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Abstract

The effective radius r. describing the size of cloud droplets and ice crystals is derived from the cloud
condensate content and temperature calculated within the HIRLAM short-range numerical weather pre-
diction model. Introducing re into the radiation scheme of the model allows the scheme to handle clouds
with different sizes of cloud droplets and ice crystals in a realistic way. The modification to the radiation
scheme retains the fast performance of the scheme. Using the droplet size information mainly affects
the short-wave radiation of thin clouds. On the average, the ice clouds become slightly more and the *
water clouds slightly less transparent than in the original radiation scheme. In general, the effect of the
new parametrization on the synoptic-scale forecast is small, but local changes in the model’s two-metre

temperature can be significant.

1 Introduction

The radiative properties of clouds depend strongly on
the size of the cloud particles (Slingo, 1989; Slingo,
1990; Kiehl, 1994; Chen and Ramaswamy, 1996).
Hu and Stamnes (1993) demonstrated that the effec-
tive radius (7,) is a good measure of the average par-
ticle size for radiation purposes, at least for spher-
ical water droplets. Numerous parametrizations for
the optical properties of clouds in terms of r, have
been suggested, both for water (Slingo, 1989; Hu and
Stamnes, 1993; Savijirvi et al., 1997) and ice clouds
(Ebert and Curry, 1992; Fu, 1996).

The problem remains as to what value to assign to
re. Satellite retrievals and other observations reveal
that the droplet size, and thus r,, varies with loca-
tion, the main variability being due to differences be-
tween continental and maritime air masses (Han et
al., 1994) The differences between re over land and
sea are relevant for the Earth’s climate, as has been
found in a sensitivity experiment with the NCAR
GCM (Kiehl, 1994). The findings have been con-

firmed in a study with the ARPEGE model (Dandin
etal., 1997).

Itis possible to prescribe r, and treat it as a tuneable
parameter in large-scale models, for example those
used in the studies by Kiehl (1994) and Chen and Ra-
maswamy (1996). However, a more physical solu-
tion is preferable that accounts for the variability of r,
with ambient conditions. Several attempts have been
explored how to relate r, and the cloud condensate
content (CCC) in water clouds (Bower et al., 1994
Martin et al., 1994; Pontikis, 1996; Wyser, 1998b) In
all these approaches the amount of cloud condensate

is divided by the number of droplets to find the mean
volume of a droplet which is assumggl to be propdr-
tional to r,. Another method is to develop a param-
eterization from observations of the effective radius
and other atmospheric variables (Gultepe and Isaac,

1996; Gultepe et al., 1996). However, parameteriza-
tions based on. stausncal fits are difficult to gener-
alise as they, in principle, are valid only for the same
condmons ‘under which the observations ‘have been

made



206 K. Wyser et al.

Contr. Atmos. Phys,

Finding the effective radius is more difficult for ice
clouds than for liquid water clouds. The main prob-
lem is the nonspherical shape of the ice crystal which
makes the definition of an effective radius ambigu-
ous (Wyser, 1998a). A number of observations have
revealed that the mean size of ice crystals decreases
with temperature in a statistical way (Heymsfield and
Platt, 1984). Subsequently, the effective radius forice
crystals could be expressed as a function of the tem-
perature (Ou and Liou, 1995). Other parameteriza-
tions of r, for ice clouds have been suggested that
also take into account the ice water content (West-
phal et al., 1996; Wyser, 1998a). In this study, how-
ever, the simpler parameterization that only depends
on the temperature is used to keep the computational
effort low. Some tests with a more sophisticated pa-
rameterization did not reveal substantial differences
in the radiative fluxes.

How important is the effective radius in numerical
weather prediction models? This question has not
been answered comprehensively yet. A previous case
study with the HIRLAM (High Resolution Limited
Area Model) forecast model was done to explore how
a decrease in r, from 10 um to 5 pm affects a 15 hour
forecast. The smaller droplets increase the reflectiv-
ity of the clouds, more sunlight is reflected back to
space and less reaches the surface. As a consequence,
the surface temperature becomes lower for small-
drop clouds, the decrease exceeding 0.5 K over large
areas. The effect on long-wave radiation is much
smaller, since thick model clouds tend to be black
bodies irrespective of the droplet size, except possi-
bly cirrus clouds.

The radiative transfer in HIRLAM is calculated
with a very fast scheme (Sass et al., 1994). This
is achieved by highly parametrlzmg the interac-
tion between the atmosphere and the rad1at10n The
short-wave absorptlwty and transmlsswny of clouds
are parametrized in terms of the cloud condensate
amount, with a fixed r, of about 10 m. The objective
of the present study is to modify the parametrization
to allow for variations in the effective radius. Another
refinement is achieved by treating the radiative prop-
erties of water and ice clouds separately. All changes
are made in such a way that the fast performance of
the scheme is not affected.

