
At the frequencies and altitudes of interest, local thermodynamic equilibrium holds, ahdis®) is the
Planck function in temperature units,

=Kk, 9J*(v,s) — 1*(v,9)), (14)

hv/k

V.9 =809 =Frg 1

(15)

So far the brightness temgeratuﬁ(b, i, x), at the primary antenna has been discussed. For the precision
estimates, the derivative of (b, j, x) with respect to geophysical and instrumental parameters is required,
and this is calculated by perturbation, as described below in Sécfionh 3.2.6.

3.2 Parts of the forward model (sensitivity model) for radiance
3.2.1 Geometry

The angley can be transformed to tangent heiglgfiven the satellite orbital radius (7083 km), Earth radius
(6371 km), and assuming spherical symmetry and no refraction. In the simulation model, the transformation
from x to tangent height is approximated by scaling with the nominal tangent-point-to-EOSMLS distance
for a 16 km tangent height (3062 km).

With this transformation, the brightness temperaturés now a function of tangent heiglat
- oo oo ___
*(b, j,2) = / ng(v)/ Gy (z.2) 1*(v,Z)dZ dv
+ / Foj ) / Gpj(2.2) 1*(v,Z)dZ dv, (16)

and the integration of the radiative transfer equationl f@p, z') is now along the ray tangent at height

3.2.2 Atmosphere

To calculatel * and§1*/8x(p), a model atmosphere is required. The simulation model assumes that the
atmosphere is locally spherically homogeneous, so the atmospheric parameters are functions of pressure
only. Most of the atmospheric parameters (temperature and chemical mixing ratios as a function of pres-
sure) come from a run of the THINAIR model for the year 2003 (see Kinnersley and Harwood (1993) for a
description of an earlier version of this model). The THINAIR model produces daylight averaged values, in

IThe precision model does not yet include scattering from ice clouds.
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the vertical range* = 0 km* to z* = 100 km*. (z* = H log;o(po/p) with p = pressurep, = 1000 hPa

andH = 16 km. To differentiate pressure height and geometric height, the unit for pressure height is writ-
ten km*.) Above 60 km* the parameters are taken from Shimazaki (1985), AFGLI(1985) and Hedin (1990).
Some atmospheric parameters have been taken from other sources and combined with the THINAIR model
climatology:

e Geopotential as a function of pressure is calculated using the hydrostatic equation, with reference
geopotential set to 160000%s 2 at 100 hPa.

e Temperature comes from the UARS climatology (UARS Climatology 1994), and in the lower tropo-
sphere from the monthly mean values in Oort (1983).

e H,O comes mainly from the SAGE-2/HALOE climatology (Pumphet\al. 1998), with lower tro-
pospheric values from_Oort (1983). The values near the tropopause have been calculated directly
from SAGE-2 profiles relative to each profile’s tropopause. The resulting me@ndthen shifted
vertically so that the SAGE-2 mean tropopause coincides with the model tropopause. For the Febru-
ary ON atmosphere, the SAGE-2 profiles from 10S to 10N were averaged, and for the February 70N
atmosphere, the SAGE-2 profiles from 50N to 60N were averaged. Fanlgé calculating the
relative humidity uncertainty from the J@ and temperature uncertainties, relative humidity in the
troposphere was set to a constant value based on the average values in the upper troposphere from the
SAGE-2 data. The values were 30% for the February 70N atmosphere and 15% for the February ON
atmosphere.

e O3 in the troposphere was adjusted to match Muller and Brasseur| (1995).

e CO was adjusted to match Muller and Brasseur (1995) in the troposphere and Seloah@h985)
in the stratosphere and mesosphere.

e CIO was adjusted to match values from UARS MLS.
e SO, (assuming no volcanic enhancement) is flom Brasseur and Solomon (1986).

e The ‘standard’ atmospheres have no clouds (the sensitivity to changes in cirrus ice water content can
still be calculated in this case). To test the effect of cirrus clouds on the precision of other tropospheric
species (HO, O; and CO), two synthetic atmospheres with moderate and thick cirrus were used. The
cirrus ‘clouds’ have a triangular shape in pressure height, with mean thickness 2 km*. The cloud
centre is at 6 km* for the February 70N atmosphere, 14 km* for the February ON atmosphere. For
the ‘moderate’ cirrus case the mean IWC was 0.05§;rfor the ‘thick’ cirrus case the mean IWC
was 0.5 g m3. Associated with the cloud, the,® mixing ratio was increased to give 100% relative
humidity at the cloud centre, dropping linearly to the clear-sky values at the top and bottom of the
cloud.

Two ‘typical’ atmospheres have been chosen for the precision simulations. One is for February at the
Equator with tropopause at 16 km*. This gives a tropical atmosphere near the Equinox. The other is for
February at 70N with tropopause at 8 km*, with unperturbed This gives a polar winter atmosphere, but
with some sunlight for chemical activation.

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04 7
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3.2.3 Other geophysical parameters

Gravity is taken from the Smithsonian Meteorological Tahles (List 1968).

Magnetic field is disregarded in the simulations—no Zeeman splitting and consequent polarised radiative
transfer is considered. Zeeman splitting is not important until the total splitting is comparable to the width
of the spectral line (Doppler broadening sets the lower limit on the linewidth), and then only near the line
centre. Out of the spectral lines measured by EOS MLS, Zeeman splitting by the Earth’s magnetic field is
large compared with the Doppler linewidth only for the 118 GHz line ef(€hift for the maximum M|
components is= ~1 MHz, compared with a Doppler width at 200 K 6.1 MHz) and the 233 GHz line

of 800 (shift for the maximumM | components is= ~3 MHz, compared with a Doppler width at 200 K

of ~0.2 MHz). The OH lines in the THz region have significant Zeeman splitting (shift for the maximum
|[M| components i ~1 MHz), but the Doppler width is also large-8 MHz) at these frequencies, and the
effectis a slight increase in line broadening2% change). The CIO lines at 204 GHz have Zeeman splitting
comparable to the Doppler width, but since most of the sensitivity to CIO comes from the lines at 649 GHz,
the effect on the CIO precision of ignoring the splitting in the 204 GHz lines is negligible. The possible effect
of neglecting the Zeeman splitting of the @1d*800 lines has been (very) crudely estimated by repeating

the simulations without the centre filters of the ‘a’ type spectrometers that are centred on these lines, and
also deleting the ‘c’ type spectrometer that is centred on thin®. The result is that the chemical species
precisions are unaffected, and the geopotential height and temperature precision is slightly degraded above
~40 km*; the geopotential height uncertainty at 50 km* changes from 35 m to 37 m, and the temperature
uncertainty at 50 km* changes from 3 K to 3.3 K.

3.2.4 Absorption coefficient

The spectroscopic parameters come from the JPL Catalogue (Ritkét1 992) for line frequency, linestrength
and lower state energy, and from the HITRAN catalogue (Rothetah 1992) for line broadening param-

eters. Vibrational partition functions are included for certain species. SogeC{O, H,0O) are included

in the JPL Catalogue, others (HNGHCN, N,O) have been approximated based on the lowest-lying vibra-
tional states. The parameters for the lDes at 63 GHz and 118 GHz are taken from the MPM93 model
(Liebeet al. 1993), but where negative absorption occurs the absorption is set to zero. For frequencies less
than 1000 GHz, the MPM93 }D line parameters are used, to be consistent with ti@ ¢bntinuum used.

Local thermodynamic equilibrium is assumed everywhere.

Line shape is van Vleck—Weisskopf (VVW), approximately convolved with Doppler (Read 1992). The
approximation is to convolve only the Lorentz part of the VVW shape with the Doppler shape so that a
Voigt function (Drayson code) can be used.

The H,O continuum below 1000 GHz is taken from the MPM93 model. At 2.5 THz no separ#de H
continuum is added as the wings of strongHines in the THz frequency region dominate the ‘continuum’
absorption.

The empirical dry air continuum from UARS MLS (Bill Read, personal communication)

122

Karyair = 1.59 x 107°p*(300/ T)>"H2e +8 10 m1, (17)

8 EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04
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wherep is pressure in hPd, is temperature in Kelvin, andis frequency in MHz, is used below 1000 GHz.
This includes the Blcollision induced absorption. At 2.5 THz the dry air continuum used is thedNision
induced absorption from Borysow and Frommhold (1986).

Cirrus clouds are treated as another species, neglecting scattering and with absorption dependent on the ice
water content (Wu, Waters and Read, document in preparation). This will be valid only for clouds having no
particles with diameters-~100um. The absorption coefficient is based on the long-wave approximation

of Gunn and East (1954) and the refractive index data of Hufford (1991).

3.2.5 Instrument response

Gij (z, Z) is modelled as a Gaussian 2zn- Z/, with half-power points for each radiometer LO frequency
taken from Table 5-4 of Waters (1999). The frequency of the centre of the relevant sideband is then used for
further scaling.

%(v) is modelled as a constant (1/B) in the nominal bandwidtiB of filter j of bandb, zero outside.

The response in the signal and image sidebands can be different, and the system noise temperature is speci-
fied for the signal sideband. For the GHz radiometers the sideband ratio is assumed to(b&B:USB) in

this simulation. For the 2.5 THz radiometer the sideband ratio is not necessalilipdcause of the Fabry-

Perot diplexer, and values from the Preliminary Design Review (PDR 1998) are used (theséardat

the 8.4 GHz IF, 1 0.8 for 12.8 GHz IF, and 1 2 for 20.4 GHz IF).

3.2.6 Discretisation and calculation of derivatives

The atmosphere is discretised in 1 km* steps from 0 km* to 60 km*, and 10 km* steps from 60 km* to
100 km*. The absorption coefficients are calculated with the same discretisation in pressure height and
interpolated linearly in pressure height between levels. Ray radidri¢esz’) are calculated on a tangent
height grid of 1 km*/10 km* also.

The integration of the radiative transfer equation uses an implicit 4th-order Runge-Kutta method.

Frequency was discretised on a varying resolution grid, with finest resolution at the centre of each spectrom-
eter. For the ‘a’-type spectrometers, the grid is 30 points for the centre filter (6 MHz wide) and 5 points per
filter for the other filters (8 to 96 MHz wide). The ‘b’-type spectrometers have the same grid as the ‘a’-type.
Each ‘c’-type spectrometer has a grid of 1 point per filter. Each ‘d’-type spectrometer has a grid of 5 points
for the one filter in the spectrometer.

