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ABSTRACT

Radiation is the ultimate source and sink for the cli-
mate system. Due to the presence of clouds, radiative
energy is vertically redistributed. The shortwave irradi-
ance at the surface generally decreases during over-
cast conditions. However, at the top of atmosphere the
irradiance increases because of the high reflectance of
clouds. To consider the energy redistribution inside the
cloud layer and above/ below the cloud we used the
radiative transfer model DAK (Doubling Adding KNMI)
to calculate heating rates and flux profiles for overcast
cases. Atmospheric profiles were derived by means of
the Integrated Profiling Technique (IPT). Simulated
irradiances at the surface are compared with ground-
based BSRN measurements.

1. INTRODUCTION

Aerosol and cloud radiative forcing have been inten-
sively studied world wide using both observations and
models. Satellite-based radiation budgets in combina-
tion with radiative transfer model calculations and
other observations have provided us with a rough con-
ceptual understanding of the distribution of cloud-
induced heating within the atmosphere and at the sur-
face [1, 2, 3]. Recently, Mace et al, [4, 5] have studied
the redistribution of heat in the atmosphere by clouds
using measurements and models at SGP/ARM
(Southern Great Plains / Atmospheric Radiation
Measurement) site. McFarlane et al. [6] studied the
effect of clouds on the calculated vertical distribution of
shortwave absorption in the tropics using data at
Nauru and Manus at the TWP/ARM (Tropical Western
Pacific) site.

In the Netherlands, the CESAR Observatory (Cabauw
Experimental Site for Atmospheric Reseach) consists
of a large set of instruments to study the atmosphere
and its interaction with the land surface. The site is
used for monitoring of long term tendencies in atmos-
pheric changes, studies of atmospheric and land sur-
face processes for climate modeling, validation of
space-borne observations, the development and im-
plementation of new measurement techniques
(http://www.cesar-observatory.nl). Loehnert et al., [7,
8] have developed the Integrated Profiling Technique
(IPT) algorithm to derive physically consistent profiles
of temperature, humidity and cloud liquid water con-
tent using combined radar, lidar, microwave radiome-
ter and synoptic observations. Now the IPT algorithm
runs operationally for Cabauw. Since 2005, the radia-
tion site of Cabauw has been part of the Baseline Sur-
face Radiation Network (BSRN) [9, 10].

In May 2008 the EUCAARI-IMPACT campaign was
executed at Cabauw. During this campaign excellent
shortwave broadband irradiance closure has been
achieved on the basis of AERONET and BSRN meas-
urements for clear sky cases [11]. The good results
are not only the result of high-quality measurements
but also of intense development of the DAK radiative
transfer model. Ongoing work at KNMI consists of
shortwave closure at the surface for overcast cases
and the radiation profile for cloudy cases. In this paper
we will show some preliminary results about the clo-
sure study for the overcast case and explain the ideas
for the radiation profiles.

2. METHODS

The flux profile and heating rate can be calculated
using the Doubling Adding KMNI (DAK) radiative
transfer model [12, 13, 14, 15]. We start from the
shortwave radiative closure between DAK model simu-
lations and BSRN measurements for the simple over-
cast case with one single layer stratocumulus water
clouds. For water clouds the scattering phase matrices
are calculated using Mie theory [16]. The cloud phase
matrices have been calculated at 32 wavelengths and
for 14 particle sizes. The broadband surface irradian-
ces are calculated at 32 wavelength bands from 240-
4600 nm using k-distribution methods for the absorp-
tion of Oz, CO2, O3 and water vapor [17]. However, it is
still too time consuming to do online calculations for
the cloudy cases. Therefore the direct, diffuse, global
irradiance at surface are pre-calculated at 24 cloud
optical thickness (from 0 to 160), 14 effective radii
(from 2 to 20 micron) and 10 solar zenith angles (0-
75°). In comparison to the effect of clouds, the effects
of Os, water vapor and aerosols on the diffuse irradi-
ance are small, so we use the standard mid-latitude
summer atmospheric profile (including Oz and water
vapor) and no aerosols. For relatively thick clouds the
direct irradiance at surface is close to 0, the fixed O3
and HxO profile only cause a very small error in the
global irradiances. In the DAK simulations we assume
that the cloud is a homogenous layer at 1-2 km be-
cause the effect of cloud altitude on the irradiance at
the surface can be neglected. The diffuse irradiances
for SZA = 60° are shown in Fig. 1 as an example for
the LUT. The diffuse irradiance at the surface de-
creases with increasing cloud optical thickness. The
diffuse irradiance increases with increasing effective
radius, however the increase is small for effective radii
larger than 10.

The most important parameter for the cloudy radiative
transfer is the cloud optical depth (COD) (cloud optical
thickness (COT) at every altitude layer). Currently the
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cloud liquid water content profile and effective radius
(Re) profile are available from the IPT data for water
clouds at Cabauw. The microwave radiometer also
provided liquid water path (LWP). The LWP, R. and
COT are also available from MODIS, SEVIRI and
other satellite measurements. The cloud optical thick-
ness can be calculated as follows:

2LWP
3R.p

e

COT =

(1)

where p is the density of liquid water. The cloud opti-
cal depth can be calculated using Eq. 1 except that the
LWP and Re should be profiles instead of integrated
values.

Actually it is sufficient to use cloud optical thickness for
the closure studies. In this paper we also use the col-
located cloud optical thickness from MODIS to check
the closure at surface because this is more straight-
forward. If the MODIS data give better closure than the
IPT data the IPT cloud optical thickness will be scaled
to the MODIS optical thickness.