The present study is organised as follows: the re-
trieval of r, for water clouds and for ice clouds is de-
scribed in Section 2. Section 3 gives a brief overview
of the present HIRLAM cloud and radiation schemes.
The changes needed to include r, as a further parame-
ter to the radiation scheme are discussed in Section 4.
A number of experiments with the modified radiation

scheme are presented in Section 5. Conclusions and
an outlook in Section 6 complete this study.

2 A parametrization for r,

2.1 Water clouds

Martin et al. (1994) found empirically a linear rela-
tionship between the cubes of the mean volume ra-
dius r, and the effective radius,

o swater = K17 ‘ 2.1
The parameter & is found to be different for marine
and continental clouds — values are given in Table 1.
Assuming spherical droplets, the cloud condensate
content (CCC = liquid + ice water content, in kg m~)
is connected to r, by

4 N
ccc = ;-p,;Nri (2.2)

where py = 1000 kg m ™ is the density of liquid wa-
ter and N the number concentration of the cloud
droplets. Suggested values of N for marine and con-
tinental clouds are also listed in Table 1. Combining
(2.1) and (2.2) yields

T Yala ol 1,/3
o

3
Fewater = (W)

which allows one to calculate r, 4., for spheri-
cal droplets from the cloud condensate content. Fig-
ure 1 shows the relation between CCC and r, yyg1er to-
gether with some values from different cloud droplet
size distributions. Note that (2.3) might underes-
timate #, waerer for low cloud condensate amounts.
Theory predicts that small droplets grow relatively
faster than large droplets by diffusion. Thus, all small
droplets will rapidly grow to a certain size as soon as
they are activated. A minimum r, ,,;,, = 4Lm is intro-
duced to account for the resulting low abundance of
small droplets.

(2.3)

The different values for k and N are due to the higher
concentrations of cloud concentration nuclei (CCN)
over land surfaces. The marine values are represen-
tative of clean background air, as may be found over

Table 1: Parameters for the calculation of r, yurer as suggested
by Wyser (1998b).

| £ N[m?]
marine 0.81 1x 108
continental | 0.69 4 x 108
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Figure 1: Effective radius ry warer as a function of CCC for con-

tinental (solid) and marine (dashed) clouds. Also shown are val-

ues cited by Slingo and Schrecker (1982) and Chylek et al.

(1992) as circles and crosses, respectively.

oceans. Upper tropospheric air is also considered to
be clean and the marine values for k and N are ap-
plied there, too. The variability of CCN in space is
accounted for by weighting r, accordingly,

Fe water = f"e,cont + (1 - f) Fe mar, 2.4

where 1, con and r, mqr are the effective radii calcu-
lated with the parameter values for continental and
marine clouds, respectively. The weight f depends
on height and location, a coarse approximation is

f—{ franaM—=70)/(1="0) M >Mo
- 0

n<mng

where fiuq 18 the fraction of land at a gridpoint and
1 is the vertical hybrid coordinate decreasing from
1 = 1 at the surface to 11 = 0 at the top of the model at-
mosphere. The threshold value 1 describes how far
the higher concentration of aerosols over land affects
the droplet concentration. For the present study, 1 is
set to 0.7.

(2.5)

2.2  Ice Clouds

Ice clouds are difficult to observe, and data about the
size and shape of ice particles are sparse. Another
problem is how to define an effective radius for non-
spherical ice crystals (Wyser, 1998a). Ou and Liou
(1995) suggest to link the mean effective width D, to
the cloud temperature based on the observations by
Heymsfield and Platt (1984). The resulting parame-
terization becomes

D, = 3263+ 12.42T, +0.19777 -+ 0.001277  (2.6)

where 7; is in °C and D, in um (Ou and Liou, 1995).
The effective radius is obtained by assuming r, j., =
D, /2. Note that (2.6) has been obtained as a cubic
polynomial fit to observed data below —20°C, and
extrapolating (2.6) to higher temperatures might lead
to unreasonably high values for r, ;... Thus, the mini-
mum of —20°C and the ambient temperature is taken
in (2.6), resulting in an upper limit for r, ;.. of about
75um.

\

3 Cloud and radiation parametrizations in
HIRLAM

In the HIRLAM model cloud-radiation interactions
are handled by the condensation and radiation rou-
tines. These are a part of the physical parametriza-
tions of the model, including also parametrizations of
turbulent and soil-surface processes.

