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ABSTRACT

An analysis of long-term measurements of
meteorological parameters and a  one-

dimensional (1D} model are applied to unravel
the complex causes and effects of the observed
trend of decrease in diurnal temperature range
(DTR) over Taiwan. We apply the Fu-Liou
radiation scheme to provide profiles of radiation
fluxes and heating rates in the coupled
atmosphere-plant-soil model (the CAPS model).
In the injtial stage of this study, aerosols and
clouds are prescribed to evaluate the radiative
forcing in the 1D model. Aerosol optical
properties are derived primarily based on the Mie
theory. The issues of acrosol mixing state and
hydroscopic growth on radiative forcing are
addressed as well. In addition, the impacts of
clouds on the observed DTR are evaluated by
means of prescribed clouds at different heights.

The preliminary result shows that low and
middle clouds can significantly decrease daytime
temperature ~ while  increase  nighttime
temperature, resulting in a decrease of DTR.
Aerosols of different compositions and mixing
states may also induce significant temperature
perturbation, In the near future, when our
atmospheric boundary layer model is fully
coupled with a photochemical-acrosol-cloud
model, the complex feedback processes of
aerosol, cloud and climate can be better
addressed.

Keywords: diurnal temperature range, aerosols,
clouds, and radiative transfer

1. INTRODUCTION

Acrosols can perturb the atmospheric
environment and climate through a direct effect
of scattering and absorption of atmospheric
radiation and an indirect effect via interacting
with clouds. Besides the perturbations induced
by the purely scattering aerosol such as sulfate
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aerosols, those induced by strongly absorbing
aerosols e.g. soot particles are also of
considerable interests (Hansen et al., 1997).
Although the importance of radiative effects of
acrosol on climate change has been widely
recognized, relatively little efforts have been
dedicated to the investigation of aerosol impacts
on the evolution of atmospheric boundary layer,
Due to the computational expenses, the aerosol
and cloud processes in models like GCMs tend
to be oversimplified or somewhat unrealistic in
certain aspects. Therefore, in this study we
attempt to develop a one-dimensional (1-D)
model by combining a modified atmosphere-
plant-soil coupling model (MCAPS model,
Chang et al., 1999; Yu, 2000) with a multi-bin
and multi-component aerosol and cloud model
(Chen, 1992). For the evaluation of radiative
effects, we apply the Fu and Liou radiation
module (Fu and Liou, 1992, 1993; Fu et al.,
1997), with consideration of aerosol optical
characteristics based on the Mie theory (Toon
and Ackerman, 1981). In addition, 2 1-D
photochemical model is applied to calculate the
sowrces of precursors for aerosol nucleation
(Trainer et al, 1987). This self-consistent 1-D
composite model is useful in the investigation of
several interesting issues. Our focus is primarily
on the role of aerosols and clouds in the
evolution of atmospheric boundary layer, such as
the observed decrease of diurnal temperature
range (DTR). In the initial stage of this study we
perform a preliminary test by using preseribed
acrosol and cloud properties to emphasize
several important issues regarding to boundary
processes. More realistic aerosol and cloud will
be included shortly.

2. MODEL SETUP

2.1 Injtial and boundary conditions

'The control run is under clear sky conditions
- with the solar orientation given as July 15, 25°N.
Radiative forcing of aerosols as well as cloud
formation are turned off. The vertical wind
profile is fixed, and there exists a large-scale
subsidence of 0.7 cm/s above 2 km. A bare soil
surface (sandy loam, saturated at 0.435) is
applied without any canopy (vegetation
coverage), and the surface albedo is set at 0.2.
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The field capacity and air-dry values are assumed
to be 0.195 and 0.114, respectively. Soil
moisture below surface was held constant and
soil water contents were 0.20 and 0.22 in two
layers.