The filter average is calculated using trapezoidal rule integration over the filter nominal bandwidth. The
FOV average is calculated using direct convolution of the Gaussian FOV response with the ray radiance,
using linear interpolation of the ray radiance between tangent heights.

Temperature, reference geopotential and chemical species mixing ratio derivatives are calculated by pertur-
bation, keeping the tangent pressure constant. The perturbation is at one atmospheric level in turn, equivalent

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04 9
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to perturbation of a triangular basis function, base 2 km*, centred on the level. Temperature perturbations
maintained hydrostatic balance. Pointing derivatives were calculated by perturbing the tangent height, and
converting to the equivalent pressure perturbation.

With the discretisations used, the matrix of derivatiMégatrix) has the form

ko ® D (18)
ax (m)
(geophysical parameters) or o
K = b D (19)
api

(tangent pressure), for filtgrof bandb, tangent level (i.e. integration perioid)arametel and perturbation
levelm.

3.3 The forward model for tangent height

The forward model for tangent height is much simpler than that for radiance. The tangent heights are
calculated as a by-product of the radiance forward model. The geophysical/instrumental parameters that can
affect the tangent height are the reference geopotential, temperapi@earid tangent pressure. Although

H,O will affect the tangent height through the refractive index and, to a lesser extent, the mean molar mass,
its effects are neglected in the simulations since refraction has not been included in the forward model.
The effects of the other parameters can be calculated by integrating the hydrostatic equation with/without
perturbed parameters.

With the discretisations used, the matrix of derivativég (hatrix) has the form

ah()
= 2
" ax (m) (20)
(geophysical parameters) or
K, — 2h® (21)
"~ op

(tangent pressure), for tangent levgbarametel and perturbation leveh.

3.4 Radiance uncertainty $

The radiance uncertainty is modelled using Tgg values given in Waters (1999), Table 5-2.

The (single sideband) spectrally-varying component of radiance uncertainty used is given by the greater of
(Toys + TESE + TUSB) /o/Bt and Almin/3, whereT,-SE is the limb brightness temperature seen through the
EOS MLS antenna, for the lower sidebaf@)3e is the limb brightness temperature for the upper sideband,

B is the nominal filter bandwidth; is the integration time of the measurement axighi, is a lower limit

given in|Waters (1999), Table 5-2 (this lower limit means that some monthly zonal mean uncertainties are

not simply 7/+/30 times the daily zonal mean uncertainties). The spectrally-varying component of radiance

10 EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04
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uncertainty is assumed uncorrelated between filters / DACS channels and between tangent heights (boresight
angles), so its covariance matrix is completely diagonal.

The spectrally-averaged component of radiance uncertainty uses the formula given in Waters (1999), Ta-
ble 5-2, Note 7. It is assumed completely correlated within a radiometer but uncorrelated between tangent
heights and between radiometers, which leads to a block diagonal matrix for this component.

S, has dimensior= [(no. of tangents) (no. of channeld)x [(no. of tangents) (no. of channeld)and is
the sum of the covariance due to the spectrally-varying and spectrally-averaged components of radiance
uncertainty.

The treatment of integration time in the precision simulations is rather different from (but equivalent to) the
operational method. Rather than using the scan program to interpolate the FOV averaged radiances/derivatives
to varying tangent heights at constant integration time step (0.16 s for the nominal scan), the code keeps
the tangent heights fixed at 1 km* steps and varies the integration time per km* using the scan program.
Tangents above and below the scan limits are switched off by reducing their integration time to (nearly)
zero. The scan programs used for the GHz and THz antennae are based on those shown in Figure 6-2 of
Waters (1999). The effect of scan motion during the integration is included by locally averagikg the
matrix.

3.5 Tangent height uncertainty $

The tangent height uncertainties are based on the values given for elevation)gngheértainties in Sec-

tion 5.5 of lWaters (1999). The transformation frgqrio tangent heighh is approximated by scaling with

the nominal tangent-point-to-EOSMLS distance for a 16 km tangent height (3062 km), so that a 1 arcsecond
elevation uncertainty is modelled as a 15 metre tangent height uncertainty. The resulting tangent height un-
certainty is divided by 3 to convert fromv30 1o errors. This leads to the following values far 1angent

height uncertainties: absolute tangent height uncertainity) m, tangent height rate uncertaintys ms,

tangent height jittee= 10 m.

These values are then used to construct the tangent height uncertainty covarianc&m§jrixas dimen-

sion = [no. of tangentsx [no. of tangentsand is the sum of the covariance matrices due to the absolute
tangent height uncertainty, tangent height rate uncertainty (converted to a tangent height uncertainty), and
tangent height jitter.

For the absolute tangent height uncertainty and tangent height jitter, no correlation between the errors for
different integration periods is assumed, leading to diagonal covariance matrices for these components. For
the tangent height rate uncertainty, no correlation betweerateesrrors for different integration periods

is assumed, leading to a non-diagonal tandeight covariance matrix for this component, with entries

S,i, o« min(t, t,), wheret;_ is the time from the start of the scan to the start of integration pefiod

Since the GHz and THz modules have separate scans, there are two separate covariance matrices for the
tangent heights, combined as a direct sum to give a block diaganal

The treatment of integration time for tangent height is the same as that for radiance (Settion 3.4).
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3.6 A priori uncertainty S, for the precision estimates

For the precision estimates, thgriori uncertainty in the geophysical and instrumental parameters used is
large (and constant) so that the precision estimates reflect the basic measurement capabilities of EOS MLS.
Thea priori uncertainty is kept the same for varying retrieval grid resolution and varying space/time aver-
ages.

Thea priori uncertainties are given in Tallle 1. Taeriori uncertainty is assumed uncorrelated,Sgas
diagonal.

Table 1:A priori uncertainties for precision estimates.

BroO 1000x 10712
Clo 4x10°°
CO 3x10°°
reference geopotential n?s?
H,O 10x 1073
HCI 30x 107°
HCN 10x model atmosphere profile
HNO3 100 x 10°°
HOZ 3x 10_9
HOCI 3x10°°
IWC 0.5gm3
N.O 3x10°
O3 30x 10°°
OH 3x10°°
SO, 1x10°
temperature 300 K

3.7 A priori uncertainty S, for the averaging kernels

The averaging kernels are calculated faqCHand temperature only, and for Daily Map and Daily Zonal
Mean only. For these the priori uncertainty is given in Tabld 2. The magnitude of &griori uncertainty

Table 2:A priori uncertainties for averaging kernels.

H,O Daily Map 10% model atmosphere profile
H,O Daily Zonal Mean 10% model atmosphere profile
temperature Daily Map 1K
temperature Daily Zonal Mean 1K

sets the precision for which the averaging kernels are calculated. Based on the precision estimates (see
Figured 8. B, 25, arld 6), the expected resolution in the troposphere is between 1 and 2 km for the values in
Table[2. All the other geophysical parameters haveathdori uncertainties given in Tablée 1.
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3.8 Precision estimate calculation

Having calculate, Ky, S, S, andS,, these need to be combined in the formula$eEquation [(1L)).
The estimated precision is the square root of the diagonal elements of the covariance&sgnatrix

In Equation [(1) theK matrices for each sideband are added, with correct weighting (from the sideband
ratio). Since the system noise is single-sideband, the residtingatrix is used as it is, without dividing by
2.

There are several frequency regions where there are overlapping filters (see Figure 5-3 of Waters (1999)).
These overlaps have been treated by deleting one of the sets of overlapping filters, usually the wider filters,
from the simulation (this can result in some very small gaps or some even smaller overlaps remaining).
Specifically, the centre filters of each ‘c’ spectrometer are used instead of the centre filter of the overlapping
‘a’ spectrometer. The uncertainties for space/time averages (e.g. zonal means) are calculated by averaging
the radiance and tangent height uncertainties first, and using the av&age®), in Equation [(1).

The resolution of the retrieval is varied by changing the spacing of the grid used for the retrieved geophysical
parameters, rather than the alternative method of introducing correlationsdrptiggi uncertainty.

The basic resolution is 1 km*, set by the grid used in the forward model to calculaté thatrices.
Retrievals on coarser resolution grids are made by taking weighted sumdofitatix elements to produce

a newK matrix with a reduced number of columns (perturbation levels) but the same number of tangents.
For example, for 3 km* resolution, the nelv matrix would have 20 columns for each species rather than
60, and each column (perturbation level) would correspond to a triangular basis function with base 6 km*.

The stratospheric £column precision is derived from the;@rofile precision, and, similarly, the relative
humidity profile precision is derived from the,8 and temperature precision, and the geopotential height
profile precision is derived from the reference geopotential precision and the temperature precision (the
effects of HO variations being neglected).

The stratospheric 9column is a weighted sum of thez;Qrofile, the weights being the integrated air
number density (converted to Dobson units (DU)) of each triangular basis function in the stratosphere, with
corrections at the tropopause and stratopause for part-triangles, and zero outside the stratosphere. If the
weights are represented by a maitrixand the Q profile covariance matrix b$o,, then the stratospheric

O3 column uncertaintyo,column is given by,

SOgcolumn = LTSOgL (22)

In these simulations, the tropopause is fixed at 8 km* for February 70N and 16 km* for February ON and
the stratopause is fixed at 48 kmx (1hPa). So the ‘stratospheric’s@olumn is really the @ column

between specifiegressures Operationally, the tropopause pressure will be retrieved by some method yet

to be determined, and the uncertainty in this tropopause pressure (and, to a lesser extent, the uncertainty in
the stratopause pressure) will result in the precision of thedumn being worse than that reported below

in Table[3. To set the scale for the contribution of the tropopause/stratopause pressure (or height) uncertain-
ties, at the tropopause the; ©@oncentration is~4 DU/km, and at the stratopause the €ncentration is

~0.4 DU/Kkm,

The relative humidity (RH) profile precision is treated similarly. AlHprofile levelm, RH is a functiong
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of the H,O mixing ratio, pressure and temperature, and the RH covariance r8ajjXs given by

Sty = L S0, T L ms (23)

wherel , is the matrix ofdg/0H,0,, anddg/a T, at levelm, and Sy, 1,, IS the covariance matrix for
H,O and temperature at level only. The functiong relating RH to the HO mixing ratio, pressure and
temperature is the Goff-Gratch function for relative humidity over ice (Tables 94-97 of List (1968)).

