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[1] Cloud ice water content (IWC) from MLS retrievals
and ECMWF analyses and forecasts are compared for
August 2004 to July 2005. ECMWF data are sampled along
MLS tracks and filtered according to MLS sensitivity. At
147 hPa, there is good spatial agreement with the analyses
biased high by 10%. Over landmasses, the analyses are
biased low up to 50%. This underestimation grows in the
forecasts, with a 40% reduction by day 10. At 215 hPa,
the analyses are biased low by 10—60%. However, at this
level the forecast IWC undergoes little change. These
biases, in conjunction with those in precipitation and top
of the atmosphere radiative fluxes, along with
consideration of the changes in vertical velocity,
cumulus cloud mass flux and cloud top detrainment,
indicates a systematic reduction of the modeled deep
convection over the warm pool in conjunction with a
weakened large-scale circulation and enhanced upper-level
vertical stratification. Citation: Li, J.-L., J. H. Jiang, D. E.
Waliser, and A. M. Tompkins (2007), Assessing consistency
between EOS MLS and ECMWF analyzed and forecast
estimates of cloud ice, Geophys. Res. Lett., 34, L08701,
doi:10.1029/2006GL029022.

1. Introduction

[2] Upper—tropospheric (UT) ice clouds can strongly
influence global climate through their effects on the radia-
tion budget of the earth and the atmosphere [e.g., Starr and
Cox, 1985; Liou, 1986, Ramanathan et al., 1989; Stephens,
2005]. In addition, they play a very important role in
determining the spatial structure of precipitation, the vertical
structure of latent heating and the time scale of the atmo-
spheric hydrological cycle [e.g., Webster, 1994]. Although
observations of ice clouds have been made using satellites
[e.g., Rossow and Garder, 1993] as well as in situ methods
[e.g., McFarquhar et al., 1999], our understanding of UT
cloud processes, particularly their microphysical makeup
and vertical distribution, remains limited. Even basic
quantities such as ice water content (IWC) have been
difficult to characterize from space due to penetration and
sensitivity shortcomings in the visible and infrared wave-
lengths and nadir-viewing geometry.

[3] The EOS MLS on the Aura satellite platform provides
global observations of cloud IWC profiles. These observa-
tions offer a new opportunity to study UT cloud processes in
global atmospheric models, such as the integrated forecast
system (IFS) of the European Centre for Medium Range
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Weather Forecasts (ECMWF). Li et al. [2005] provided an
initial assessment of the ECMWF model analyses (in
addition to other global climate models) in representing
global UT IWC, using one month of the MLS IWC
measurements from January 2005. They found that the
spatial agreement between MLS and ECMWF were quite
good, although the MLS estimates were generally higher by
a factor of 2—3 than the ECMWF fields, particularly
over tropical landmasses. Some of the inconsistencies
between the analyses and satellite values might have arisen
from sampling differences (e.g., diurnal cycle), instrument
sensitivity and precision, and/or systematic biases in the
retrievals and/or analyses.

[4] This study aims to improve the preliminary study of
Li et al. [2005] by extending the study period to an entire
year of overlapping observations and model output, by
explicitly accounting for the MLS algorithm/instrument
sensitivity in the comparisons, and by sampling the
ECMWF analyses only at the times and locations of
the MLS retrievals. In addition, in order to better understand
the nature and impact of the systematic biases in the ECMWF
model, the ECWMF forecasts are also investigated.

2. Data
2.1. MLS Satellite Observations

[s] The MLS onboard the Aura satellite, operational
since August 2004, has five radiometers measuring micro-
wave emissions from the Earth’s atmosphere in a limb-
scanning configuration to retrieve chemical composition,
water vapor, temperature and cloud ice. The retrieved
parameters consist of vertical profiles on fixed pressure
surfaces having near-global (82°N—82°S) coverage. The
MLS IWCs are derived from cloud-induced radiances
(CIR) using modeled CIR-IWC relations based on the
MLS 240 GHz measurements. The IWCs at 147 and
215 hPa have a vertical resolution of ~3.5 km and a
horizontal along-track resolution of ~160 km for a single
MLS measurement along an orbital track. This study uses
MLS version 1.51 IWCs [Livesey et al., 2005], similar to
IWCs discussed by Li et al. [2005]. In this version, the
estimated precision for the IWC measurements is approxi-
mately 0.4, 1.0 and 4.0 (mg m73) at 100, 147, and 215 hPa,
respectively, which account for combined instrument plus
algorithm uncertainties associated with a single observation.
In this study we focus on the 215 hPa and 147 hPa levels.
The data used in this study are from the period August 2004
to July 2005. It is important to note that the MLS IWC
data has yet to be comprehensively validated. A detailed
description and validation of the MLS IWC retrieval is
given by Wu et al. [2006] (D. L. Wu et al., Aura MLS cloud
ice measurements and comparisons with CloudSat and other
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