3.1 Cloud scheme

The HIRLAM cloud scheme is based on Sundgvist
et al. (1989) and Sundqvist (1993), and is docu-
mented in Killen (1996). One part of the scheme
parametrizes the release of latent heat (production of
condensate) and connected subgrid-scale circulation
(fractional cloud cover). The other part deals with
microphysical processes, i.e. the release of precipi-
tation, and the evaporation and melting of hydrome-
teors. Values of cloud condensate content, fractional
cloud cover and probability of ice given by the cloud
scheme are used as input for the radiation scheme in
HIRLAM.

The cloud condensate content is a prognostic variable
in the model. The fractional cloud cover is derived
from the relative humidity values independently of
the cloud condensate content. Different schemes for
stratiform and convective cloud cover are used. The
ice water content is approximated by multiplying the
cloud condensate content by the probability of ice.
The ice probability fi.. is given as a function of tem-
perature (Sundqvist (1993), based on the work of
Matjevev (1994)).

3.2 Radiation scheme
The HIRLAM radiation scheme is documented in

Sass et al. (1994). It is based on Savijirvi (1990);
only a brief overview is given here. The scheme
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was designed to be fast, so only one vertical loop
is allowed in both the solar (short-wave, SW) and
the thermal (long-wave, LW) part. The SW clear-air
global flux is obtained by reducing the top-of-the-
atmosphere (TOA) horizontal flux by broadband av-
erage ozone absorption (350 DU), water vapour ab-
sorption (depending on the scaled precipitable wa-
ter content ), and Rayleigh scattering in the col-
umn. Average aerosol, CO», and O, effects are also
included. In cloudy air the SW flux is reduced by
the total cloud transmissivity 7, also taking into ac-
count multiple reflections between cloudbase and the
surface. In a partly cloudy column the clear-sky and
cloudy sky results are linearly combined.

The cloud SW transmissivity and absorptivity func-
tions are fits to detailed multiple scattering scheme
calculations (Stephens, 1978; Liou and Wittmann,
1979; Slingo, 1989; Ramaswamy and Freidenreich,
1992) for stratus-type clouds with an effective drop
radius of about 10 um. The functions depend on the
solar zenith angle 6 and the modified cloud conden-
sate amount M (in g m~2), which is the vertical inte-
gral above the level under consideration of CCC mul-
tiplied by the relation of the cloud cover C to the max-
imum cloud cover of the whole column C,y,

M ()= !

o iy

/, TOA

Lt

Jr

cceye(yd:
The absorptivity is

A =byg(byy +cos8)log(l + baM) 3.2)
-
with the parameters b;g = 0.013, b1y = 1, and bjp =
0.1m* g7, The transmissivity is given by

T=1,/(1 +m) (3.3)
where
f‘i 21913(])}4-%-6059) 3.4)

with the parameters b3 = 40gm—2 and bys = 0.5,

Clear-air solar heating due to water vapour absorp-
tion, a(u), is obtained by vertical flux convergence,
fitting da/du from the line-by-line al(u) curves of
Chou (1986). In and below clouds the clear-air values
are reduced by the cloud transmittance 7. In clouds
there is also extra heating due to cloud drop absorp-
tion, represented Ey the flux convergence of the ab-
sorptivity, dA /op.

Ice clouds are not treated separately in the SW
scheme. All clouds are considered to consist of lig-
uid water droplets.

The LW part uses a broadband emissivity scheme in
a local isothermal approximation. The water vapour
line emissivity is a cubic function of logu; contin-
uum, CO,, and O effects are added as extra terms.
There can be clouds both above and below the layer
in question. Cloud effective emissivity € is

€= C(1 —exp(—k,m)), (3.5)

where C is the fractional cloud cover, m = CCCAz
is the cloud condensate amount (in gm™?) of the
layer with a thickness Az, and the cloud mass absorp-
tion coefficient k, decreases linearly with the verti-
cal hybrid 1 coordinate, so as to give smaller values
for ice clouds as is observed. Near the surface %, is

0.20m? g~ !, and near the tropopause 0.05m? g~

4 Modifications of the radiation scheme

4.1 Short-wave radiation

In order to retain the fast performance of
the HIRL AM radiation scheme, only small modifica-
tions are looked for that do not change the basic fea-
tures of the scheme. It is suggested that the functional
form of the SW cloud absorption and transmission be
left unchanged, except for the parameters by and b3,
(c.f. Egs. 3.2-3.4), that now depend on 7, sw.

bio = broatesw + Droo: Lo
b — bon (4.1)
D13 = by3aresw + b13p,

where 7, sw is the effective radius for short-wave cal-
culations (see Section 4.1.3). Values for all the b-
parameters are found by adjusting the HIRLAM radi-

ation scheme to a more sophisticated radiative trans-

fer model.

