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Figure 4 The short-wave cloud forcing (in Wm'z) from the seasonal simulation using the Cy31r1 model (left)

and McRad model (right). (b) Short-wave cloud forcing (in Wm_z) derived from CERES observations. (c) Differences
in long-wave cloud forcing (in Wm_z) between the Cy31r1 model simulation and CERES observations (left)

and between the McRad model simulation and CERES observations (right).represent the observed frequency.

OLR ASW LWCF SWCF

(Wm-2) | (Wm2) | (Wm=2) | (Wm?2)
Observed -239 244 217.3 —48.7
Cy31r2- -8.1 10.0 9.6 -5.2
Observed (12.7) (17.5) (13.6) (15.4)
McRad- -3.2 -5.8 -4.0 -0.2
Observed (7.9) (14.2) (7.9) (12.9)

TCWV TCC TCLW TP

(kgm-2) (%) (gm-2) | (mm/day)
Observed 29.0 62.2 82.2 2.61
Cy31r2- -2.10 -6.0 1.67 0.45
Observed (3.65) (10.3) (22.1) (1.39)
McRad- -1.67 -5.3 0.86 0.40
Observed (3.13) (9.5) (22.4) (1.21)

Table 1 Results from 13-month simulations at T159L91 in terms of the bias and standard deviation (in parentheses)
for the previous operational model (Cy31r2) and McRad model. Radiative fluxes at TOA are compared to CERES
measurements for outgoing long-wave radi- ation (OLR), absorbed short-wave radiation at the top of the atmosphere
(ASW), clear-sky downward long-wave flux (LWCF), and clear-sky downward short-wave flux (SWCF). Also total cloud
cover (TCC) is compared ISCCP D2 data, total column water vapour (TCWV) and liquid water (TCLW) to SSM/I data,
and total precipitation (TP) to GPCP data.
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Figure 5 (a) Comparison of the difference between the Cy31r2 seasonal simulation and ERA-40 analysis
(left) with the corresponding difference for the McRad simulation (right) for zonal mean temperature (K).
(b) As (a) but for specific humidity (kg kg_1).

Impact on high-resolution ten-day forecasts

An experimental suite, parallel to the operational suite at T799L91, was run from July 2006 to April 2007.
This included McRad and some other modifications to the IFS that are unlikely to affect the response

of the model beyond the first few days. Results are presented here for December 2006 to April 2007,
with some more results specific to January 2007.

The main impact of McRad, compared to the previously operational radiation scheme, is to modify
separately the vertical distributions of the additional long-wave and short-wave heatings induced by the
presence of the clouds. This is linked to several factors: the revised cloud optical properties, particularly
for ice clouds where the effective particle size is now diagnosed from temperature and the local ice water
content (only temperature up to Cy31r2) contributes to more radiatively active ice clouds particularly at
high latitudes. Through the MclICA approach, the effect of the previous 0.7 inhomogeneity factor scaling
all cloud optical thicknesses in the long-wave and short-wave parts of the spectrum is replaced by the
inherent variability in cloud optical thickness provided by the cloud generator.

The change in radiative heating profiles directly impacts the position of the convective activity, as can be
seen in Figure 6. This presents the change in outgoing long-wave radiation (OLR) and absorbed short-wave
radiation (ASR) during the first 24 and last 24 hours of the ten-day forecasts for January 2007. In the tropical
area the decrease in OLR (a negative quantity) and increase in ASR (a positive quantity) indicates more high
level cloudiness over South America, Southern part of Africa and the Tropical West Pacific. The impact over
Sahara is linked to the revised surface albedo.

The improvements brought by McRad can be seen in various objective scores. Figure 7 presents the
variation in the RMS error of geopotential at 200, 500 and 1000 hPa for the European area computed

