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tive fields over appropriate time and space scales in a large-scale model of the atmosphere.

those obtained with the operational radiation configuration.

redistribution of the centres of convection.

the lower troposphere and a cooling of the upper troposphere and lower stratosphere.

he Monte-Carlo Independent Column Approximation (McICA) was recently introduced by Barker et al.
(2003) and Pincus et al. (2003) as a flexible way to ensure an unbiased, if noisy, description of the radia-

McICA is introduced here as part of a new radiation transfer package (McRad) for the ECMWF forecast model
and tested in both low-resolution (T, 159 L91) seasonal simulations and higher resolution (T 319 L91) ten-day
forecasts. The package includes an McICA version of both the RRTM LW and RRTM_SW radiation schemes,
a revision of the cloud optical properties, and a new surface albedo derived from MODIS data. The impact is
assessed through comparisons of model fields with corresponding observations and of objective scores against

In long simulations, McRad has a marked affect in reducing some systematic errors in the position of tropical
convection, due to change in the overall distribution of diabatic heating over the vertical, inducing a geographical

At high resolution, with respect to forecasts carried out with the standard radiation schemes, McRad has a small
(generally positive) on objective scores of the geopotential and a larger impact on temperatures, with a warming of

Finally, the flexibility of McICA approach in dealing with cloud overlap and cloud inhomogeneity is illustrated in an
additional series of seasonal simulations with the cloud generator and McRad handling either a generalized overlap-
ping inhomogeneous clouds or the previously assumed maximum-random overlapping plane-parallel clouds.
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Figure 1  The outgoing longwave radiation at the top of the atmosphere (in W m-2). Top figures are the ECMWF model simulations (left: operational,
right: McRad), middle ones are the CERES observations, bottom ones are the differences between simulations and observations.
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Figure 3  The longwave cloud forcing (in W m-2). Top figures are the ECMWF model simulations (left: operational, right: McRad), middle ones are the
CERES observations, bottom ones are the differences between simulations and observations.
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Figure 5 The difference with ERA40 analysis for temperature (top
Left column is for the operational model; right one for the model with
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Table 1 Characteristics of the longwave and shortwave radiation schemes in McRad.
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Table 2 Results from 13-month simulations at T,159 L91. Radiative
fluxes at TOA are compared to CERES measurements, total cloud cover
(TCC) to ISCCP D2 data, total column water vapour (TCWV) and liquid

water (TCLW) to SSM/I data. TP is the total precipitation compared to

GPCP or SSM/I data. The surface fluxes are compared to the Da Silva

climatology. Numbers in brackets are standard deviation.

Pressure

Figure 6 The difference with ERA40 analysis for zonal wind (top panels, in m s1) and vertical velocity (bottom panels, in Pa s-1).
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Left column is for the operational model; right one for the model with McRad.
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Figure 7  The mean error of the temperature for a set of 108 10-day forecasts at T;319 L91, started every 24 hours from 20060212 12 UTC to
20060531 12 UTC. From top to bottom, Northern Hemisphere, Southern Hemisphere, Tropics 20°N—20°S. Reference in blue, McRad in red. Left column

is for 850 hPa, middle for 200 hPa, right for 50 hPa.
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Figure 4  The shortwave cloud forcing (in W m-2). Top figures are the ECMWF model simulations (left: operational, right: McRad), middle ones are the
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Figure 9 The difference with ERA40 analysis for temperature (top panels, in K). Top left is the McRad model with gener-

alized overlap of cloud layers with a decorrelation length for cloud cover DLCC = 2 km and and a decorrelation length for
cloud water DLCW = 1 km, top right with DLCC = 4 km and DLCW = 2 km, bottom left with DLCC = 5 km and DLCW =
1 km. Bottom right is the McRad model with maximum-random overlap of homogeneous clouds.
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Figure 8 The root-mean-square error of the wind for the same set of forecasts as in Fig. 7. Reference in blue,
McRad in red. Left column is for 850 hPa, right column for 200 hPa.

urements, total cloud cover (TCC) to ISCCP D2 data, total column water vapour (TCWV) and liquid water (TCLW)
to SSM/I data. TP is the total precipitation compared to GPCP or SSM/I data. The surface fluxes are compared
to the Da Silva climatology.