4.1.1 Water clouds

Cloud absorption and transmission is calculated for
various water paths, effective radii, and solar zenith
angles with a two-stream 5-band radiative transfer
model. The model is a modification of the 4-band
model briefly described in Savijarvi et al. (1997) but
with the cloud optics derived from Hu and Stamnes
(1993). The HIRLAM parametrizations (3.2) and
(3.3) for absorption and transmission with modifica-
tions (4.1) are then fitted to the results from the more
detailed radiative transfer model by minimising the
sum of the least square differences. Figure 2 shows
an example of the transmission calculated with the
detailed radiation model compared to the HIRLAM
parameterization. The new values for the SW coeffi-
cients are listed in Table 2. Note that that the values
of all b-parameters change, not only b1g and bys.
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Figure 2: Transmissivity and absorptivity of water clouds as a function of integrated cloud condensate amount M for various ry s
at a zenith angle of 60°. Shown are results from the 5-band radiative transfer model (dotted), the old (dashed) and the new (solid)
HIRLAM parametrizations. The arrow indicates the direction of increasing r, yazer, with the lowest and highest values of 2.5 and 15 pum,

respectively. The increment between the curves is 2.5 um.

Table 2: Parameters for the SW scheme to be used in (4.1) valid
for ¢ warer given in im and M in g m™2.

Table 3: Parameters for the conversion between r, ;., and ry,.
valid for radii given in um.

Absorption | Transmission a; 0522
bioa 155x107% | b3, 7.00 a, -4.551
i in=3 1 i Ta a 4.115
bigy, 8.18x 10 by, -4.775 3
by 129 by 830x1072
by, 0545 |

41.2 Iceclouds

Ice clouds are included in the SW parametrization
through an equivalent radius, 7. This radius is cho-
sen in such a way that an ice cloud with particles of
size re ;e has the same optical properties as a water
cloud with 7, ywarer = 7eq. Assuming

Feg = A1T¢ jce + a2 COSH + ag, (4.2)

for the relation between r, ;. and ry, we look for
values of the coefficients g; in the following way:
the transmissivity 7 for a number of ice clouds is
calculated with the 5-band radiative transfer model
with ice optics from Ebert and Curry (1992). The a-
parameters are then found by matching the HIRLAM
transmissivity as defined by (3.3) and (3.4) with the

new values for b and r, = ryy to the result from
the radiative transfer model. The values for the a-
parameters are listed in Table 3.

4.1.3 Effective radius for SW calculations

The effective radius for the SW calculations, r, sw.
is determined from 7, ,u.r and .. Special treatment
is necessary, since r, sw should be representative not
only of the level under consideration but also of all
the cloud water and cloud ice above, as multiple scat-
tering between cloud layers is not taken into account
explicitly. Therefore, an effective radius weighted by
the cloud condensate amount, cloud cover and thick-
ness of each layer is calculated:

S [regwater (i) (1 = fice (1)) + req (i) fice ()] C()) CCC(0) Az(i)

resw(j) =

- , (4.3)

¥, CCC(i)C(i)Az(i) \
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where C(i) is the cloud cover and Az(i) the thickness
of the layer i. Note that the summation extends from
TOA (i = 1) to the level under consideration.

4.2 Long-wave radiation

The cloud mass absorption coefficient k, in the refer-
ence HIRLAM is a function of normalised pressure
only. Here, it is modified to depend on the effective
radius explicitly,

ka,x =C;+0 eXP(*CBre,x)

(4.4)

where the index x stands for either water or ice. Ex-
pression (4.4) is taken from ECHAM 4 (Roeckner et
al., 1996). The values for the c-parameters are given
in Table 4 and are valid for r, , given in im and k, , in
m? g~!. The total mass absorption coefficient is com-
posed of water and ice contributions. The effective
emissivity € of a cloudy layer now becomes

E= C{l —EXp [—(ka,walermw + ka,icemi>]}a 4.5)
where m,, = (1 — fi..)CCCAz and m; = f;,, CCCAz are

the cloud water and cloud ice amounts (in gm™?) of
the layer.