The geopotential at pressupeis the sum of the reference geopotenti®  and a weighted sum of the
temperature profile, the weights being the contribution of each triangular basis function (of the temperature
profile) to the integral of the hydrostatic equation between the reference pressupe @hd geopotential

height is defined a€l/9.8) xgeopotential. The geopotential height is calculated on a 1 km* grid, and if the
weights are represented by a matrixvith weight= 1 for the reference geopotential, and the combined T
and reference geopotential covariance matrixsby, , then the geopotential height covariance maBiey

is given by,

1
SepH = ﬁLTST,CI,rL (24)

3.9 Averaging kernel calculation

The averaging kernel matrix is calculated using Equation (6., Ky, Sy and$;, are calculated as described

in the preceding sections, but on a 0.5 km* grid rather than the 1 km* grid used for the precision estimates.
The resolution of the relevant geophysical parametg(Hr temperature) is kept at the basic resolution of
the grid (0.5 km*), ands, is constructed from the values in Tablés 1 &hd 2. The treatment of sidebands,
overlapping filters and space/time averages is exactly the same as for the precision estimate calculations.

To estimate vertical resolution, it is sufficient to look at the diagonal block& obrresponding to each
geophysical parameter, i.e., ignoring any cross-correlations between geophysical parameters. The averaging
kernels shown in Figurés 27428 are the rows of the relevant diagonal block.

4 Precision estimates

4.1 General Description

In Figures[ td 2B, plots of estimated precisiesn height are given for the vertical profiles of the geo-
physical parameters measured by EOS MLS. Table 3 gives the estimated precision of the stratogpheric O
column measurements, neglecting the contribution due to the uncertainty in knowledge of the tropopause
and stratopause pressures.

For each geophysical parameter there is a figure containing plots using the ‘standard’ atmospheres and
vertical resolutions. There are two plots and some notes per figure. One plot is for the February 70N
atmosphere and the other is for the February Equator atmosphere, both described in[Section 3.2.2 above.
The resolution is the spacing of the retrieval grid ugeat.the inverse of the highest spatial frequency that

can be represented. The vertical resolution is 3 km*, except for BrO and HCN, both at 5 km* resolution.
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Apart from the OH plots, all the precision estimates are based on the timesharing|mode (Waters (1999),
Section 5.8) with the 240 GHz radiometer and all DACS switched on and the 2.5 THz radiometer switched
off. For the OH plots, the timesharing mode is with the 240 GHz radiometer and all DACS switched off and
the 2.5 THz radiometer switched on.

For some measurements, extra plots at varying vertical resolutions (in the troposphere) are given, to show
the tradeoff between resolution and precision. For these the resolution was varied for only the measurement
shown. In the case of ¥ and temperature, the resolution can be increased while retaining acceptable
precision. In the case of CO and@he resolution can be decreased to achieve better precision.

The effect of thick cirrus clouds on the precision of the tropospheric measurements of,O@nd Q is
shown in FigureS1%,10 andl21. The effect is probably underestimated, since scattering has not been included
in the simulations.

On each plot the vertical axis is pressure height in kea*1(6 log,,(1000/ p) with p in hPa). The vertical
range of the plots is from 0 km* to 60 km* to correspond to the nominal scan pattern. The horizontal axis
is the estimated precision, which is the square root of the diagonal elements of the covarianc&smatrix

The precision estimates are for various space/time averages:

single profile no averaging, derived from one radiance profile,
daily map 3 profile average;- 5° latitude resolution,

daily zonal mean 5° zone, diurnally-varying species split into day and night, non-diurnally-varying species
averaged over day and night,

monthly map approximately 5 latitude, 20 longitude resolution at mid-latitudes for diurnally-varying
species, 5Slatitude, 10 longitude resolution at mid-latitudes for non-diurnally-varying species,

monthly zonal mean 5° zone, diurnally-varying species split into day and night, non-diurnally-varying
species averaged over day and night.

A typical profile (the one in the model atmosphere) is also plotted to set the scale.

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04 15
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4.2 Stratospheric @ Column

Table 3: Stratospheric {xolumn precision, for varying space/time averages, with typical values and sensi-
tivity to changes in tropopause and stratopause heights. The precision values do not include any contribution
from uncertainties in the tropopause and stratopause heights: the tropopause is fixed at 8 km* for Febru-
ary 70N and 16 km* for February ON; the stratopause is fixed at 48 km*.

Stratospheric @Column
precision tropopause stratopause
/DU typical height height
single | daily | daily | monthly | monthly | value | sensitivity | sensitivity
profile | map | zonal | map zonal /DU | /(DU/km) | /(DU/km)
mean mean
February 70N| 1.9 1.2 | 0.20 0.23 0.096 311 4 0.4
FebruaryON| 0.91 | 0.56 | 0.096| 0.11 0.027 212 4 0.4

4.3 Plots of estimated precision

Plots of the precision estimates are given on the following pages. The plots are in alphabetical order of the
parameter name (with the exception of Relative Humidity, which is just after feptbts).
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EOS MLS Retrieved Geophysical Parameter Precision Estimates

‘'sabelane awi/aoeds BulAren 10] ‘UonNjoSal [eIIIBA WY G 1e uolsioaid Oig T aInbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

i
o
i

O|

onel Buixin

o
i

R4l

e /
VAR
7
VR

\IIIIIIIIIIIIIIINIII'.I\.”

IIIIIF\II\I

5 ajyoud eaidA L

ke uesw [euoz ,G AJYIUOW -...ooeeve.

" (ueaw ayoid g) dew AJYIUOW -.—.—.—. -
ueaw [euoz .G Areg

(ueaw ajyoud g) dew Ajreg
ajyoid alpuIs -...—... -

[ A

oJd

uonnjosal wy §  NO Areniga4

UOISIDBId JUSWAINSLN

0T

0T

asnedodo. |

0¢

o€

W/ «Z

oy

08

09

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid 10id

onel Buixiin
11-91

o
I

TTTYTTTTTT.

IIIIIIY\l\I

TTTTT NIRRT

N
T A A |

\\.\.\ SN
ya a|iyoid peaidA 1

uesw [eUOZ ,G AJYIUO .cvvvvvneee ]

-+ (ueaw ayoid g) dew AJYIUON -.—.—.—. -

ueaw [euoz .G Ajreg

(ueaw ajjoud g) dew Ajreq

a|youd ajpuis -...—... -

oJid

uonnjosal wy §  NOZ Aeniga4

UOISIDBId JUBWINSLN

o7

asnedodou]

(0]

0¢

o€

W/ «Z

(017

0S

09

17

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



(966T EIPSV\) XS1I0A 21121y 3U] JI9A0 pabelane ‘zeeT Arenuer Jo)
SjuawaInNseaw SN SHVYN Woly sawod ajiyoid O] pasueyus ay | ‘sabelane awiyadeds BulArea 1o) ‘UonNjoSal [edIaA W € Te uolisioald QD :Z ainbi4
666T 1S9 2G:6T:9T 8 1290100 Aepli4 :paonpo.d 10/d 666T 1S9 85:6T:9T 8 1870100 Aepli4 :psonpoud 10|d
0
m onel Buixi onel Buixiy
= w|OH ®|OH o._nlo._n ﬂ._nlo._n NHlOH wlo._n @lo._n OH|OH .STOH NH|o._n
b OTTTT T T 1 TTTTT T T 1 TTTTT T T 1 Tt T 1T J0 MTTTT T 1 TTTTTT T 1 TTTTTT T 1 mTTT 1T T J0
_|_|_ - - - -
c C 7 C ]
Q - - - b
R C ] C N AN ]
3 - . a - - asnedodol |
a C 10T N 10T
m C 7 C ]
Q C = C ]
S asnedodou] - ]
s C C ]
@ C A C ]
o i ..M 102 - 10¢
— 1
S - S . C .
£ C J 7 ] - 2661 Aenuer / ]
o C S : 7 N [ X81I0A 21101y )7 7 N
% - 7’ - * L ’ ! 4 *
1 > =~ +—+ < ~

O N ; -10¢€ uw,l N ;7 10€ =
i C . : N r \ 1 N ] w
[} - a L ! i
W n ] C \.\. ]
I m : m
(O] - — - / \. -
[ O ] (0)74 C 7 ... n oy
n - 4 B r1 _
| - - - / -
= » . - N .
")) - - - \\. -
m - N . - \.\. R ]

H a a|joid [eaidAL m (0] H . a|iyoud [eatdA L m 0S

C / ueaWw [euoz .G AJYIUON .....coovve... 7 C / ueaWw [eUOZ .G AJYIUOIN ....eeoovveen. 7

C (ueaw ayoud ) dew AYIUOW -.—.—.-. - C (ueaw ajyoud ) dew AJYIUOW -.—.—.-. -]

n / ' ueaw [euoz g Alreg@ - - - - - - C / , ueaw euoz G Aled@ - - - - - -

C J (ueaw ajyoud g) dew Ajreqg 7] C , (ueaw ajyoud g) dew Ajreq 7

C a|yosd BPUIS - ... - - ajyoid ajbuIS —...—... — 7

IR [ TR w09 I [ TR w909

OIo OlID
uonnjosal wy € NO Areniga4 uonnjosal Wy £ NOZ Aenigad

UOISIJOald JusWalNSea|\N UOISIJ9ld JusWalNSea|\

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

18



01 ‘W

EOS MLS Retrieved Geophysical Parameter Precision Estimates

(wy@@suswainseaw Q2 [nyasn apinoid 0} pajoadxa sI SN SO pue (96T Te 1sIaTepn |6 8) wy 0g~anoge (0T ueyl aiow
09 anoge Ajpidel sasealoul onel Buixiw QD ayl :810N) ‘Sabelane awi/aoeds BulAlea 1o} ‘uonnjosal [edlaA Wy € 1e uoisioald 0D :€ ainbi4

666T 1S9 2G:6T:9T 8 1290100 Aepli4 :paonpo.d 10/d
onel Buixi

@lOH mla w|OH mla
OTTT T T T 1 TTTT T T T 1 TTTT T T T 1 10
- ~. .
C SN ]
L z././ ] OH
- AN -
L it —
C \ 7
n _“ - asnedodou L
- ]

