Effect of inhomogeneity on the validation of SEVIRI LWP
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Abstract. We study the impact of cloud variability on the intercomparison of surfand-satellite-based LWP retrievals. In
particular we compare LWP retrieved by the geostationary MSG-2 SEs#Rs$or (pixel size: 3 by 6 kirat ~ 50° latitude)

to LWP retrieved from observed tracks (0.2 by 2 to 20%kimy ground-based MW radiometers. This study is based on both
synthetic cloudfields that allow accurate analysis of the various erroca®and comparison of real observations from both
SEVIRI and ground-based MW radiometers.
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INTRODUCTION

The importance of clouds in the climate system as modifiettseofadiative balance and the hydrological cycle has lead
to extensive efforts to observe cloud properties and treiations with time and location. Satellite observatiores a
ideally suited for this, due to their large spatial coveragewever, satellite retrievals incorporate many assuongti
(of instruments characteristics and cloud properties) ringuire that satellite observed cloud properties areqnpp
validated by more detailed and accurate observations ntagtewnd-sites.

Meteosat Second Generation (MSG) is a new series of Eurapezstationary satellites operated by EUMETSAT.
Currently METEOSAT-8 (launched 2002) and METEOSAT-9 (lelued 2005) observe the complete disk of the Earth
through the SEVIRI instrument every 15 min. in 12 differerwelength channels. Sub-satellite spatial resolution of
SEVIRI is 3 by 3 knf for most channels. The choice of wavelength channels allow®trievals of surface properties
and atmospheric composition (especially clouds [1]).

In this paper, we study the effect of horizontal variabilitywater clouds on the intercomparison of satellite and
ground-based observations. In particular, we study tledomparison of liquid water path (LWP), which is known to
show fractal properties like self-similarity from a vasiadf studies (satellite observed distributions of radianaed
LWP, ground-site observed LWP time-series, in-situ timéesasf LWC, see e.g. [2]).

DATA SOURCES

In this section, we will briefly describe the data sourcesdusethe present analysis. For the theoretical analysis of
errors, LWP from MODIS collection 5 cloud product from bothrfeeand Acqua platforms (August 2006 - September
2007, over Northern Europe) will be the main dataset. Withis dataset we searched for contiguous water clouds
that showed very reliable (assessment by MODIS team) vatsef optical depth, water path and effective particle
size. Al in all 604 contiguous water clouds (25 by 25%mver land were found.

To supplement these cloudfields, cloud top height stagistiézived for the CloudNet project from three ground-sites
in Northern Europe were used. The same ground-sites alstdpcbMW radiometer data for an intercomparison of
actual observations.

MODEL

The contiguous LWP fields found among the MODIS observatiosrewsed to derive synthetic high-resolution (0.1
by 0.1 kn?) cloudfields. The procedure is entirely based on the obdesgt-similar character of LWP distributions.
Just like famous fractals like the Sierpinsky sieve or Koobve flake are built by repeating the same shape at smaller



scales, so we propose to repeat LWP distributions obsenadlOm at scales of 1 km (yielding a resolution of 100
m). The original 1 by 1 krAMODIS observed LWP fields exhibit power-laws close-t6/3 over a small range of
length-scales. By filling in each 1 by 1 KiMODIS pixel with a scaled distribution of a LWP distributiobserved
over 10 by 10 kri, we essentially perform the first step in the creation of sislilar structure and extend the power-
law down to length-scales of 100 m. The real trick is not to adstrary LWP distributions over 10 by 10 Kmbut

to select appropriate ones based on LWP variability in neighibg pixels, so that the variation in LWP across pixel
boundaries is similar to the variation in LWP within a pixeig FL shows both an original MODIS LWP observation,
the high-resolution synthetic LWP field derived from it and gfower spectrum of the latter.

Power spectrum of cloud LWP

0.100 E

0.010F E

Power [arbitrary]

0.001 ¢ M 3

E . .
107° 107 107° 107%
Wavenumber [1/m]

o 50 100 150 200 0o 50 100 150 200

FIGURE 1. The leftmost picture shows an original 25 by 25%MODIS observed LWP field (gray-scale is gnthe center
picture shows th synthetic LWP field derived from it, the rightmost pcitumvstthe power spectrum of the LWP distribution for
the synthetic field (dashed line ha®/3 slope).

LWP observations by either satellite or ground-site are kied by averaging of the synthetic LWP, weighted
by the response function of either the SEVIRI sensor, or th# Mdiometer. In the case of SEVIRI, the response
function is given by the footprint response of the SEVIRIglitdiamond shape). In the case of the MW radiometer,
the response function is a narrow strip simulating the olesktrack as the cloudfield drifts over the observation site
(frozen turbulence assumption [3]).