Table 4: Parameters for the cloud LW mass absorption coeffi-
cient from ECHAM 4 (Roeckner et al., 1996).

| Water ce
¢ | 0.0255 0.0202
¢y | 0.2855  0.2059
ez | 0.0890 0.0676

5 Model experiments

The reference HIRLAM radiation scheme (Sass et
al., 1994) was validated using data from the In-
tercomparison of Radiation Codes used in Climate
Models (JCRCCM, Ellingson et al., 1991) and mea-
surements of the Joint Air-Sea Interaction experi-
ment (JASIS, Slingo et al. 1982). Part of the same
data is used here to test the effect of introducing
drop size information into the scheme. The sensi-
tivity of the radiation scheme to variations in the
cloud condensate vertical distribution is illustrated
after the comparisons. In addition, surface radiation
flux measurements from a Southern Finland observa-
tory (Jokioinen) are compared with one-dimensional
HIRLAM calculations using collocated aerological
sounding data as input. An example of the influence
of radiation parametrizations in a full HIRLAM fore-
cast is shown.

In the following, the reference HIRLAM scheme will
be called "H2 old’ and the scheme with the variable
effective radius, described above, "H2 new’. :

5.1 The ICRCCM comparisons

Four different single-layer clouds were considered in
the ICRCCM comparisons: high and low (heights 1-
2 km and 9-10 km), and thin and thick (cloud water
path 10 and 200 g m™~) clouds. All clouds were as-
sumed to be water clouds irrespective of their height.
Two cloud types with small (CS, 7. yarer = 5.25 um)
and large (CL, 7, yarer = 31 tm) drops were defined.
The mid-latitude summer atmosphere with a solar
zenith angle of 30°, surface albedo 0.2 and surface
emissivity 1 is used here. The full ICRCCM data sets
can be found in Ellingson and Fouquart (1991). All
gases and aerosols were included in the HIRLAM
calculations. The profiles were interpolated to the 31
hybrid levels of HIRL.AM. The low clouds were as-
sumed to lie between the levels 769 and 915 hPa and
the high clouds between the levels 173 and 237 hPa.
The results are compared against the ICRCCM aver-
age values, pending better references.

The downward surface fluxes are shown in Table 5.
The effect of the new parametrization is best seen in
the short-wave fluxes, where the difference between
the CS and CL clouds is significant and is well repro-
duced by the "H2 new’ scheme. The long-wave fluxes
given by "H2 new’ differ from those of "H2 old” only
in the case of thin clouds, where the difference be-
tween large-drop and small-drop clouds given by "H2
new’ is somewhat larger than in the average ICR-

CCM results,

Table 5: Downward radiative fluxes at the surface for the ICR-
CCM clouds.

SW down
(Wm™%)

ICRCCM CS 782431 -

low thin low thick high thin high thick

779431 -

ICRCCM CL 921418 537448 920418 536454
H2 old 814 251 853 241
H2 new CS 767 153 760 149
H2 new CL 892 525 930 529
LW down

(Wm™?)

ICRCCM CS 399+£8 - 36017 -
ICRCCM CL 389411 413£3 35847 36347
H2 old 409 416 356 371
H2 new CS 408 416 368 371
H2 new CL 378 416 358 371
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Figure 3: Schematic vertical distributions of cloud condensate
content, The diagnosed effective radius r, sw at the lowest cloud
level and the ratio of downward short-wave radiation flux at the
surface to the top-of-atmosphere flux SWy ., /S0 are shown in
each panel. ~

5.2 A sensitivity example

The ICRCCM mid-latitude summer atmosphere with
a solar zenith angle of 30° and a total cloud conden-
sate content of 200 gm ~2 was used in the sensitiv-
ity study. In Figure 3, three different schematic ver-
tical distributions of cloud condensate and the corre-
sponding calculated with the "H2 new’ scheme ratio
of downward short-wave radiation flux at the surface

to the top-of-atmosphere flux SWy,,, /S, are shown.

In the "H2 old’ scheme, the surface fluxes depend
only on the Total cloud condensate content and the

relation SWyyn /S, is 0.20 for all cases in Figures 3

and 4. Introducing the effective droplet radius de-
rived from the cloud condensate content makes the
"H2 new’ scheme sensitive aiso to mﬁew\_/ertlcal dis-
“tribution of cloud condensate. Geometrically thick
but less dense water cloud (Figure 3a) now contains
small droplets and thus reflects more short-wave ra-
diation than the cloud with the same cloud conden-
sate amount concentrated in a thin layer (Figure 3c)
and thus consisting of large drops. Because of this
physically based behaviour, the new scheme can be
more sensitive to the inaccuracies due to the model
vertical resolution.

The effect of introducing a parametrlzatlon of ice ef-
fects on short-wave radiation is illustrated in Fig-
ure 4. The downward short-wave flux at the surface is
smallest below a low all-water cloud. High ice clouds
and the mixed middle clouds with the same cloud
condensate content transmit more short-wave radi-
ation to the surface. The radiation scheme thus be-
comes more sensitive to the vertical location of the
cloud layer and also to the form of the temperature-
dependent ice probability function in the model.