0¢

C 7 7
C A ]
C It N
| /'’ -
- \.\ _
N 4’ ] N
C . 7] >
- = H0€ =
- K 1 a 3
C 7 A ]
C K A ]
- ! i ]
o 7 S 7
o \. .\.\ i ov
L . 1 i
L / 71 i
C fi 1 ]
C 7 A ]
- / d ; ]
H .\.. o__v.oa jealdAL m (0]
i ueaw [BUOZ G AJUWUOW «.ccvveveee. 7
Coo (ueaw ajyoud g) dew AJYIUON -.—.—.-. -7
o ueaw [euoz G Areq - - - - - -
r (ueaw ajyoud g) dew Ajreqg ]
- a[youd ajpuls -...—... —
W Lo v 0 0 ey 109

0)0

uonnjosal wy € NO Arenige4

UOISIDBId JUSWAINSLN

666T LS9 85:6T:9T 8 1270300 AepliS :paonpoid 10id

onel Buixiy
©|0H NlOH w|OH m|OH
OTTT T T T 1 TTTT T T T 1 TTTT T T T 1 10
H — H asnedodol |
- Ry 10T
C N ]
- W ]
- L) ]
C i ]
- _ 1 3 -
C i -
L 1 . 0¢
- s R
L 1 ]
- v 4
- VR4 -
- \. V4 |
- 4 -
- / . Z
- - *
- 10€ =
H . 3
H .\... ’ H O._V
- N /7 -
o / " a
L K J ]
C / ; ]
C e/ ]
B \ .\.\\ N
5 4 a|youd reaidAL 109
-/ UBdW [BUOZ G AJUWUO «.evveveene. ]
Coo (ueaw ajyoid g) dew AJYIUON -.—.—.-. -]
oo ueaw [euoz .G Areg - - - - - -
Co (ueaw ajyoud g) dew Ajreq N
- ajyoud ajbuis -...—... —
I T v v v 0 0 Loy 109
0)0)

uonnosal wy £  NOZ Arenige4

UOISIDBId JUBWaINSLN

19

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



uonn

EOS MLS Retrieved Geophysical Parameter Precision Estimates

"Wy € surewas alaydsorens ay) ul

|[0sal ayl ‘(Ajuo 1oyenb3 Areniqad) dey Alyiuon pue dew Ajreq Joj ‘alaydsodody syl ul UONNjOSal [RIUBA WY G ‘v ‘€ e uoisioald O 7 ainbi4

666T 1Sd §5:52:9T 8 1990100 Aepud :paonpoud 10d

onel Buixi

©|0H Toa w|0H mba
TTT T 17T I TTTTT T 1 I ITTTT T1 I |O
- / /ﬁw, -~ .
- B e 10T
- 1 N
o - *
B 10€ =
- . 3
- Hov
- 405
- ajioid [eaidA L ]
- uonnoSaI WY G - - = = - -
C UONN[OSAI WY {7 vvvvennnne ]
- uonnjosal wy g -
W I T T W AR R R 109

)0
dew AjquuoN  NO Arenuged

UOISIDBId JUSWAINSLN

asnedodo. |

666T LS9 §5:G2:9T 8 12q0100 Aepli4 :paonpoid 10id

onel Buixiy

©|OH TOH w|3 m|OH
TTT T T 1 I ITTTT T1 I TTTTT T 1 I |O
: / {or
H /N L H asnedodou |
- 1oz
. \ 1 N
- - *
- 10€ =
- . 3
- \ -0V
- H0S
- ajyoud [eaidA L .
- uonnosal W) G - - - — - -
C UONN|OSBI WY 17 wvveevveennnn b
- uonnjosal wy € -
I T I T T I I R R N 109

0)0)
dew Areg NO Arenige4

UOISIDBId JUBWaINSLN

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

20



£
c

EOS MLS Retrieved Geophysical Parameter Precision Estimates

666T 1Sd €2:¢5:9T 8 1990100 Aepud :paonpoud 10d

onel Buixi
0T g-0T

9-07 /-

(]
|

\
w
R

g
",
"
1

L

a|ijoid jeaidAL
SNID YOIy L
SNJIID 81eIaPOoN
SnuID ON

| | 1 1

rT1r1r17r7r7r1r1r]yrrrrrrrTr T rTTrT T T T T T T T T T T T T T T T T T T Er T T T T T T T T T T T T I

0)0

uonnjosal wy ¢ dew AYuolN NO Arenigad

UOISIDBId JUSWAINSLN

0T

0T

asnedodo. |

0¢

0€

oy

0S

09

W/ «Z

666T LS9 SS:07:LT 8 12qo300 Aepli4 :paonpoid 10id

N|

onel Buixiy
oT

wlo._”

"W B g 0=oMI

TTTIITT

L

ajoid jeaidAL
SN YOIy L
SN.IID B1RIBPOIN
SN0 ON

| |

0)0)

uonnjosal wy ¢ dew AYuolN NOZ Arenigad

UOISIDBId JUBWaINSLN

sey snuio oIyl ‘. WH/A0 TRy SN0 S1RISPON "PNOJO SNUIID 8y} Jo adeys pue uonisod ay) Jo uoiredipul ue si1ojd yoes Jo Y| 8yl uQ "Wy g
DINJOSal [edluaA ayl Ajuo dely Alyiuo Joj ‘esaydsodody ayl ul uoisinaid 0D uo (Bulenedas 1NoYIIM) SpNojd SN JO 1088 ayl G ainbi4

0T

asnedodou |

0T

0¢

(01

W/ «Z

oy

0S

09

21

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



EOS MLS Retrieved Geophysical Parameter Precision Estimates

‘Aluo de Aireq pue sajijold 9|buIS 1o} ‘ainjeiadwia) J1oj UONN|OSaI [eILBA W € U0 paskeq uoisioald ybiay renuajodoas) :9 ainbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

wy bray renusiodoss

00T 08 09 ov 0¢ 0
C T T T T ]
C .\... m
m .\... m
- 7 N
- (ueaw ajyoud g) Qma\n__mn_ - m
3 a[youid ajbuIs -...—... - ]
L 1 | | | | | ]

|
1yBisH [enusiodoss
NO Areniga-

UOISIDBId JUSWAINSLN

0T

asnedodo. |

0¢

o€

W/ «Z

oy

08

09

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid joid

00T

wy ybray renusiodoss

o

08 09 017 014
C T T T T T ]
- \ .
- _ ' ]
C ! .
C i ]
C i ]
C _ v ]
- i ]
C _ 7
C ] .
C ‘ 7
C ) ]
: m
”. .\.?mmE a[youd g) dew Ajeq ——— m
3 a[youd ajbuls -...—... - ]
L | | | | 1 | | | ]
1ybiaH renuajodoas

NO/. Arenigad

UOISIDBId JUBWINSLN

asnedodoi]

(0]

0¢

o€

W/ «Z

(017

0S

09

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

22



EOS MLS Retrieved Geophysical Parameter Precision Estimates

‘'sabelane awin/aoeds BulArea 1o ‘UonNjoSal [eIIUBA W € e uoisioald O ;2 ainbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

M|

onel Buixin

oT #lo._” mlo._” @lo._” Nlo._” MW|o._” mlo._”
LI 1 111 I 111 110 o 111 o e
- o1
H H asnedodou]
- 10z
C 7 N
- — *
C 10€ =
C ! i . 3
- _. i -
- ; i ]
- ..\ _..\ ]
= | -1 -
n 4 1 0%
C ! I 7
C N I 7
L 1 n i
- . Yl —
r / ] .
”u a|youd eaidAL + H 0s
L uesw [BUOZ ,G AJUIUO -..ovoeeve. 4 ]
[ (ueaw aoud €) dew AYIUOW -.-.—.-. - .
. ueaw [euoz G Areq - - - - - 7
[ (uesw ajyoud g) dew Ajreq n
3 a[youid ajbuIs -...—... - ]
Doev v v v v e v e i it 1 3Q9
4
O°H

uonnjosal wy € NO Areniga4

UOISIDBId JUSWAINSLN

Mw|

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid 10id

onel Buixiin

0T vlo._” mlo._” @lOH Nlo._” MW|o._” mlo._”
LI 111 I 1111 B 111 O O | N A || N R e N g
L N . ~ _]

N NN 0T
- ../ //._ ]
r B Y T
C \ Y ]
- H h .
- i i .
C : " ]
B _ .___ 10¢
m Hed
r .\. .~.\ 7]
r : 1 ]
C i i . N
- N 1 - *
C H T 10€ =
H i i : 3
L : i ]
C ! i ]
C i !l ]
- : I N

} n oy
C : ! ]
- ! \.___ 7
- i A ]
- 1 i
- / ; .
- 3]104d [2910/ ] e T 108
L ueaW [eUO0Z .G AJUIO ---oveeeee ] ]
[ (ueaw ayoud g) dew AYIUOW -.-.—.-. Z! .
. ueaw [euoz G Areqg - - - - - ]
[ (ueaw ajyoid g) dew Ajreq ]
3 a[youd ajbuls -...—... - ]
Doer s v v v v e it 1 i 1109
4
OH

uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

asnedodou]

23

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



uonn

EOS MLS Retrieved Geophysical Parameter Precision Estimates

"Wy € surewas aiaydsorens ay) ul

josal ayl ‘(Auo 1orenb3 Arenigad) dey Ajreq pue aj1j01d 3|buIs 1o} ‘aiaydsodosr ayl ul uonnjosal [ea1daA WY € ‘2 ‘T 1e uoisinaid OH :g ainbi4

666T LSd ¥0:92:9T 8 1990100 Aepud :paonpoid 10d

onel Buixi
¢ 0T 0T 0T 40T , 00 0T O
L 1 1 111 1 111 e )
- /////// e 1ot
- \ ! 7]
- ! 1oz
- / .
C \ 7 N
C , 7] X
L T |Om =
B b . 3
C ! ]
- - Hov
C ! 7
C / 7
C ! ]
- _ \\ 405
m ajyoid reaidAL m
- uonn|oSal WY € - - = - = ]
C UONN|OSBI WX Z -vvvvvevnnne 7
- uonnjosal wy T ]
MLl | I I T 11K O I A L e 1309

O°H
dew Ajreg NO Arenuged

UOISIDBId JUSWAINSLN

asnedodo. |

666T LS9 ¥0:92:9T 8 1240100 Aepli4 :paonpoid 10id

onel Buixiy
e 0T [ Ol 0T 40T ,00 40T ,0OI
MTTTT T T T T T T T 1 mirr T T T Q0
S N G o
- 7\ — - esnedodoiy
C ! ]
- ! 10¢
C , 7
C ! ]
C ! ]
- ' 1N
5 7 H0€ =
- -_ H w
- ' .
- 1 -
- 1 .
- * -1 0V
- ! =
- / .
- [ 10s
m a|ijoid jeaidAL m
= uonN|oSaI WY € = - - - - ]
C UONN|OSBI WX Z «vvvveennn .
- uonnjosal wy ]
TN T 11 W N 11 I | w1309