Various contributions to the difference between satelitel ground-site LWP can be identified. First, an error
due to the plane-parallel bias in retrieving the satelld®&R-(pure 3D radiative effects will be minimal due to the
large size of the SEVIRI pixel). Second, an error becausd-(¥ (field-of-view) of the visual and near infra-red
channels for SEVIRI are not identical. Third, an error duehi® incorrect attribution of clouds at one altitude to a
geo-location at surface level (parallax effect). Fourtie tenter of the SEVIRI and radiometer response function do
not coincide (offset). Finally, the response functionsiikelves have substantially different shapes. The usefsiioke
this separation in different error sources is borne out kyitlependence of the resulting errors. Fig. 2 schematicall
shows how we intend to model these error contributions.
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FIGURE 2. The three larger squares represent a 25 by 25IP field as in Fig. 1. The dot represents the location of a ground-
site, the solid diamond, the nearest geo-location for a SEVIRI pixel. @sbatl pixels represent the observed SEVIRI FOV (left
and centre) and the idealized SEVIRI pixel whose centre coincides witrthumd site (right).



TABLE 1.

Contribution AQgs [g/m?]

Cabauw Chilbolton Palaisseau

NS EW NS EW NS EW
pp-bias 7.8 7.2 7.1
VIS/NIR 4.1 3.7 3.7
parallax 32.3 35.3 31.7
offset 21.6 28.9 17.7
footprint 154 303 154 303 154 303
total 39.6 47.1 389 440 452 58.0

RESULTS

We can now calculate the difference in LWP due to the prewvjoigiintified error sources, using our 604 synthetic
LWP fields. Results will depend of course, on which ground-gie choose. Here we consider Cabauw, Chilbolton
and Palaisseau, see Table 1.

The errors due to different footprints are better analyrefiures like Fig. 3, showing how they depend on wind-
speed and wind-direction. The clear difference betweertiNsouth and East-West winds is due to the elongated
shape of the SEVIRI pixel (itself due to the steep view angtsifes at- 5C° latitude). The difference in wind-speeds
(here shown as track-lengths) can be explained likewise.
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FIGURE 3. LWP differences as a function of track length for either N-S or E-W wignaid an ideal SEVIRI pixel whose center
coincides with the gound site (left); the SEVIRI pixel nearest to the Chilbdien(centre); SEVIRI pixel corrected for parallax
and site offset (right).

COMPARISON TO REAL OBSERVATIONS

In this section we briefly discuss results obtained from daar@omparison of actual SEVIRI and MW radiometer
LWP. In the absence of a well-defined truth, we let the prevamadysis guide us. We ask ourselves these questions: 1)
can we detect an influence of inhomogeneity on the intercoisgg 2) does correcting the parallax and offset errors
improve the intercomparison; 3) are there sampling stiegefigr the MW radiometer to optimize the intercomparison.

Dividing the observed clouds in two equally large subsets€d on the LWP variation of MW radiometer time-
series), it is obvious that the subset with the more inhomegas clouds shows larger errors in the intercomparison
with satellite data. Allthough median LWP for both subsetsyiste similar (50.5 vs 45.1 g/f), the errors are
significantly larger for the inhomogeneous sub&&ds = 49.1 vs 37.1 g/m).



Actually, the above error statistics are obtained aftereming for the parallax and site-offset. Slightly smaller
errors (though statistically significant) are found withthis correction (e.gAQgs = 50.1 g/n? for inhomogeneous
clouds).

An optimal validation strategy may be determined by assgrtiiiat there are natural spatial and time-scales over
which both SEVIRI and MW radiometer should be averaged (a@regpted). Introducing a Gaussian weighting
function, Fig. 4 shows the effect of varying both the typisghtial scale (SEVIRI) and typical time scale (MW
radiometer) on the explained variance in SEVIRI LWP vs. raditer LWP. The results are rather surprising: no
typical spatial scale is found and the time-scale is quitgdat 10 times the SEVIRI pixel size divided by the prevailin
windspeed. From our previous analysis, one would expecatiedgcale of the size of a SEVIRI pixel and a timescale
close to the travel-time of clouds over that same pixel.

FIGURE 4. Explained variance in LWP when comparing SEVIRI LWP to MW radiomeWf,_as a function of spatial and time
scales used to aggragate data

DISCUSSION AND SUMMARY

The purpose of this study is twofold. First, to develop a $eribeoretical framework for studying the intercomparison
of satellite and ground-based LWP observation (usually dorthe context of validating the satellite retrievals).
Second, to use this framework to study the contribution ofous sources to the overall difference in satellite and
ground-based LWP. Overall, our focus here is on the effeatooid inhomogeneity and sensor FOV.

We have developed a new technique for generating synthétk distributions with a high spatial resolution, based
on original MODIS observations with medium resolution. Bmsuing error analysis shows that intercomparison likely
introduces larger errors than those due to satellite xetrielowever, it was also shown that improved intercomjuairis
is possible if one corrects for certain errors (e.g. paxakfect) and appropriately selects averaging time-iratisrior
the ground-data. A direct comparison with real SEVIRI and VMliometer data partly corroborates these findings,
partly contradicts them. Further study is needed to sedilfraéion errors in these sensors maybe responsible.
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