SWgouwn/S=0.22 /

8,=0. )
Iesw=9.8m /
/
SWaown/Se=0.27 | SWyp4n/S,=0.27
resw=11.9um fesw=11.9um o
1

Cloud condensate content in grid volume

Height

Fraction of ice
Figure 4: Schematic vertical distributions of cloud condensate,
the diagnosed effective radius r, sw at the lowest cloud level and
the corresponding ratio of downward short-wave radiation flux
at the surface to the top-of-atmosphere flux SWy,,,,,/So (a-c).
The vertical profile of ice probability valid in all cases is shown
in (d).

5.3 The JASIN case

Measurements made during the Joint Air-Sea Inter-
action Experiment in a stratocumulus-capped bound-
ary layer over the Northem Atlantic, 8 August 1978
(Slingoetal., 1992), were used for a detailed compar-
ison of parametrized and observed cloud and radia-
tion parameters. The vertical profiles of temperature,
humidity, cloud water and cloud drop size (optional)
were used as input data. The measured short-wave
and long-wave radiative fluxes were used in validat-
ing the model results.

Solar TOA flux was taken equal to 1327 W m ™~ and
solar zenith angle as 43.7° (Slingo et al., 1994). The
surface albedo was 0.05 and surface emissivity 1.
Above an altitude of 10 km, sub-arctic summer tem-
perature and humidity profiles were used. The cloud
was assumed to cover the whole grid box in the hor-
izontal. The model resolution was 181 levels, 8 of
which were inside the cloud layer, located between
about 560 and 900 metres. The total cloud water con-
tent in the cloud was about 130 gm™2 and the mea-
sured effective drop radius was 10.3 um at the cloud
top, 7.9 lim in the middle and 6.1 wm at the cloud base
(Schmetz, 1987). (As diagnosed by the *H2 new’
scheme the effective radius varied from 11.8 um at
the top to 4.3 pm at the base, another parametrization
from Savijirvi (1997) giving 10.9 um to 5.8 pm.)

The net radiation fluxes above, below and inside the
cloud are compared in Table 6. The total short-wave
absorption and the system albedo (the ratio of up-
ward flux to downward flux at the cloud top level) are
shown in Table 7. Estimates of the reliability of the
observed fluxes can be found in Slingo et al. (1982).
The inaccuracy in defining cloud boundaries in the



212

K. Wyser et al.

Table 6: Net radiative ﬁuxeé at some altitudes in the JASIN case.

SW net (W m™2) Above cloud In cloud Below cloud
H2 old 275 205...270 205

H2 new/diagnosed reff 305 230...300 230

H2 new/observed reff 270 200...265 200
Obs* 260450 210...275+40 200440
Schmetz* 280 235...255

LW net (W m™2)

H2 old -85 —-7...—10 —18
H2 new/diagnosed reff -85 —8...—10 —18
H?2 new/observed reff -85 . =7...—10 —18
Obsg#** —T70+4 —10... —20+4 —2044
Schmetz and Raschke** -90 0 -20

*Values from Schmetz (1997), ¥*values from Figure 13 and Table 3 of
Slingo et al. (1982). The observation error is related to individual measure-
ments.

Table 7: Total short-wave absorption and system albedo in the JASIN case.

Total absorption(Wm™2)  System albedo

H?2 old 57 0.66
H2 new/diagnosed reff 66 0.62

12 new/observed reff 63 0.66
Obs* 52420 0.6840.02
Schmetz et al.# 51 0.69
Slingo and Schrecker* 59 0.68

*Values from a Table inserted in Figure 14 of Slingo et al. {1982), based on
Schmetz et al. (1981), Slingo and Schrecker (1982).
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model and in the observations may cause some ad-
ditional differences between the modelled and ob-
served results.

The net radiative fluxes and system albedo given by
the "H2 new’ scheme using observed drop sizes as in-
put differ from observed fluxes less than 10 W m™2.
The diagnosed effective radius, averaged for short-
wave calculations (Eq. 4.3), is slightly overesti-
mated near the cloud base. Thus the net short-wave
fluxes are about 20-40 W m~? larger and the system
albedo smaller than the observed mean values. All
fluxes are, however, correct within the observational
accuracy. Results obtained using the effective ra-
dius parametrized. according to Savijdrvi (1997) (not
shown) do not differ significantly from these. The
"H2 old’ scheme also gives good results, because its
parametrizations are based on the type of clouds ob-
served here. The total cloud absorption given by the
"H2 new’ scheme is somewhat overestimated, both

with the observed and diagnosed effective radii. The
resulting inaccuracy in the radiation fluxes is small,
because the magnitude of cloud absorption is mi-
nor compared with the magnitude of reflection from
clouds.