O°H
a|joud aibuis  NO Areniga4

UOISIDBId JUBWaINSLN

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

24



‘(AU

EOS MLS Retrieved Geophysical Parameter Precision Estimates

666T LSd ¥0:92:9T 8 1990100 Aepud :paonpoud 10d

O°H

ueaw [euoz .G AlyuolN  NO Areniga4

UOISIDBId JUSWAINSLN

asnedodo. |

onel Buixi
¢ 0T 0T 0T o0l ,00 g0l ,OI
L LN 1 1 111 1 111 o e )
- // /, 10T
a \< —02
- __ m N
- 1 — *
B . 10€ =
- | . 3
a ; oy
- _ - 10g
- aiyoud [eoidA L / .
- uonn|oSal WY € - - = - = I 7
C UONN[OSS W Z wevvervenennne : .
- uonnjosal wy T ]
MLl | I I T 11K O I A L et 1309

"Wy € surewas aiaydsorens ay) ul uonnjosal ayl

666T LS9 ¥0:92:9T 8 1240100 AepliH :paonpoid 10id

0 Joyenb3 Arenigad) uea [euOZ AJYIUON pue ueal\ [euoz Ajreq o} ‘alaydsodod] ayp ul uonnjosal [eallaA wy € ‘g ‘T 1e uolisioald OH :6 ainbi4

onel Buixiy
¢ 0T L, 0T 0T 40T , 0T g0T 0T
MTTTT T T T T T T 1 mirr T T T Q0
HA/I:I..// ]
N N o
H //\ . H asnedodou ]
C ! ]
- ! 10¢
C , 7
C ! ]
C ! ]
- 3 1 N
- 7 H0g =
- h ] 3
- ' .
- 1 -
- / 1oy
- ! =
C ! ]
C \ ]
- _ ; 10s
m a|ijoid jeaidAL ! m
- uonN|oSaI WY € = - - - - ]
C UONN|OSBI WX Z «vvvveenen .
- uonnjosal wy I ]
TN T 11 W N 11 I | w1309

O°H

ueaw [euoz .G Ajred NO Arenuga4

UOISIDBId JUBWaINSLN

25

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



EOS MLS Retrieved Geophysical Parameter Precision Estimates

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

UOISIDBId JUSWAINSLN

"B g 0=oMI
sey snui oIyl ‘. WH/A0 TRy SN0 81eISPOIN "PNOJO SNUID 8y} Jo adeys pue uonisod ay) Jo uoiredipul ue siojd yoes Jo Y| syl uQ "Wy
SI Uonn|josal [edlaA ayl ‘Ajuo depy Ajreq oy ‘elaydsodony ayr ul uoisioaldHQfo (Bulieneas INoYNM) SpPNojo SNuIID JO 198ye ayl 0T ainbi4
666T 1S9 TES:9T 8 1990100 Aepli4 :paonpo.d 10/d 666T 1S9 ET:TH:LT 8 1840100 Aeplid :psonpoud 10|d
onel Buixi onel Buixiy
e 0T 0T 0T 40T 07T w|OH 60T c 0T 0T 0T 40T ,0T 0T O
MTTTT T T MITTTT T MITTT T MITTT T MITTT T MITTT T |O I MITTT T MITTT T MTTT T MITTT T MITTT T |O
m/ m H ....... H asnedodou |
- Jot - AN Jot
H ....... H asnedodo. | m m
- H02 - H02
- 1 N : 1 N
- — * - - *
- 10€ = - 10€ =
C 1 3 - ] 3
- Hov - Hov
- _ 7 105 - H0S
- ajyoid [eaidA L ] - a|youd [eaidA L .
- SNUIDYIIYL - - - - = - - SNUDYIYL - - - - = -
C SNID SYIBPOIN «vvvevvveenns ] C SNUIID BIRIBPOIN --vvvvenen 7
- Sn.io oN - - snuId oON g
TN (T A T N B T T R et 1309 (I TN T AN A B T RN | w1309
O°H O°H
uonnjosal wy ¢ dew Areq NO Arenigad uonnjosal wy ¢ dew Areq NOZ Arenigad

UOISIDBId JUBWaINSLN

26




Jeau S

EOS MLS Retrieved Geophysical Parameter Precision Estimates

o
-

(66T Te1I6pUeS) PanIasqo si %00T~Pue %AEeMIag SalIpILNY dAITe[31 JO uonnquisip Yey Ajire) e ‘sjdwrexs 1o} ‘(WX T edy 05T

666T 1Sd 25:6T:9T 8 1990100 Aepud :paonpoud 10d

%/ ApiwnH ane|ay

8 9 14 4 0
C T T T T T 10
- o
- U\ _m
- Y M
C )
C YA
- .\.. T
C o by
C K ﬁ “ = asnedodol |
C N 15
r ~... \7]
- >y 02
- ] N
o . *
B 10€ =
B . 3
C ]
~ 1
C 7
ov
- ]
- 10s
L UeaW [BUOZ G AJLIUO «o.vovvvee. ]
[ (ueaw apyoid g) dew AYIUOWN -.—.—.-. - ]
L ueaw [euoz G Ajeq - - - - - ]
[ (ueaw apjoud g) dew Ajreg ]
ajyoud ajbuIs -...—... - ]
C l l l 1 1 ! l l 109

99! UM AupiwnH aniejay

uonnjosal wy € NO Arenige4

UOISIDBId JUSWAINSLN

o
—

666T LS9 85:6T:9T 8 1270300 AepliS :paonpoid 10id

%/ ApiwnH ane|dy

o

=

T30 S i I

-~

bt T

A O Ry oy W R N

uesw [euoz .S AJyIuon
(ueaw ajyoud g) dew AJYIUON -.—.—.-. -
ueaw [euoz .G Ajreg

(ueaw ajyoud g) dew Ajreqg
ajyoid alpuIs -...—... -

N o I}

99! UM Aupiuiny aAnejay

uonnosal wy £  NOZ Arenige4

UOISIDBId JUBWaINSLN

#i02

oidon ay1 U] "9500T Ueyl a2i0W JeymMalOoS 0] 019Z Jeau WOl SanfeA aney ued pue ‘(Ajreiuoziioy pue Ajjesilan) Ajjeneds pue Ajreiodwal yloq
en ApjGry s1 Aupiwny aane|al ollaydsodod] “sabelane awiadeds BulAiea 1o} ‘Uonnjosal [ed1UaA Wy € 1e uolsioald Alpiwny aAne@y :TT ainbi4

asnedodou |

0T

(01

W/ «Z

oy

0S

09

27

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



‘sabelane awin/aoeds BulAreA 1o ‘uonnjosal [ealUaA Wy € 1e uoisioald |DH (2T aInbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid joid

EOS MLS Retrieved Geophysical Parameter Precision Estimates

onel Bulxi ones Buixin

0 OHIOH HHIOH NHlOH 0 OH|OH N._Hlo._”
il T T T 1 TTTTT T T mTTT T T J0 T T TTTTTT TTTT T T ]0
m m H H asnedodoi]
- 10T - 10T
- - asnedodoiy - .
s 102 - 0¢e
- 1 1 i L 4
— s ~.~ - - -
C ] f; 7 C N
- / r ] C ]
C \ / i’ 1 N - 7 N
n 7 7 10€ = - 10€ =
- ; 1 - 3 - ] 3
C ! . . C .
C 7 4 ] - .
- N ! - - -
C ! i . - ]

7 7 ov ov
C 7 ] B N
- ‘ / i ] C ]

7
- ! - - . .
- , 7 - - N .
- { 4 . - 4 A ]
C 4 ajyoud eardA | -108 - * a|yo.d peaidAL -109
C 7 ueaWw [BuO0Z .G AJYIUOW -.o.eeveee. ] C / ueaw [euoz .G AJYIUO -...ooeve. ]
- ; (ueaw ajyoud g) dew ALIUOW -.—.—.-. -7 C (ueaw ayoud g) dew AUIUON -.—.—.—. -]
- ! ueaw [euoz G Areq - - - - - - - g ueaw [euoz G Alreq - - - - -
C / (ueaw ajyoid g) dew Alreq ——— 7 C / (ueaw ajyjoud g) dew Alreq ——— 7
- a|joud slbuIs -...—... — - a|youd sjbuls -...—... —
Qi 11 N T S TS N § [ Qiiiel | T SR PSR  § [¢
IOH IOH

uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

uonnjosal wy € NO Areniga4

UOISIDBId JUSWAINSLN

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

28



EOS MLS Retrieved Geophysical Parameter Precision Estimates

‘sabelane awi/aoeds Bulkrea 10) ‘UONN|OSal [RINISA WY G 1e uoisioald NDH €T ainbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

®|

o

T

onel Buixin
01-0F 11-0F

o
i

TTT7

+.

T TTTTTTTT

i w_,coa [eaidA L

ueaw [euoz .G Areg
(ueaw ajyoud g) dew Ajreg

Z ueaW [eUOZ .G AJIUOWN -.ooeeee. ]
47 (ueaw ayyoud €) dew AYIUOW --—.—.-. -

ajyoid alpuIs -...—... -

NOH

uonnjosal wy §  NO Areniga4

UOISIDBId JUSWAINSLN

0T

0T

asnedodo. |

0¢

o€

W/ «Z

oy

08

09

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid 10id

T o._ulo._”

onel Buixiin
11-9F

o
I

\ 7 w__,,_oa [eaidA L
/ ueaw [euoz .G AJYIUO -...ccvve.
: \ (ueaw syoud g) dew AYIUOWN -.-.—.-. -

’ ueaw [euoz .G Ajreg
(ueaw ajjoud g) dew Ajreq
a|youd ajpuis -...—... -

NOH
uonnjosal wy §  NOZ Aeniga4

UOISIDBId JUBWINSLN

o7

asnedodou]

(0]

0¢

o€

(017

0S

09

W/ «Z

29

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



‘'sabelane awin/aoeds BulArea 1oj ‘UoNNjOSal [eaIUBA W € 1e uoisioald HNH T ainbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

EOS MLS Retrieved Geophysical Parameter Precision Estimates

onel Buixin

_0T mlo._” OHIOH HHlOH
il T T T 1 TITT T T 1 mTTT T T J0
- 5 : \ 1ot
H H asnedodo. |
- 10z
- : ] N
- : - *
C 10€ =
C : ] 3
L Zr n
o A1 4
- .\\ -
~ // —
- ! n
n A Hov
- .\\\ —
r : K .
C .\. \.\\\ ]
- 3 1 /
- . 2 . .
- N i N
— 7 ajyoid [e91dA} ——0n 709
- 4, uesw [euo0z ,G AJYIUOW -...ooeeve. ]
C Y (ueaw ayoud g) dew AJPUOW -.—.—.-. -
- ! ueaw [euoz G Areq - - - - - -
C ' (ueaw ajyoud €) dew Areq ——— 7]
- ajyold alpuIs -...—... -
0 N T S TS N § [

*ONH

uonnjosal wy € NO Areniga4

UOISIDBId JUSWAINSLN

o

MW|o._” ®|OH OH|OH

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid joid

onel Buixiin

—
I

~—

[ I B I B I I |

; ajyoid jeaidA L
1 ueaw [euoz .G AJYIUO -...ooeve.