If closure is achieved we have confidence that the
cloud optical thickness is in good shape. Therefore the
cloud optical depth profile derived from the IPT profile
using Eq. 1 is reliable. The radiative forcing profiles
and heating rates at the 32 bands can be calculated
using the DAK model with the same settings that give
good closure with BSRN measurements. In an ideal
case the closure should be achieved simultaneously at
the top of atmosphere and at the surface.
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Figure 1. Diffuse irradiance at surface as a function of
effective radius for different cloud optical thicknesses
at SZA of 60 °for water clouds. ‘b’ is optical thickness.

3. RESULTS AND DISCUSSION

The shortwave radiation closure and radiative forcing
profile are our ongoing work. We could only show
some very preliminary results here. An overcast case
was selected from radar/lidar measurements on 30
January 2007. As shown in Fig. 2 on this day the
clouds were one single layer and no ice clouds.

In this paper we used MODIS L2 cloud data at 5km
spatial resolution [18]. The MODIS data were selected
over Cabauw within 10-km radius. There are two times
MODIS overpass per day, so we only have two meas-
urements from MODIS to compare with IPT and mi-
crowave radiometer data. The microwave radiometer

and LPT measurements have very high time resolution
and are averaged in 10 minutes intervals in this study.

Liquid clouds - IPT(KNMICR/HATPRO), Cabauw, 070130

cloud classification . rain
dnzzle
ice

mixed
m .nqmd

— AL e T unclass

Iwe on radar res. [gm’]

Height [

gt (k]

O I

H

5y e g g 1
1

a1 Ll

- G
J:ilim.. ‘

0

FaTPRO-LP

5 5 20 Lwe fgm1

0
Time [UTC]

Figure 2. Clouds classification, heights and LWP on
30 January 2007 at Cabauw.

We had three different cloud optical thicknesses: 1)
calculated from IPT integrated cloud liquid water con-
tent and Re using Eq. 1; 2) calculated from microwave
radiometer LWP and MODIS Re using Eqg. 1; 3) se-
lected from collocated MODIS L2 data. The cloud opti-
cal thickness derived from microwave radiometer and
MODIS are shown in Fig. 2.
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Figure 3. Cloud optical thickness time series derived
from microwave radiometer and the scaled COT to
MODIS on 30 January 2007.

On 30 January 2007 the COT derived from the micro-
wave radiometer using averaged MODIS Re is lower
than MODIS optical thickness. The IPT LWP is lower
than microwave radiometer therefore the IPT COT is
also lower MODIS. Using MODIS COT the simulated
diffuse irradiances at surface are comparable to BSRN
measurements. Therefore we scaled the COT derived
from microwave radiometer to the mean MODIS COT
at 11 and 13 UTC. The scaling factor is about 1.6.
Since the clouds were relative stable on that day it
was reasonable to use one scaling factor for the whole
day. Fig. 4 shows the global irradiances measured by
BSRN and the simulated global irradiances interpo-
lated from the LUT using the scaled COTs. The differ-
ences are within +/- 15 W/m?. The mean difference is
5 W/m2. The simulated global irradiances follow the
variations of BSRN measurements. Between 11 and
13 UTC the simulated irradiances are higher than
BSRN measurements. Between 9 and 11 UTC the
simulated irradiances are lower. That might be due to
the fact that the scaling factor is computed using
MODIS COT close to 11 and 13 UTC. If we use the
COT derived from IPT and scaled to MODIS the simu-
lated global irradiances are also close to the BSRN
measurements.
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Figure 4. Global irradiances from simulations using
the scaled microwave radiometer COT and the BSRN
measurements for 30 January 2007.

The microwave radiometer and lidar/radar measure-
ments have a narrow field of field. They are more sen-
sitive to the inhomogeneous character of the clouds.
The BSRN global irradiance is measured hemispheri-
cally and the irradiances are the average of a large
area over the instruments. This could be seen from the
variations of the BSRN data and ITP or microwave
radiometer data. The average of 10 minutes leads to
similar variation in the two data sets. However, there
should be a more robust method for the temporal and
spatial match.

By comparing the COT derived from IPT and micro-
wave radiometer with MODIS we have to take into
account their spatial resolution. MODIS provides a 1-
km cloud product but the resolution is still very differ-
ent as compared to the radar/lidar vertical beam. If the
clouds are inhomogenous the COT will be different for
the lidar/radar method and MODIS product. When
using the derived COT for model simulations and com-
pare these to BSRN measurements, there is another
spatial resolution difference. We assumed that the
BSRN instruments receive photons within 10 km for
cloudy cases. This might be different for different
cloud cases.

The clouds were about 300 m thick and contained
relatively little water on 30 January 2007, which might
not be an optimal case for the IPT algorithm. There-
fore we need more cases to test our approach for the
cloudy closure.

4. CONCLUSION

We have performed a one case study of shortwave
radiative closure for an overcast case on 30 January
2007 at Cabauw. The simulated global irradiances
using the scaled cloud optical thicknesses derived
from microwave radiometer or IPT data are compara-
ble to BSRN global irradiances. The mean difference
between simulations and measurements is 5 W/m®.
The result is promising. However, the scaling will not
work if the clouds have large temporal variations since
only two MODIS overpasses per day are available.
Without scaling the cloud optical thickness derived
from IPT or microwave radiometer is relatively small,
so that the simulated global irradiances are much
smaller than BSRN measurements. Therefore we plan
to use the cloud properties from SEVIRI/MSG, which
has 15 minutes time resolution. After we get robust

closure we can calculate reliable cloud radiative forc-
ing profiles.
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