2.2 Inclusions of aerosols and clouds

The aerosol effect is estimated by assuming a
dry aerosol optical depth (AOD) of 0.5 in the
visible wavelength. The extinction coefficients
and asymmetric factors are set as those for
sulfate aerosols (d’Almeida et al., 1991). Single
scattering albedo (SSA) of the purely scattering
and strongly absorbing aerosols is taken as 1.0
and 0.8, respectively, for the solar flux; SSA of
0.2 is taken for the thermal flux. In addition, the
swelling of aerosol according to ambient
humidity is also considered. The mixing state of
aerosols can be of importance as well for the
evaluation of radiative forcing. Here, we tested
the three types of mixture state for soot and
(NH.),S0, as described in Jacobson (2000): 1)
internal mixing, 2) core with shell, and 3)
external mixing. The optical properties of the
mixing aerosols are calculated using the
algorithm of Toon and Ackerman (1981).

The impacts of clouds on the diumnal
temperature are  evaluated by means of
prescribed clouds at different heights. Three
levels (ie. low, middle, and high) of clouds are
tested with assumed effective radius (r,) and
liquid water content (LWC). For low clouds:
height = 2~2.5 km, r, = 5.89 pm, LWC = 0.22
g/m’; Middle clouds: height = 4~4.5 km, r. = 10
um, LWC = 0.3 g/m® High clouds: height = 6~7
km, 1. = 41.54 um, IWC = 4.7e-3 g/m®. Other
values of r. and LWC are also applied for
sensitivity test on surface radiation budget.

3. RESULT AND DISCUSSION

3.1 Cloud forcing

Figure 1 shows that low and middle clouds
tend to decrease the daytime temperature while
increase the nighitime temperature. The
magnitude of the temperature change caused by
clouds can be more than 3°C. Such significant
asymmetric change of diurnal temperature can be
one of the possible causes associated with the



decrease of DTR observed in most of the stations
over Taiwan,

The high clouds increase the near surface
temperature by about 0.5°C during both daytime
and nighttime, suggesting that the longwave
effect dominates. When we increase the
thickness of high clouds by 2 km, the increase of
nighttime temperature may exceed 1°C while the
daytime temperature increase is still less than
0.5°C (not shown). The effects of middle and
low clouds are much more significant than the
high clouds during nighttime, where up to 2.5
and 3°C warming may be expected. But during
daytime, the cloud forcing becomes a cooling
effect, with a magnitude of about 1°C for middie
clouds and 3°C for low clouds. Apparently, all
three types of clouds have the potential of
reducing DTR. However, actual clouds can be
far more complicated than the assumed ones,
especially when the clouds contain ice particles.
In the near future, our self-consistent modsl
should be able to provide insight into the
complicated feedback mechanisms associated
with the DTR changes.

3.2 Aerosol forcing

The direct radiative effect of acrosol is first
evaluated under clear-sky conditions. We tested
three different optical properties (SSA = 1.0, 0.9,
and 0.8) with prescribed aerosols as described in
Section 2.2. Figure 2 shows the agrosol-induced
changes in the air temperature at 2m above the
surface. Purely scattering aerosol (S8A = 1.0)
tends to induce cooling and decrease daytime air
temperature by about 0.3°C, except for the large
decrease in the early morning.  Strongly
absorbing aerosols (SSA = (.8) appear to warm
up the air by as much as 0.5°C during daytime. 1
is interesting to note that a significant decrease
of air temperature in the early morning can be
found in the three prescribed aerosols. The
stronger the absorbing effects, the larger the
decrease in air temperature is. Although the
reduction in the radiative heat flux is relatively
small in the early morning, the Iargest
temperature decrease occurs during this time
because the atmospheric boundary layer is
shallow and the femperature is sensitive to the
change in the sensibie heat flux. In the early
morning, the soil temperature is sensitive to the

radiative flux because the sensible and latent heat
fluxes are very small and a large fraction of
radiative flux is used to warm the surface skin,
The larger the absorption of aerosols, the smaller
the available radiative flux received, That is the
reason why different SSA gives different results,
A reduction in the sensible heat flux would also
resuit from the stabilization of boundary layer air
due to air heating by the strongly absorbing
aerosols. In addition, a net warming or net
cooling depends not only on the S5A, but also on
aerospl vertical profile, surface properties (e.g.,
surface albedo, Bowen ratio), and meteorological
conditions. In spite of the remaining uncertainty,
it can be deduce that aerosols should have
significant impacts on DTR. Clearly, the direct
radiative effect of aerosols could also be one of
major coniributors to the observed DTR,