!/ (ueaw ajyoud g) dew AJYIUOW --—.—.-. -

! (ueaw apjoud g) dew Alreq ———
a|youd ajpuIs -...—... -

A

1 ueaw [euoz .G Are@ - - - - - -

*ONH

uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

asnedodoi]

(0]

0¢

o€

W/ «Z

(017

0S

09

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

30



UOISIDBId JUSWAINSLN

‘'sabelane awin/aoeds BulArea Joj ‘uonnjosal [eanan wy € e uoisioaid HH :GT ainbi4
666T LSd 2G:6T:9T 8 1200100 Aepu :paanpoid jo|d 666T LS9 85:6T:9T 8 1240300 Aeplif :paonpoud j0|d

@ onel Bulxi ones Buixin
IS mlo._” o.ﬂlo.ﬂ ._”._Hlo._” NHlOH mlo._” o._ulo._” HHlOH N._Hlo._”
m OTTTT T T 1 L TTTT T T T 1 10 OTTT T T T 1 TTT T T T T 1 L A J10
3 C ] C N
u C ] C ]
c S ajyo.id jeaidA L - S a[youd eaidA L E
il i ueaw [eUOZ .G AJUIUOIN --vvveeenen. ] i UBaW [BUOZ .G AJYIUOIN --vvveeeevee 7]
m - (ueaw ayoid €) dew AJYIUOWN -.—.—.—. - E r (ueaw ayoud €) dew AJYIUOW -.—.—.—. - asnedodou]
o) i ueaw [euoz .G Alre@ - - - - - 101 L ueaw [euoz .G Alre@ - - - - - 1ot
a - (ueaw syoud ¢) dew Aleq ——— ] £ (ueaw 9youd ¢g) dew Aleq ——— -
- C a[youd ajbuIs -...—... - 7 C a[youd ajpuls -...—... - ]
@) - . - .. - ) 7
m H H asnedodou | m .
© C ] C ]
a V.
S = . (014 . g (014
'® C ] C ]
Q C ] C ]
WJ - - - -
S C 1 N - 7 N
3 - 10€ = - 10€ =
O C 1 3 - ] 3
d - — - =
> C ] C N
2 C ] C N
] - 4 C - .
k= 4 ] n N
) i :
¥ = . 0% - . (017
] 1 N N
L - -
= - ] - 7
% C ] C N
m - 405 - 10S

L : : :

- 7 7 - - -

- 7 7 - - -

IR [ B [ I uow TR [ [ I B Hoo

4 4
OH OH
uonnjosal wy € NO Areniga4 uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

31

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



‘sabelane awn/aoeds BulArea Joj ‘uonnjosal

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

onel Buixin

0T o._ulo._”

1T

o
i

ajyoid jeaidA L
ueaw [eUOZ G AJUIUOIN --vvveeenen.
(ueaw ajyoid g) dew AJYIUON -.—.—.-. -
ueaw [euoz .G Alreg - - - - -

(ueaw ayoud g) dew Ajreg
ajyoud ajbuIs -...—... -

\ N\ N

rTTTTTTTTTTTTT

EOS MLS Retrieved Geophysical Parameter Precision Estimates

/

TILITTTTT

[N,
N

-

IO0H

uonnjosal wy € NO Areniga4

UOISIDBId JUSWAINSLN

0T

0T

asnedodo. |

0¢

o€

W/ «Z

oy

08

09

o

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid joid

onel Buixiin
T o1-07

1

[edIaA Wy € 1e uoisioaid [DOH 9T ainbi4

(0]

o
I

T T T T T 77 7T T 7w

ajold eaidA
UBaW [BUOZ .G AJYIUOIN --vvveeeenen

(ueaw ajyoud g) dew AJQIUON -.—.—.-. -
ueaw [euoz .G Alreq - - - - -

(ueaw ajyoud g) dew Ajreg
ajyoid alpuIs —-...—... -

TTTTT I TTrTTTTTTT

\/

TTLTTTTT

/

[OOH

uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

WA/ «Z
EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

32



EOS MLS Retrieved Geophysical Parameter Precision Estimates

W B IHOEIM SNUID Buisn suoienwIS UO paseq aJe Sayewnsa asauy) eyl SloN "¢ W b §:0=DMI Sey
SN Y2IY} ‘¢ LOMESEFSNLID a1eiapolN sabeiane awiyadeds BulAreA 1o) ‘UoIN|OSal [eILBA W € Je uois|oald JUsluod Jayem 89| 2T ainbi4

666T 1Sd 25:6T:9T 8 1990100 Aepud :paonpoud 10d

W B/ 1us1u0) Ierep 99|

0T00 8000 9000 700°0 ¢000 0000
C T T T T T 10
: AR Yo
C h t
C ./.‘ H
H ‘ H asnedodou |
- 1oz
- 1~
o . *
B 10€ =
B . 3
- Jov
- 10g
L UeaW [BUOZ G AJLIUOI -o.vovvvee. 7
[ (ueaw apyoid g) dew AYIUOWN -.—.—.-. - 7
L ueaw euoz .G Areq@ - - - - - 7
[ (ueaw apjoud g) dew Ajreg ]
i ajyoud ajbuIs -...—... - ]
C 1 | l 1 1 L 1 1 109

1USIU0D J81e N 99]
uonnjosal wy € NO Arenige4

UOISIDBId JUSWAINSLN

0TO0

666T LS9 85:6T:9T 8 1270300 AepliS :paonpoid 10id

o_W B/ w809 Jsrep a9

800°0 9000 7000 ¢00°0 0000
C T T T T T J0
H ...................... ./.; H asnedodoi
- 10T
- 1oz
- 1 N
- - *
- 10€ =
H . 3
- 1oy
- 10s
L uesw [BUOZ ,G AJYIUON --vvvvvvee 7
[ (ueaw ayoid g) dew AYIUOWN -.—.—.-. - .
L ueaw [euoz G Ale@ - - - - - ]
[ (ueaw ajyoud g) dew Ajreq ]
i a[yoid ajbuls -...—... - ]
C I | I I I I I I 7109

JUBJU0D J81eA 99|
uonnosal wy £  NOZ Arenige4

UOISIDBId JUBWaINSLN

33

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



EOS MLS Retrieved Geophysical Parameter Precision Estimates

‘'sabelane awin/aoeds BulArea 1o ‘UonN|OSal [eaNJaA W € 1e uoisioald Of :gT ainbi4

666T LSd 2G:6T:9T 8 1200100 Aepu :paanpoid jo|d 666T LS9 85:6T:9T 8 1240300 Aeplif :paonpoud j0|d
onel Bulxi ones Buixin

@lo._” N|O._” .wlo._” mlo._” o._ulc._” @IOH Nlo._” MW|G._” mlc._u 0T-
OTTTT T T 1 TTTTT T T 1 TTTTT T T 1 L e ) MTTT T T 1 TTTTTT T 1 TTTTTT T 1 L L I
- . - .
- ~ N . - .
- /// S 7
- / ‘R ..‘ - - -
C ~ ./ T 10T O .
C A ] C ]
C \ W - ] C ]
- "\ N . b - 7
- - ..o - @snedodoi | - ]
- \ / v K n B T
- i A — - -

v Ly - 0¢
r : N H - o B
C i h : 7 C ]
- .__ - - -
C ! N ] C ]
C i i’ ] N C . ]
- : .: — * - I -
- T i 10€ = n 1 T .
- 1 — - N 1 -
C ! ._.._ n 3 r ! i \ ]
- n ] C : I ]
- I ..._ - - / .\s -
- j " : ] - i i .
- A ; 1 L ; ! 7
..~ : o.v .~\
- N : ] C : ! ]
- I 3 . L / !, -
- n - - N 1, -
C 1 ] C / 11 .
[~ 1" N N N 117 N
C N . n C / I ]
L k i | L N i i
- 311104d 2910/ ] e — 109 r 3]104d [2910/ ] e .
- UBSW [BUOZ .G AJLJUOIN ---ovvvvvvevvs ] i UBBW [BUOZ .G AJYIUOW ---ovcvvves ]
[ (ueaw ayoid €) dew AJYUOW -.—.—.—. - . [ (ueaw ayoud g) dew AJQUOWN -.-.—.—. - ]
L ueaw euoz .G Ajreq - - - - - 1 L ueaw [euoz .G Areg - - - - - 4
[ (uesw apjoid g) dew Alreq —— 7] [ (ueaw ajyoid g) dew Ale@ —— ~ N
- a|youd sjbuIs -...—... - . - a|joud slbuIS -...—... - -
AT T | niirr1 1309 Covev v T | TN
4 4
O°N O°N

uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

uonnjosal wy € NO Areniga4

UOISIDBId JUSWAINSLN

o7
0

asnedodoi]

(0]

0¢

o€

W/ «Z

(017

0S

09

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

34



EOS MLS Retrieved Geophysical Parameter Precision Estimates

‘'sabelane awin/aoeds BulAren J0) ‘UONNjOSal [RINISA WY € 1e uoisioaid ® 6T ainbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

