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Comparison of retrieved profiles with operational models

Summary

This document describes in detail the numerous ways that the Cloudnet observations have been used to
evaluate the representation of cloud in the seven forecast model in the project. The properties of the models
arelisted in Table 1.

Table 1. Summary of the characteristics of each of the seven models evaluated in Cloudnet.

M odel Horizontal Vertical Forecast range Cloud scheme
res. (km) levels used (hours)
ECMWF 40 70 12-35 Tiedtke (1993): prognostic cloud fraction
and total water; diagnostic liquid/ice ratio.
Met Office 12 38 6-11 Wilson and Ballard (1999): diagnostic cloud
mesoscal e model fraction (Smith 1990); prognostic
vapour+liquid and ice mixing ratio.
Met Office global 60 38 0-21 As Met Office mesoscale model.
Meteo France 24 41 12-35 Ricard and Royer (1993): diagnostic cloud
fraction and water content.
KNMI RACMO 18 40 12-36 As ECMWF model.
SMHI RCA 44 24 1-24 Diagnostic cloud fraction, prognostic total
water with diagnostic liquid/ice ratio.
DWD LM 7 35 6-17 Doms et a. (2004): diagnostic cloud

fraction, prognostic water content.

The work has been divided into 19 sections, which are summarised as follows:

Direct comparison of models and observations

1. Evaluation of mode cloud fraction. Cloud fraction is the primary cloud variable in models requiring
evaluation. We have compared the long-term statistics of cloud fraction derived from the observations
with the corresponding statistics held in each of the models (in particular the mean, frequency of
occurrence, mean amount when present and the probability density function) to identify the errors in the
climatology of each model.

2. Evaluation of model liquid water path. Microwave radiometers provide the path-integrated liquid
water in avertical column, which can be compared directly to model values.

3. Evaluation of model liquid water content (LWC) and super cooled water occurrence. The long-term
statistics of LWC have been compared with the models, which has highlighted the errors in the vertical
distribution of liquid, particularly at temperatures below 0°C where there is alarge divergence in the way
supercooled water is treated between models.

4. Evaluation of model ice water content (IWC) using the reflectivity-temperature and RadOn
algorithms. Long-term statistics of IWC have been compared with models using two different radar
algorithms, the first time IWC has been evaluated in such a comprehensive manner.

5. Regime analysis. It can be difficult to diagnose what is responsible for the errors uncovered in the
representation of clouds in models, but an approach has been developed in which the comparison
statistics are decomposed by synoptic regime. This reveals, for example, that the ECMWF overestimate
of low-level cloud occurs in neutral boundary-layer conditions but less so in the stable boundary layer.

6. SKill scores. The comparisons above all evaluate the model climatology, but pay no attention to whether
the clouds are forecast at the right time. Skill scores have been used to quantify the skill of the modelsin
simulating clouds as a function of time, height and forecast lead-time. The skill of the “persistence”
forecast is shown for comparison.

7. Comparison between observed and modelled convective cloud development.

Observed characteristics of clouds to improve cloud parameterisations

8. Cloud area versus volume. The observations have been used to parameterise the relationship between
model-simulated cloud fraction by volume and the radiatively important cloud fraction by area.
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10.

Ice cloud inhomogeneity. The sub-grid structure of clouds is important for their radiative properties,
and the sub-grid inhomogeneity of ice clouds has a so been characterised using cloud radar in a way that
could be implemented in the newer generation of cloud schemes.

I ce particle density. The relationship between ice particle mass and size (or equivaently the density-
size relationship) is important for interpreting radar retrievals in ice clouds, as well as for sedimentation
ratesin models. Here it is shown how Doppler radar can be used to derive ice particle density.

Changes to model cloud parameterisations

11.

12.

13.

Change in the M eteo-France cloud scheme. A change to the Meteo-France cloud fraction scheme was
implemented in April 2003 and resulted in the previously substantial underestimate of cloud fraction
being largely corrected according to the Cloudnet comparisons. Surprisingly, the comparisons with
synoptic observations of cloud cover showed a worsening of performance. However, this was found to
be due to the additional change in the cloud overlap scheme, highlighting the need to get both cloud
fraction and overlap right in models.

Changes in the Met Office cloud scheme. Various changes to the representation of clouds in the Met
Office model have been tested using Cloudnet data, and we describe the results of changing the
representation of mixed-phase clouds and the value of RHcrit, the grid-box-mean relative humidity at
which cloud isfirst formed.

Effective radius parameterization implementation in RACMO. Analysis of Cloudnet radar-lidar
retrievals of ice particle effective radius have shown that rather than parameterizing it as a function of
temperature (as is ubiquitous in climate models), a better approach would be to parameterize it as a
function of distance from cloud top. This has now been implemented in the RACMO model.