The effects of acrosol on surface radiation
budgets are further tested for different cloud
covers. As shown in Figure 3, under the
coverage of low clouds, the acrosol radiative
effects on nighttime temperature are much
smaller than that on daytime temperature by a
factor of 3 to 4. It is interesting to note that the
cooling of daytime temperature by low clouds
with aerosols is smaller (by 2°C) than that
without aerosois. Also, the temperature
difference between purely scattering and strongly
absorbing acrosols is not very significant. This
result implies that the multiple scatiering of
aerosols under cloudy sky can be an important
process and should be carefully considered in
televant calculations.

The radiative effects of aeroscls are more
prominent under high clouds as shown in figure
4, With strongly absorbing aerosols, the
atmosphere tends to heat up more during daytime
and the effect even extends through most of the
night except during the early moming hours, On
the other hand, the purely scattering acrosols
tend to reduce that with aerosols. Due to the
stabilization of the boundary layer by aerosols,
significant cooling in the morning hours can be
found for both absorbing and non-absorbing
aerosols. Evidently, the chemical compositions
are very crucial in the determination of aerosol
forcing. Although the impacts of middle clouds
with aerosols are not shown here, it is logical to
imagine that the patierns of temperature
perturbation - of middle clouds should be
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somewhat between low and high clouds (more
similar with patterns of low clouds).

Based on the above simulations, the radiative
perturbation of aerosols on DTR is evident. The
results shown here are more or less similar to the
findings of Hansen et al., {1995} who concluded
that the observed DTR over continental areas are
more likely caused by a combination of radiative
forcing from tropospheric acrosols and cloud
cover. According to our 1-D simulation, it is
worthy of further emphasizing the role of
absorbing aerosols in the climate change issues.

3.3 Mixing state of aerosols

The mixing state of aerosols appears to be an
influencing factor too as shown in Figure 5. The
size distribution and chemical compositions of
aerosols can be very complicated and variable in
the ambient air, thus, in order to simply the
conditions, only mono-dispersion soot (0.2 um
in radius, 500 em” of number concentration) and
(NH,):,SO, (0.5 pm in radius. 500 cm® of
number concentration) are mixed together to
demonstrate the impacts on temperature.
Although the patterns of temperature variation
are similar for different mixture states, the
magnitude can be rather different. A difference
of up to 1°C in daytime temperature and about
0.5°C in nighttime temperature may be
produced. The highest difference comes from an
external mixture, and the weakest from core with
shell. This result might be associated with the
procedures that are applied to include in the
radiative forcing of aerosols in 1-D model and
the methods that are used to evaluate the
composite refractive index of the mixing
aerosols. Therefore, more realistic ways are
needed to evaluate the optical properties of
acrosols that are size and composition
dependent.

Actually, the vertical profile of aerosols is also
important as revealed by such 1D model
simulation (not shown here). In situ
measurements of aerosol compositions and
optical properties accompanying with lidar
observation of vertical profile can be very
helpful in the verification of the simulations
conducted by this composite 1-D model.

4. CONCLUSIONS

651

" “Particulate

From the sensitivity tests of asrosol and cloud
impacts on the diurnal temperature change, it is
obvious that low and middle clouds can
significantly decrease daytime temperature while
increase nighttime temperature, resulting in a
dectease of DTR. Acrosols of different
compositions and mixing states may also induce
significant temperature perturbation. In the near
future, when our atmospheric boundary layer
model is fully coupled with a photochemical-
acrosol-cloud model, the complex feedback
processes of aerosol, cloud and climate can be
better addressed. Although so far the impacts of
aerosols and clouds on the observed DTR change
over Taiwan and other areas remain unresolved,
we believe that by combining more observations
with detailed simulation with such a 1-D model
can be very helpful toward understanding the
physical and chemical processes that govern the
energy budgei in the atmospheric boundary layer.