.V|

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid 10id

onel Bulxi ones Buixin
oT mlo._” mwlo._” Nlo._” MW|o._” mlo._” o._ulc._” vlo._” mwlo._” @lo._” Nlo._” mlo._” ®|OH o._ulo._”
L 1 1111 111 11 S 11 o W L0 111 1111 1111 111 0 o )
- . - SN .
- 4 L ‘N L ]
L i L N ) .././: . -
: 1ot : A Jot
- . L B N i
- - - \ _ i .
C ] C _ i .
asnedodo. | - ! il .
- ] C I h ]
L 4 L : n i
B 10¢ C T 11 10¢
. 1"

C ] r / 1" ]
L i L 7 i
C ’ C ! A ]
C ] N C / i ] N
L - * L i - *
- 10€ = - 1 T 10€ =
n ‘ 1 3 - ;] 1 3
C 7 B ! N
- ] - I i .
- , i ] - i / .
- i - : 5 |

7 (074 + (0)7
C I ] r : 1 7]
- ! i ] C i it ]
- m_ - - .: .
- _ i . - ! i ]
C _ i : . - r ! i : .
N 311404d [010A | e 7 0G - a|oid [eoidAL -109
- ueaW [eU0Z .G AJUIUON oo ] - UBBW [BUOZ oG AJYIUOIAL «+-vvvvvvveee ]
C (ueaw ayyoud g) dew AYIUON -.—-—-—. = : (ueaw ajyoud €) dew AlYUoW -.-.-.-. -7
C uesw [euoz G Areg - - - - - - ueaw [euoz .G Ale@ - - - - - 4
r (ueaw ajyoid g) dew Alreq ——— 7 C (ueaw ajjoud g) dew Ajreq 7
- a|joud slbuIs -...—... — - a|youd sjbuls -...—... —
Mt e e e v e v e v e 109 Mot o e e v e v e ey 109

*0
uonnjosal wy € NO Areniga4

UOISIDBId JUSWAINSLN

‘0
uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

asnedodou]

35

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



c
o
=

EOS MLS Retrieved Geophysical Parameter Precision Estimates

"Wy € surewas aiaydsorens ayj ui

nnjosal ayl ‘(Ajuo Jorenb3 Areniga) dew Ajyiuo pue dey Ajreq Joj ‘asaydsodoul ayl ul UONN|OSal [BIIUBA WX G ‘v ‘S Te uolisioald ) :0g ainbi4
666T 1S9 TT:92:9T 8 1290100 Aepli :paonpo.d 10/d 666T 1S9 TT:92:9T 8 1240100 AepliH :psonpoud 10|d
onel Buixi onel Buixiy

y-0T g0l 40T , 0l 500 4O 4 O y-0T ¢ 0T 0T , 0T 40T 0T 4 OT
MmTTT T MITTT T MITTT T MITTT T MITTT T MITTT T |O I MITTT T MITTT T MTTT T MITTT T MITTT T |O
: | N : | o
H P \ BN H asnedodou H \ N H asnedodou |
- 102 - oz
- 1 N - 1 N
- — * - - *
- 10€ = - 10€ =
C ‘ 1 3 - \ 1 3
- , 10 - , 0¥
- ] 105 - 108

ajoid jeaidAL
uonnNjoSal WY G - — - — = -
UONN[OSS WY 7 wevvervenennn

a|yjoid [eaidAL
uonnosal W) § - - = = =
UONN[OSBI WY {7 +vvvvvvnennnes
uonnjosal wy g uonnjosal wy €
It | WL | | I T 11X 09 [N WL L T W O 1 W 09

‘0 ‘0
dew AjquuoN  NO Arenuged dew Areg NO Arenige4

UOISIJOald JusWalNSea|\N UOISIJ9ld JusWalNSea|\

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

36



EOS MLS Retrieved Geophysical Parameter Precision Estimates

666T 1Sd 8E:7S:9T 8 1990100 Aepud :paonpoud 10d

666T LS9 0Z:T¥:LT 8 12qo100 Aepli4 :paonpoid 10id

"W B g 0=oMI

sey snuio oIyl ‘. WH/A0 TRy SN0 S1eISPON "PNOJO SNUID 8y} Jo adeys pue uonisod ay) Jo uoiredipul ue siojd yoes Jo Y| syl uQ "Wy
SI uolNjosal [eallaA ayl ‘Ajuo de Ajqiuol 1oy ‘asaydsodon ayr ul uoisioagd o (Buliaeds INoYIM) SpNojd SnID JO 193)8 ayl :TZ ainbi4

uonnjosal Wy g

UOISIDBId JUSWAINSLN

‘0
dew AjquuoNy  NO Arenige4

0

onel Buixi onel Buixiy
#lOH m|0ﬂ @lo._n Nlo._n w|OH ®|OH OH|OH #lo._” mlo._n @lOH NlOH wlo._” mlm:” OH|o._n
L L I 1 11 B 111 O O 1 LA O AR e e N MTTT T T T T T T 1T I T T T 1T T 110
- _ N / . - — /// ....... < asnedodo)
- T— 10T - 10T
: I m /~ m
- < . \ < asnedodou | - .
a 102 - 1oz
- 1N - 1 N
- — * - - *
- 10€ = - 10€ =
C ‘ 1 3 - 1 3
- , Hov - Hov
- I 105 - r | 109
- ajio.d [eadA L ] - ajyoud [eaidA L .
n SNUIDYOIYL - - = = = - n SNUIDMIIYL - - = = = -
C SNUID SJRIBPOIN «-vvvvveee ] C SN SYRIBPOIN -vvvvevvenn 7
- SN ON . n SN.ID ON -
MLl | WL | | Wit v e v w1 109 TN WL L Wit v e v e 1 309

uonnjosal wy ¢ dew AYuolN NOZ Arenigad

UOISIDBId JUBWaINSLN

37

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



2albe

EOS MLS Retrieved Geophysical Parameter Precision Estimates

naxdId "IN'H Aq suonejnwis uspuadapul Yum A|asofo

alewnsa asay| ‘abeiane 1ybiLep e si gpjoid HO ayl ‘sabeiane awiy/ededs BulAlea 1o) ‘UONN|OSal [eIILBA WY € 1. uoisioald HO :gg ainbi4

666T LSd 67:6T:9T 8 1990100 Aepud :paonpoid 10d

onel Buixi

m|OH o._nlo._” ﬂ._nlo._n N._”lo._n MH|OH
OTTTT T T 1 7_______ T 7_______ T Tt T 1T J0
L ayyoud feordA L ]
L ueaw [eUOZ .G AJUIUOIN --vvveeeeneen. 7
- (ueaw apoud €) dew AJYIUOW -.-.—.-. - 4
C ueaw [euoz G Alreq - - - - - 101
- (ueaw ajyoud g) dew Ajreq -
L ayoud ajbuIs -...—... - ]
a - esnedodoi
- 1oz
- 1 N
o i *
B 10€ =
B . 3
- Jov
- 10g
H_______ 1 TR TR TR uoo

HO

uonnjosal wy £ NO Arenige4

UOISIDBId JUSWAINSLN

666T LS9 SG:6T:9T 8 1240300 Aepli4 :paonpoid 10id

onel Buixiy

®|OH OH|0H HHlOH NHlOH mﬁla
Q7T T T 1 7_______ T 7_______ T UL e s )
L ajyoud jeardA L ]
L ueaWw [eUOZ G AJYIUOIN --vvveeeeneen. 7
F (ueaw 9youd ¢g) dew AYUOW -.—.-.-. - asnedodos]
L ueaw [euoz G Ajreg - - - - - 1ot
E  (ueaw ajyoid g) dew Ajreq B
s a[youd albuls -...—... - ]
- N v | .
n 3 0¢
C ] N
- - *
- 108 =
- ] 3
- 1oy
- 7 105
C 7/ ]
- \. =
H_______ l TIN N TIN N I How

HO

uonnosal wy £  NOZ Arenige4

UOISIDBId JUBWaINSLN

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

38



EOS MLS Retrieved Geophysical Parameter Precision Estimates

(€661 TPEdY) uondnia ognieuld "IN 8y} Jaye skep 00TAE66T Jaquiaidas Tg Jo} 0T PUBQ apNIITe| BY) Ul SJUSWRINSEaW

SN SHVN o abelane ue Wolj SaWo0d gigqad3ueyus ay | "sebelane awin/aoeds Bulkren 10} ‘UONN|OSal [eIILBA WX € 18 UoIsIoaid S (g7 ainbi4

666T 1S9 2G:6T:9T 8 1290100 Aepli4 :paonpo.d 10/d 666T 1S9 85:6T:9T 8 1870100 Aepli4 :psonpoud 10|d
onel Buixi onel Buixiy

NlOH w|OH mlo._n o._nlo._n HHlOH NHlOH Nlo._” wlo._n m|OH OH|OH H._”lo._” NH|O._H
L L L LA TITTT T T mTIT T 1 ]0 L L L L L LA TITTTT 1 mTTTT 1T J0
m m H - = H asnedodou |
- 10T g A S e 10T
- \ W 1 — - /. /r// . ~ II ]
C Nl . - \ N v ]
L \ zz.— | T 7 r ./z/ ll ]

: = — asnedodo. | - \ “\ SO
C ) : ] C . N A R
C / i Sl ] C \ W . ]
O : ; e~ 102 O \ - 7 10¢
B ; d s C : I : Ry ]
: ; :
- \ ] p o - _ | ! -
L !/ F PR B \.. \.\ ' ]
- A . y - » : it h ]
/ 1 : 4 : A
C E 5 . - N = / 1 ! ] N
r / ; ; : P - * - : 1 ] N *
C : 7 N re 10€ = N 7 i T (0] =
- ] ] : ] C : 1 1 ]
- :\ -w - 3 - / \.c 1 - 3
r ™ P . l L h i N -
- uondnie ognieul Fi ' 7 C / i 1 ]
191 sAep 00T 9|10l /! ' . C o . .
- ;/ 5 ' ] u ! iz S ]
- . {or : e {ov
L / .\.\ -- — - : .\.\ N . _
C ; i ' ] C ! i K .
- ! " - - ; 1 _
- / 2 . . - ! ‘i ) i
- i ; : . - / A S .
- 2 ajioid o1uedjoA-uoU [edldA] = = = = = 0G - + a[joid 21uedjoA-UOU [2D1dA] = = = = = | 0F
C / ueaw [euoz .G AJYIUOIN ....ccov.... 7 C / ueaWw [eUOZ .G AJYIUOIN .....ooeveen. 7
r / i Emw& a|joid g) dew AJYIUON -.—.—.—. - C ‘7 EmmE ajyoid g) dew AJYIUON -.—.—.-. -]
N : il ueaw [euoz g Alreg - - - - - - n / 1] ueaw euoz G Aleg@ - - - - - -
C / i (ueaw ajyoud g) dew Ajreqg ] C ! h (ueaw ajyoud g) dew Ajreq ]
C a|yosd BPUIS - ... - - ajyoid ajbuIS —...—... — 7
Qe | b e v v e v e 109 T e b v v e v e 409
4 4
(O} (OR)
uonnjosal wy € NO Areniga4 uonnjosal Wy £ NOZ Aenigad

UOISIJOald JusWalNSea|\N UOISIJ9ld JusWalNSea|\

39

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



EOS MLS Retrieved Geophysical Parameter Precision Estimates

‘'sabelane awin/aoeds BulArea 10] ‘UoNNjOSal [eINJBA W € Te uoisioald aineladwa] gz ainbi4

666T 1S€ 2G:6T:9T 8 1200100 Aepu :paonpoud joid

o

M/ aimeladwa |
14 € ¢ T

o

-

.