over the period 1 December 2006 to 30 April 2007. A small but systematic improvement is seen over most
of the ten days of the forecasts over Europe. The same kind of improvement is found for the northern and
southern hemispheres. The improvement in the location of the major tropical cloud systems has a direct
impact on the tropical scores at all heights in the troposphere, as illustrated in Figure 8 for the RMS error
of the vector wind at 850 and 200 hPa.
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Figure 6 (a) The difference in outgoing long-wave radiation (OLW, left) and absorbed short-wave radiation (ASW,
right) at the top of the atmosphere between the McRad and the Cy31r2 simulations averaged over the first 24-hour
of the forecasts for the month of January 2007. (b) As (a) but for forecasts averaged over the last 24-hour of the
ten-day forecasts. All quantities in W m™.
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Figure 7 Variation of RMS error of the geopotential in the European area at
(@) 200, (b) 500 and (c) 1000 hPa over the period 1 December 2006 to 30 April 2007.
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Figure 8 The time-series of the RMS error of the vector wind in the tropics (20°N-20°S)
at (a) 200 and (b) 850 hPa over the period 1 December 2006 to 30 April 2007.
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Figure 9 (a) RMS error (left) and mean error (right) of the temperature at 200 hPa for McRad ten-day forecasts
at T399L62, started every 96 hours from 12 December 2006 to 12 May 2007, and using the six different
radiation grids from R255 to R31. (b) As (a) but for 850 hPa temperature.

Impact on medium resolution ten-day forecasts used in the Ensemble Prediction System
For ECMWF’s Ensemble Prediction System (EPS), the model uncertainties deriving from parametrized
physical processes are simulated by applying a random number between 0.5 and 1.5 to the sum of the
physical tendencies within a 10°x10° box over three hours. The scaled physical tendencies are then passed
to the thermodynamic equation to be solved. Therefore, introducing a more approximate treatment of

the radiation tendencies (as through the use of a more reduced radiation grid) is not likely to deteriorate

the quality of the EPS forecasts.

In ten-day forecasts with McRad running the T399L62 model with various resolutions for the radiation grid,

the impact on the objective scores was small. For example, Figure 9 presents the RMS error of the temperature
at 850 and 200 hPa (the most sensitive parameter) in the tropics for sets of 93 forecasts starting every fourth
day spanning a year from 2 February 2006 to 5 February 2007. For these sets of forecasts with the resolution
of the radiation grid being reduced from R255 to R31, the impact on the geopotential is small and does not
appear before day 6 of the forecasts. Similarly small is the impact on the RMS error of temperature at 850 and
200 hPa. Only the mean error in temperature at 850 hPa for all areas (northern and southern hemispheres, and
tropical area) and the mean error in temperature at 200 hPa in the tropics show a distinct signal. However, the
difference between R255 and R 31 (i.e. a radiation grid coarsening from [0.70°]2 to [5.625°]2) is at most 0.06 K.
In the tropics, where these differences in temperature between the various radiation grids are the most marked,
the impact on the wind is very small. So after further testing of the EPS in pre-operational mode, it was found
that reducing somewhat the radiation grid allows for a decreased cost of the EPS without affecting its overall
quality. Therefore, from 5 June 2007, the EPS including McRad is being run at T399L62 R95 for 10 days,

then at T255L62 R63 up to 15 days.
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Summary and outlook

The new radiation package McRad presented in this article was made operational with model cycle Cy32r2
on 5 June 2007. It includes a new short-wave radiation scheme, revised cloud optical properties, the
MODIS-derived land surface albedo and the MclCA approach to radiation transfer in cloudy atmospheres.
In addition there can be a more extensive use of a flexible radiation grid; the grid can be made coarser
when the highest accuracy of the radiative heating rates is not essential for the application, as with the EPS.

McICA is the most important change as it simplifies the radiation transfer schemes by suppressing all
references to partial cloud cover, the subsequent separate calculations for clear-sky and cloudy parts
of the layers, and the inherent complexity of the vertical integration accounting for the overlapping of
these clear and cloudy quantitites (reflectances/transmittances or fluxes). The cloud generator used
here (Réisédnen et al., 2004) being independent from the radiation transfer can now handle any overlap
situation, and is used here with a definition of the overlap of cloud layers through decorrelation lengths
(Hogan & Illingworth, 2000).

The impact of McRad was studied in seasonal simulations, and ten-day forecasts, and it was shown to
benefit the representation of most parameters at both short and longer time-scales, relative to the previous
operational version.

McRad allows the same overlap assumption to be used for radiation transfer and precipitation/evaporation
processes, a problem previously solved either only approximately or through additional calculations. In

the future, it will help connect the radiation transfer calculations with cloud information derived from cloud
schemes based on a probability distribution function or from observations of the vertical profiles of the
condensed water as made available from CALIPSO-type measurements.
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