5. ACKNOWLEDGEMENT

The authors would like to thank Dr. Hongbin
Yu, who kindly provided us the MCAPS model.
The work is supported in part by the Theme
Research Proposal to Academia Sinica entitled
Matter and its Environmental
Impacts in Taiwan”, and the Research Center for
Environmental Changes, Academia Sinica,
Taiwan, R.O.C.

6. REFERENCES

Chang, S. D., D. Hahn, C.-H. Yang, D. Norquist,
and M. Ek, 1999: Validation study of the
CAPS Model land surface scheme using the
1987 Cabauw/PILPS dataset. J. Appl.
‘Meteorol,, 38, 405-422.

Chen, J.-P., 1992; Numerical simulation of the
redistribution of atmospheric trace chemicals
through cloud processes. Ph.D. dissertation.
Pennsylvania State University.

d’Almeida, G. A., P. Koepke, and E. P. Shettle,
1991:  Atmospheric  aerosols:  global
climatology and radiative characteristics. A.
Deepak Publishing, Hampton, VA, USA.

Fu, Q., and K.-N. Liou, 1992: On the correlated
k-distribution method for radiative transfer in



nonhomogeneous atmosphere. J. Atmos. Sci.,
49, 2139-2156.

Fu, Q., and K.-N. Liou, 1993: Parameterization
of the radiative properties of cirrus clouds. J.
Atmos. Sci., 50, 2008-2025.

Fu, Q., K.-N. Liou, M. C. Cribb, T, P. Charlock,
and A. Grossman, 1997: Multiple scattering
parameterization in thermal infrared radiative
transfer. I, Atmos, Sci., 54, 2799-2812.

Hansen, J, M. Sate, and R. Ruedy, 1997:
Radiative forcing and climate response. J.
Geophys. Res., 102, 6831-6864.

Hansen, 1. M., M. Sato, and R. Ruedy, 1995:
Long-term changes of the diurnal temperature
cycle: implications about mechanisms of
global climate change. Atmospheric Research,
37, 175-209.

Jacobson, M. Z., 2000: A physically-based
freatment of elemental carbon optics:
Implications for global direct forcing of
aerosols, Nature, 27, 217-220.

Toon, O. B. and T. P. Ackerman, 1981:
Algorithms for the calculation of scattering by
stratified spheres. Appl. Opt. 20, 3657-3660,

Trainer, M., E. Y. Hsie, 8. A. Mckeen, R.
Tallamraji, D. D. Parrish, F. C. Fehsenfeld,
and S. C. Liu, 1987: Impact of natural
hydrocarbons on hydroxy! and peroxy radicals
at a remote site. J. Geophys. Res., 92, 11879-
11894,

Yu, Hongbin, 2000: Radiative Effects on the
Environment in China. Ph.D. Dissertation,
226pp. Georgia Institute of Technology.

652



3z a
—— Control
== High cloudy [ &
—-- Middle siouds
------- Lew clouds
5 £
2 -
- B
L N
3 B
[t ———— [5]
g T -
E S -
2 3
= B8
o
-4
Day 3
18 T T T v T T £

30 38 42 48 54 80 86 T2 T8
Slmulation Hours

Figure 1. Impacts of clouds at different heights
on the diumal temperature at 2 m above the
surface.
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Figure 2. Impacts of acrosols on air temperature
at 2 m above the surface.
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Figure 3. Impacts of aerosols with low clouds on
air femperature at 2 m above the surface.
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Figure 4. Same as figure 3 except for high clouds
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Figure 5. Impacts of mixing state of aerosols on
the diurnal temperature at 2 m above the surface.