The long wave results given by the different schemes
are quite similar, the dense stratocumulus layer being
close to a black body. The difference between the ob-
served and calculated LW fluxes might be explained
by the presence of a thin cloud layer above the stratus
deck (Slingo et al., 1982).

5.4 Surface radiation fluxes at Jokioinen

Many of the aerological sounding stations measure
surface radiation fluxes continuously. Simultaneous
synoptic observations are also available. The sound-
ing data can be used as input to radiation schemes,
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and radiation observations can be used for validation
of the results in clear sky cases. In cloudy situations a
major problem is the lack of measured data of cloud
condensate and cloud cover and their vertical distri-
bution. This data could be estimated from the rela-
tive humidities of the soundings, as was done for ex-
ample by Baer et al. (1996). Another possibility is to
use the predicted cloud condensate and cloud cover
from a NWP model as input to the radiation calcu-
lations. The predicted cloud condensate and cloud
cover may not correspond exactly to the true val-
ues, so direct comparison between observed and pre-
dicted radiation fluxes is not possible. However, dif-
ferences between radiation parametrizations can be
revealed, and observations give some guidance to the
validation of the results. The latter approach was cho-
sen in this study.

Data from the aerological observatory of Jokioinen
(WMO number = 02963), in South-western Finland,
were used. Detailed measurements of radiative fluxes
at the surface and routine synoptic and aerological
sounding data are available. An eight-day cloudy pe-
riod from 12 UTC 9 July to 00 UTC 18 July, 1989
was chosen for comparison. During the period heavy
convective and stratiform cloudiness was frequent.

A one-dimensional version of HIRLAM without
time integration was used. The number of vertical
levels in the model was 61. The input to the model
consisted of measured ground temperatures and pro-
files of temperature and relative humidity from the
soundings. A mean albedo of 0.18, with a correction
depending on the solar height angle, and a surface
emissivity of 0.98 were used in the one-dimensional
calculations. Cloud liquid water and cloud cover
(at the nearest grid point) were provided by three-
dimensional HIRLAM 12-hour forecasts based on
the ECMWF 00 UTC and 12 UTC analyses.

The radiation observations used in the compari-
son consisted of total net radiative flux (short-wave
+ long-wave balance) and global downward short-
wave flux. The upward long-wave radiation flux was
calculated using a downfacing IR thermometer giv-
ing surface temperature over full-grown crops. The
downward long-wave radiation flux was calculated
as a residual. The measured sunshine hours and total
cloudiness from the SYNOP observations were used
as additional information.

The predicted and observed downward short-wave
and long-wave radiation fluxes together with the pre-
dicted integrated cloud condensate content and pre-
dicted and observed total cloud cover are shown in
Figure 5. The calculated values differ from the ob-
served ones most in those cases (e.g. 12 UTC 15 July)

where the observed and predicted total cloud cover
differ most, and where the predicted cloud conden-
sate contents probably also différ from the true val-
ues. The "H2 old” and *H2 new’ results are close. The
new parametrization gives slightly greater SW and
LW fluxes at the surface in cases in which an upper
ice cloud was predicted by the model (e.g. 16 and 17
July 12 UTC). In the case of thick mixed and water
clouds with moderate cloud condensate amount (e.g.
11 and 12 July, 12 UTC) the diagnosed 7, gw val-
ues in the low troposphere are quite small, and con-
sequently the SW flux through the clouds is slightly
smaller in "H2 new’. In the other cases the fluxes
given by the new scheme are approximately equal to
those of the old scheme.

5.5 Influence of radiation parametrizations
on a forecast

The influence of the proposed parametrization on a
forecast is illustrated by a study of the convective
case of 9 July 1996. Two HIRLAM experiments with
a horizontal resolution of 27 kim, 31 levels in the ver-
tical and a 2-min time step are compared. In both ex-
periments a mass-flux type convection parametriza-
tion is used (Tiedke, 1989). The forecasts are ini-
tialised with the 00 UTC analysis.

A frontal system connected with a low pressure cen-
tre over the Southern Baltic Sea was moving north-
wards over Scandinavia. Heavy rainfall and a record
high amount of lightning were registered in South-
ern Finland. The surface temperature difference be-
tween the warm and cold air masses was of the or-
der of 20 K. The surface pressure and integrated
cloud condensate amount at 12 UTC as predicted by
the reference HIRLAM model with the old radiation
parametrization are shown in Figure 6.

The overall synoptic features of the forecast are al-
most unchanged by the proposed parametrization
changes. The mean net radiation flux (short-wave +
long-wave) over all 13 000 grid points of the whole
integration area at the surface of the +12 hour fore-
cast using the "H2 new’ scheme is 27 W m™? greater
than that given by "H2 old’.