Statistical studiesto verify the methods of comparison

14.

15.

16.

17.

18.

19.

High cloud sampling. A problem with evaluating the model cloud fraction above around 8 km is that
the radar can have difficulty detecting the small ice particles at this altitude. A sensitive lidar (e.g. the
LNA at Palaiseau) can detect these clouds but only in the absence of low liquid cloud that would block
the beam. Tropical ARM data have been used to show how careful lidar sampling can alow the high
cloud in the model to be evaluated.

Comparison of model cloud fraction with radar, lidar, and combined radar and lidar. Cloud
statistics from combinations of radar and lidar at Palaiseau are compared to the ECMWF model.

Ice water content means. accounting for conditional sampling. Cloud radar data are unreliable for
retrieving ice water content when rain is falling at the ground, so generally must be excluded from the
statistics. In this section the resulting possibility of aresulting biasis investigated.

Conditional sampling and instrumental effects on the statistics of cloud properties. ECMWF model
data are used to investigate how derived cloud statistics are affected by sampling only at certain times
(e.g. during working hoursin the case of the lidar), lidar attenuation and radar sensitivity.

Assessment of the microphysical and radiative importance of the clouds missed by theradars. It is
known that the radar has difficulty detecting all the high cloud (above 8 km in mid-latitudes) that is seen
by the lidar. The optical depth of the clouds that might be missed is estimated using the output from
several different models.

A climatology of the ice cloud properties using RadOn over the three Cloudnet sites. Means and
PDFs of IWC from the RadOn algorithm are derived, as well as statistics on cloud geometry.



1. Evaluation of model cloud fraction

R. J. Hogan and E. J. O’Connor (University of Reading)

The large quantity of near-continuous data from the three Cloudnet sites enables us to make categorical
statements about the cloud fraction climatology of each of the models, much more than was possible
previously from limited and unrepresentative case studies. Cloud fraction has been derived from the Target
Categorization dataset (Hogan and O’Connor 2004), which uses a bit-field to describe the particles that are
present versus time and height over each site. This information is provided on the same high-resolution grid
as the radar and lidar data, and the particle types are cloud liquid water droplets, drizzle/rain drops, ice
particles, melting ice, aerosol particles and insects. Firstly, this bit-field is converted to a simple binary field
stating whether cloud is present: of the available classes only liquid water droplets and ice particles are
deemed to be cloud. Following Hogan et a. (2001) we argue that there is a strong distinction between liquid
cloud and liquid precipitation, but we treat cloud and precipitation as a continuum in the ice phase (certainly
from remote observations there is no obvious distinction). This leads to falling ice being treated as a cloud
but if these particles melt at the zero-degree level to form rain, they are then no longer classified as cloud,
something that must be borne in mind when comparing with models.

Next, cloud fraction is calculated on the grid of each of the various models as a Level 2b Cloudnet product.
Essentially the grid of each model is superimposed on the high-resolution observationa data, and the total
number of cloudy pixels in each model gridbox is calculated. The model horizontal wind speed is used to
convert the horizontal model resolution to an appropriate sampling time (but constrained to lie between 10
minutes and 1 hour), so that the observations are best matched to the grid of the model. For the purpose of
this study, we calculate cloud fraction by volume rather than by area (see Brooks et al. 2005 for a detailed
discussion, or section 8 for a summary). The sensitivity to high cloud can be diminished by strong radar
attenuation in moderate and heavy rain, which would lead to an underestimate of cloud fraction in the
observations. For sites with a 35-GHz radar, periods with a rain rate greater than 8 mm hr* are excluded
from the i:omparison, while for sites with a 94-GHz radar (which suffers greater attenuation), the threshold is
2mmhr.

For each model we have followed Hogan et a.’s (2001) ECMWF-only study, and compared mean cloud
fraction, frequency that cloud fraction is greater than 0.05 (“frequency of occurrence”), mean cloud fraction
when it is greater than 0.05 (“amount when present”) and cloud fraction PDFs. Full monthly and yearly
comparisons are recorded as Level 3 Cloudnet products, and are available for each model/observatory on the
Cloudnet web site*. Here the main results are summarised. Due to the problem of radar sampling of high
clouds, little will be said about the model performance above 8 km, athough thisis resolved in Section 14.
Figure 1.1 shows a month-long comparison of cloud fraction in the observations and five of the operational
models. Figures 1.2-1.9 summarise the statistical comparison with each model, where possible using data
from al three sites (Cabauw, Chilbolton and Palaiseau) and at least two years. We now detail the main
features evident in the performance of the various models evident from the Cloudnet comparisons over the
various sites.