B 0 2 o S s o a0 I 80 e o s 2 e ey vt S M R R

="
S
-

~

ueall [euoz .G AJYIUoN

(ueaw ajyoud €) dew AYUON -.-.-.-. -

ueaw [euoz .G Ajreqg

(ueaw apjoud g) dew Alreq ———
w_coa aIbuIs —...—... -

| | ! I |

E:EEQE@ L
uonnjosal wy € NO Areniga4

UOISIDBId JUSWAINSLN

0T

asnedodo. |

0¢

o€

W/ «Z

oy

08

09

o

666T 1S9 85:6T:9T 8 190010 Aepu :paonpoid joid

M/ aimelsadwa |

14 € 4 T 0
C T T T T T 710
- ~.. .
C ~... [
- .I/ 4]
C N / M| asnedodoi]
5 ¢ 0T
- N
L : 8
C ! K
C : i
- [ e
C i H
—+—Hoz
- _ f]
r 1 H
B ;
C ]
C \...\ m N
- 12 _m 0 )
- e i
- Rd =
L PR i H
C Pl \ i
L P .... i
- = 10
s i
: - \ i
L T o
L e o ]
Eo— i ]
- — 08
C uesw [eu0Z ,G AJYIUOW -...vvoeeve. it ]
EmmE a|youd g) dew AYIUOW ---.---. - i .
ueaw [euoz .G Aleq - - - - - y -
(ueaw ayoud ¢) dew Areq —— Ly i
a[youd ajbuls -...—... - ]
C 1 l 1 L L . 1 1 109
ainjesadwa |

uonnjosal wy £ NOZ Aeniga4

UOISIDBId JUBWINSLN

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

40



[eaidou
“(Aug

EOS MLS Retrieved Geophysical Parameter Precision Estimates

Lo

666T 1Sd 61:92:9T 8 1990100 Aepud :paonpoud 10d

M/ aintesadwa ]

€ [4 T 0
L T T I I ]
co 0 d e vV
C - R
- o
o Ty
L J i
L i
- R
- oy
- H
L i
L i
- ]
~ [
r H

T
- 7]
o L
I H
r H
C r
- i
o L
L o
L i
- 1]
o 1]
L )
L .
L S
L , ]
L , n
L , n
H /7 H
L / ]
L
I~ ! —
L , n
L , ]
\

- uonniosal W) € = = = = = \ .
C UONN|OSBI WY Z vevvevenennn \ .
- uonnjosal wy T _
C l | l l l l 7]

alneladwa |
dew AjquuoN  NO Arenuged

UOISIDBId JUSWAINSLN

0T

asnedodo. |

0¢

0€

W/ «Z

oy

0S

09

666T LS9 6T:92:9T 8 1240300 Aepli4 :paonpoid 10id

M/ ainesadwa |

o

T

i

uonnosal WY € - - - - -
UONN|OSBI WY Z wvvvevvennne
uonnjosal wy T

| | | | |

alnyeladwa |
dew Areg NO Arenige4

UOISIDBId JUBWaINSLN

"UONN|OS®I [BDILBA WX Z YIM M T uey) Janaq o) ataydsodosy
Jaddn ay1 ul ainyesadwsal Jo sdew Ajrep aonpoid ued SN SOT 1eyl sareasn|| ainbiy SIyl "wy € surewals alaydsorelis ayl ul Uonnjosal ayl
D loyenb3 Areniqgad) dey Alyiuoy pue dey Ajreq Jo) ‘elaydsodod) syl ul UoNN|OSal [eIILUBA WY € ‘2 ‘T 1e uoisioaid ainjeladwa] :Gg ainbi4

0T

asnedodou |

0¢

(01

W/ «Z

oy

0S

09

41

EU-MET-EOSMLS-PRECISION/JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04



Joreni

EOS MLS Retrieved Geophysical Parameter Precision Estimates

"Wy € surewals aiaydsorens ay) ul uonnjosal ayl ‘(Ajuo

3 Areniga4) US|\ [eUOZ YIUOIA pue ues|y [euoz Ajreq Joj ‘aiaydsodonl ay) ul uonnjosal [edIlaA W € ‘g ‘T Te uoisioald ainresadwsa] :9z ainbi4

666T LSd 61:92:9T 8 1990100 Aepud :paonpoid 10d

L0

M/ aintesadwa ]

o

ATrCit -t bl b bl by e b bty ) )

uonnjosal wy g
uonnjosal wy g
uonnjosal wy T
| | | | | | |

alneladwa |
ueaw [euoz .G Alyuol  NO Areniga4

UOISIDBId JUSWAINSLN

0T

asnedodo. |

0¢

0€

W/ «Z

oy

0S

09

666T LS9 6T:92:9T 8 1240100 Aepli4 :paonpoid 10id

o]

M/ ainesadwa ]

14 € 4 T 0
C T T T T T 10
m ...................... .m
L -\
™ e
- /v .m+
50T
C AHH N
- I H
C ih
C ~H esnedodoiL
- H
B H
C 1 0¢
1
- i
- H
o H
- i
C i N
- L *
C H0E =
C 17 w
- 1]
- 1
C 1
C -
- ! —
- 014
C ,
C -
C ¢t
- / —
- ’ |
- 7 -
- 7 —
* 0§
N . ]
C ! ]
- 1 n
- uonnosaI WY € - - - - - \ ]
C UONN|OSBI WY Z wvvvevvennns Y 7
- uonnjosai wy T ]
C L L | L ! L L 109

alnyeladwa |
ueaw [euoz .G Ajred NO Arenuga4

UOISIDBId JUBWaINSLN

EU-MET-EOSMLS-PRECISION/ JPL D-16160 / EOS MLS DRL 601 (part 4) / ATBD-MLS-04

42



EOS MLS Retrieved Geophysical Parameter Precision Estimates

5 Resolution of H,O and temperature in the troposphere

The grid resolution of the O and temperature measurements in the troposphere can be as fine as 1-2 km:
for H,0, the Daily Map precision is-30% for 1 km grid resolution, and for temperature the Daily Map
precision is~0.5 K for 2 km grid resolution.

The high resolution in the troposphere can be seen more clearly by plotting the averaging kerne@® for H

and temperature (see Figufes$[Z7-28). These were generated using Equation 6 for the averaging kernel matrix
A, using a 0.5 km* grid for HO or temperature, and the ‘standard’ resolution for the other measurements.
The averaging kernels plotted are from the diagonal blocks obrresponding to kD or temperature.

The line-style for the averaging kernels cycles to separate them visually, but has no other significance. The
peak of each averaging kernel is labelled with the measurement height (which may not correspond to the
peak height). Tha priori was chosen to approximate the precision achieved in the troposphere for 1-2 km
grid resolution, and is given in Tallé 2.

The full width at half maximum gives a good estimate of the grid resolution. In the troposphérésH
measured with a resolution ef1.5 km in a Daily Map and-1 km in a Daily Zonal Mean; temperature

is measured with a resolution 6f2.5 km in a Daily Map and~1.5 km in a Daily Zonal Mean. These
values confirm that, even accounting for these values being for the grid resolution, rather than based on the
highest representable spatial frequency, the resolution can exceed that expected from the FOV width of the
EOS MLS antenna (see Table 5-4 of Waters (1999)). A major contributor to the good tropospheric resolu-
tion is the strong vertical gradient of,® in the troposphere. The channels in the 191.9 GHz radiometer
(other radiometers will have some contribution as well) have sufficient range and frequency resolution that
EOS MLS can act as a ‘nadir’ sounder. Since the channels saturate at diffef@mhiding ratios (effec-

tively), it is the H,O scale height (about 2 km), rather than the pressure scale height, that sets the achievable
resolution. For the KO measurement, this effect becomes important beld8 km (see Figure 27); for the
temperature measurement, belel km (see Figure28).
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6 Comparison of simulations with scaled UARS MLS results

For optically-thin spectral lines, it is possible to estimate precision for EOS MLS products by scaling from
precisions achieved by UARS MLS. This scaling estimate can be compared with the simulation results to
(partially) validate the simulation.

Tabld 4 shows the scalings and comparisons which have been calculated by J.W. Waters and updated with the

most recent simulation results. The scaling is with reference to the UARS MLS 206 Ghie&urement
and takes into account

The ratio of radiometer noise to UARS MLS 206 GHz adiometer noise,

the ratio of linestrength to the UARS MLS 206 GHz [ihestrength,
e the combination of measurements in EOS MLS (e.g. CIO is measured in two radiometers), and

isotopic abundances.

The formula for the scaled precision is
(scaled precision= (reference precisionx (radiometer noise ratjg(linestrength ratip.

The calculations and simulations are for optically thin lines at 22 hi2¥ km*). The vertical resolution in

the simulations is set at 3 km* except for Hy@nd HCN, set at 4 km* to match the EOS MLS FOV width

at 180 GHz. The daily map space/time average is used. This combination of space and time resolution
matches the effective integration time for the UARS MLS measurements.
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Acronyms

AFGL Air Force Geophysics Laboratory
ATBD Algorithm Theoretical Basis Document
DACS Digital Auto-Correlator Spectrometer
DU Dobson Unit

EOS Earth Observing System

FOV Field of View

IWC Ice Water Content

MLS  Microwave Limb Sounder

UARS Upper Atmosphere Research Satellite
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