Changing the radiation parametrization of clouds
changes the two-metre temperature. This gives a
tool to study the impact of the modifications to the
radiation scheme. The average two-metre tempera-
tures are practically equal in the two experiments.
The maximum local differences of T5,, given by the
new and the old schemes in the +12 hour forecast
(Figure 7) are -3...+5 K. The difference is mainly
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Figure 5: Downward short-wave {a) and long-wave (b) radiation fluxes at Jokioinen from 12 UTC 9 July to

12 UTC 19 July, 1989. Observed fluxes are shown with a solid line, "H2 new’ results with squares and "H2

old’ results with circles. Predicted integrated cloud condensate amount (squares), predicted (dots) and observed

cloudiness (dashed line) are shown in (c). Time shown as days in July, 1989, local solar time used.
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Predicted 96070900+12h surface pressure ( hPa)
and cloud condensate amount (g/m2) v

Figure 6: The reference HIRLAM forecast at 00 UTC 9 July 1996 +12h. Isolines: surface pres-
sure at an interval of 2 hPa. Over the shaded light grey areas the integrated cloud condensate

amount is greater than 50 gm™2, over the dark grey areas greater than 250 gm™2.

seen over areas with thin clouds, since the thickest valid at night the temperature difference between the
clouds are opaque in either scheme. Over the areas of ~ schemes is insignificant.

maximum differences, the "H2 new’ scheme seems '

to give temperatures somewhat closer to observed  Horizontal and vertical distribution of cloudiness dif-
than the "H2 old’ scheme. In the +24 hour forecast fer somewhat in the experiments. However, the ver-
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Predicted 96070900+12h and observed at 96070912
two-metre temperatures (C)
{ \ 4 - T\

Figure 7: Two-metre temperature and cloud cover observed at 12 UTC 9 July, 1996 (values plot-
ted at synoptic stations) and predicted by the "H2 new’ experiment, based on the analysis at 00
UTC 9 July (solid curves with an interval of 2 K). Difference between the predicted using the
new and the old radiation parametrization two-metre temperature To,,; ;01 - Top o14¢ OVer the light
grey areas the difference is smaller than —2 K, over the dark grey areas it is greater than +2 K.

i

tically integrated cloud condensate path, averaged actions in a complex way. Direct radiative heating
over the whole integration area, does not change sig- and cooling may influence condensation and evap-
nificantly. The suggested changes in the radiation oration in clouds. Differences in cloudiness change
parametrization influence the cloud-radiation inter- the surface energy balance which in turn may lead
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to changes in convective processes. These changes
might have an impact to other physical and dynam-
ical processes of the model. In the case studied such
an impact could not be surely identified.

6 Conclusions

The effective radius r, is retrieved from the cloud
condensate content for water clouds and from the
temperature for ice clouds. The HIRLAM radiation
scheme is extended to be able to handle clouds with
different sizes of cloud droplets and ice crystals in a
realistic way. The fast performance of the model is
not affected, because r, is used in the framework of
the existing scheme. Tuning of the empirical param-
eters of the scheme has a clear physical basis.

The effect of the new parametrization is best seen
in the short-wave fluxes. In the ICRCCM compar-
isons, the difference between small-drop and large-
drop clouds is significant and well reproduced by
the new scheme. Introduction of the effective radius
makes the scheme more sensitive to the vertical dis-
tribution of cloud water and ice. High clouds consist-
ing of ice crystals with large effective radii are less re-
flective than the high water clouds of the old scheme.
The long-wave fluxes given by the proposed scheme
differ from those of the present scheme only in the
case of thin clouds.

In the JASIN case, the new scheme, when used to cal-
culate radiation fluxes through a thick stratus cloud,
gives results near to those observed. Comparison of
calculated and observed surface radiation fluxes at
Jokioinen shows that the new parametrization gives
slightly greater surface SW and LW fluxes in the
presence of upper ice cloud. In the case of thick
but not too dense mixed and water clouds the SW
flux through the clouds is slightly smaller in the new
than in the old parametrization. The predicted two-
metre temperatures given by full three-dimensional
HIRLAM experiments, using the new and the old
radiation parametrizations, are close to each other
on average. However, maximum local daytime dif-
ferences between the experiments were found in the
range -3...+5 K.

Comparison of model radiation fluxes with those ob-
served by routine surface measurements, by field
studies (including in-cloud observations), and by
satellites is needed in the validation and future de-
velopment of the scheme. More synoptic cases are to
be studied with the full three-dimensional model to
compare the impact of the modifications with obser-
vations.
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