ECMWF model. Cabauw observations from 2001-2002 revea that an overestimate of the frequency of
occurrence of low cloud (by around 50%) led to an overestimate of the mean cloud fraction in the boundary
layer (Fig. 1.2). Since 2003 al Cloudnet sites show that this problem has been resolved, and now the mean
cloud fraction, frequency of occurrence and mean amount when present are accurate (Fig. 1.3). Generally the
mid-level cloud fraction forecast is somewhat improved if model snow treated as cloud (shown by the
dashed linesin Fig. 1.3a). Thiswas also found by Hogan et a. (2001).

Met Office mesoscale model. Frequency of cloud occurrence is very well represented below around 5 km,
with somewhat of an underestimate above. Mean amount when present, however, is around 60-80% of the
observed value between 1 and 8 km leading to an underestimate of overall mean cloud fraction below around
6 km. The problem appears entirely due to the inability of the model to represent the occurrence of
completely cloudy gridboxes, shownin Fig. 1.4d.

Met Office global model. Below 2 km the mean amount when present is very accurate although frequency
of occurrence (and hence overall mean cloud fraction) is underestimated by up to afactor of 2 (Fig. 1.5). To
some extent this is due to the fact that, in the observations, the longer sampling time necessary to sample the
larger gridbox size than in the mesoscale model means that a given box is more likely to contain cloud;
essentially larger gridboxes have cloud fraction PDFs with fewer occurrences of 0 and 1. This effect is



http://www.cloud-net.org
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Figure 1.1. Comparison of observed cloud fraction at Chilbolton for the month of October 2003 (top row),
and the corresponding forecasts by the Met Office mesoscale model, ECMWF, Meteo France, RACMO
and SMHI.
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missing from the model due to its lack of a resolution-dependence in the cloud scheme. Above 2 km the
performance is much as in the mesoscale model, with errors dominated by the difficulty in generating a
cloud fraction of 1.

M eteo-France ARPEGE model. Before April 2003, the mean amount when present was only 20-25% of
the observed value at all heights, so despite the frequency of occurrence being around 50% too high, the
overal mean cloud fraction was only around 40% of the observed means. After the change to the
parameterisation scheme in April 2003, the performance was greatly improved, with amount when present
generally accurate, although frequency of occurrence and mean cloud fraction tend to be underestimated by
10-30% between 1 and 7 km (Fig. 1.6). This is discussed in more detail in section 11. There is some
evidence that the cloudy boundary layer istoo shallow in the Meteo-France model.

KNMI RACMO model. Frequency of occurrence is around 30-50% too high below 7 km, with the largest
error in the boundary layer between 1 and 2 km (Fig. 1.7). Amount when present is up to 40% too low
between 1 and 7 km, with a peak error at 4 km. The result is that the mean cloud fraction is around 30% too
high below 2 km and around 20% too low above. At mid-levels the PDFs reveal that 100% cloud fraction
occurs too infrequently.

SMHI RCA model. Beow 2 km the amount when present is reasonably good, but both frequency of
occurrence and mean cloud fraction tend to be around 50-60% too high (Figure 1.8). The model agrees
approximately with the observations between 2-3 km, but above 3 km frequency of occurrence is
increasingly overestimated by up to 50-100% at 7 km. Amount when present is underestimated by 25-30% in
mid-levels but is good at high levels. This leads to a substantia overestimate of mean cloud fraction.
Deutsche Wetterdienst (DWD) model. The comparisons at each observatory reveal that the model cloud
fraction climatology is largely correct, although at mid-levels the accurate mean cloud fraction belies around
a 20% overestimate of the frequency of cloud but a 20% underestimate of amount when present (Fig. 1.9).



Fig. 1.2. ECMWF model, Cabauw 2001-2002;
see below for caption.
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Fig. 1.3. ECMWF mode, all sites (Chilbolton,
Cabauw and Palaiseau) 2003-2004.
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Fig. 1.4. Met Office mesoscale, all sites 2003-2004.
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Fig. 1.5. Met Office global, all sites 2003-2004
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Figs. 1.2-1.5. Evaluation statistics for various models. (a) Mean cloud fraction versus height, including the
modified model profile with undetectable ice clouds removed, the error bars indicating the uncertainty in
this procedure (Figs. 1.1a and 1.2a also contain the modified profile including snow). (c) Frequency that the
gridbox-mean cloud fraction was greater than 0.05, and (€) mean cloud fraction when cloud fraction is
greater than 0.05. (b), (d), (f) PDFs of cloud fraction in three height ranges.




Fig. 1.8. SMHI RCA model, all sites 2002004. Fig. 1.9. DWD model, all sites 2004.



