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ABSTRACT

The radiative forcings by aerosol and cloud are recognized as the two
important contributors for climate change . However, the effect of the
radiative forcings by aerosol and cloud on climate have not well
understand due to the complexity of the radiative forcings by aerosol and
cloud and the complicated cloud-aerosol mteraction,, as well as the
limited observation and the lack of datas. As one of the main categories
of aerosol, the sand dust has important influences on the regional and
global entironment and climate. It not only reflects the incoming solar
radiation to space, but also can modify cloud properties by changing the
number concentration of cloud droplets, which alters both cloud optical
depth and cloud lifetime. In addition, it can affect the radiative heating
structure of the atmosphere, thereby changing the clouds and atmospheric
circulation. Despite the fact that the Taklamakan and Gobi Deserts are
major sources of dust aerosols ,there have been few studies focusing on
the effect of Asian dust aerosols on cloud,especially ice cloud, properties
and radiative forcing. This thesis investigates the influence of Asia dust
on ice cloud propc:rtifcs and radiative forcing.

In this thesis, the most recent data of Clouds and the Earth's Radiant

Energy System (CERES)Single Scanner Footprint (SSF) Aqua
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Moderate-resolution Imaging Spectroradiometer (MODIS) Edition 1B
data with high spectral and spatial resolution were used in which
broadband shortwave and longwave radiance measurements are matched
to simuitaneous retrievals of cloud properties from the MODIS and a new
angular distributive model is incorporated. Thus, this dataset provides the
most accurate cloud property and radiative parameters than ever before .

To detect cloud modification induced by dust aerosols, two regions
are selected to represent the clouds in different environments. CLD and
COD regions selected are based on 701 surface meteorology station
observations over China and Mongolia. If the surface observation record
shows that there is not any dust storm, wind-blown sand, floating dust,vin
all stations over the region of 30°N-40° and 80°E-110"E, the cloud in such
region 1s defined as CLD region. If the surface observation records dust
storm,,or wind-blown sand,or floating dust, and the satellite detects the
cloud in the same region ,the region is defined as COD region. CLD
(no-dust cloud) represents an area where overcast clouds occurred in a
no-dust atmosphere, while COD(cloud -over-dust) denotes overcast
clouds in dusty conditions.

Firstly, the thesis analyz the influences of dust aerosols on cloud
properties and TOA radiative forcing in the process of the dust storm for
the period of March 26th to 28th, 2004 over the Northwest China by
comparjng the properties and radiative forcing of no-dust and dusty cloud.

-8-
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The properties mentioned in the thesis include cloud ice crystal diameter
(De), optical depth (OPD),effective cloud top temperature (T.) and water
path (W,).The study shows that the mean De drops from 61.3um in the
CLD region to 53.6um in the COD region. This means dust aerosols can
act as cloud condensation nuclei and alter the number concentration of
cloud droplets.__Consequently, the cloud droplet size distribution is
monished. The mean OPD in CLD region is 72.6, which is 50.5 greater
than that of COD region; the mean W, in CLD region is 1372. 1 g/m’, the
mean W, in COD regionis 1005. 3g/m” smaller than the mean Wy in
CLD region, due to reduced humidity and less condensation caused by
mixing of dry dust air masses with humid cloud air masses in lower
atmospheric layers. The instantaneous net radiative forcing at the top of
the atmosphere (TOA) is about —198. 578 W/m” for CLD region and the
instantaneous TOA net radiative forcing for COD region is about
-140. 608W/m". In this dust storm case, the instantaneous TOA net
radiative forcing for COD region is about 30% less than the value of
CLD region. The results show that there are substantial differences in the
estimated magnitudes of the cloud radiative forcing between CLD region
and COD regions. Since the CLD and COD regions are determined from
the similar meteorological conditions, the differences 1n radiative
properties are considered to be dust effects. The dust aerosols alter the

properties of clouds and reduce the TOA net radiative forcing of clouds.

-9.



EMAFRLEF LR L

Thus, the cooling effect of clouds is restrained.

However, the results presented here were taken from only one event
and more dust events need to be examined to develop more robust
statistics. Therefore, in the thesis, the dusty cloud radiative forcing over
the middle latitude regions of East Asia was estimated by using the
2-year (July 2002 — June 2004) data of collocated clouds and the Earth's
radiant energy system (CERES) scanner and moderate resolution imaging
spectroradiometer (MODIS) from Aqua Edition 1B SSF (single scanner
footprint). Total 33 cases are selected during 2-years period. The
instantaneous short-wave (SW) forcing at the top of the atmosphere
(TOA) is about —275.7 W/m? for cloud over dust (COD) region. The
clouds developing in no-dust cloud (CLD) regions yield the most
negative SW forcing (-311.0 W/m®), which is about 12.8% stronger than
those in COD regions. For long-wave(LW ) radiative forcing, the no-dust
cloud (CLD) is around 102.8 W/m’, which is 20% less than the LW
forcing from COD regions. The instantaneous TOA net radiative forcing
for the CLD region is about —208.2 W/m?, which is 42.1% larger than the
values of COD regions. If the diumal cycle of the atmosphere is
considered, the estimated mean net radiative forcing is —=32.7, -9.35W/m*
((SW +2LW forcing)/2) for CLD and COD regions, respectively. Thus,
the results confirm that there are substantial differences in the estimated

magnitudes of the cloud radiative forcing between CLD region and COD

~10-
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regions. The existence of dust aerosols under clouds significantly reduces
the cooling effect of clouds. These reduced cooling effects of dust
acrosols for COD (-9.35+52.7=43.4 W/m?) regions on clouds can be
considered to be actual warming effects of dust aerosols. Since the
long-term averaged frequency of dust storm occurring days observed
from the surface meteorology stations and its standard deviation are
about 2.3% and + 1.5%, respectively, the averaged climate forcing
(warming) of dust storms is about (1 = 0.6)W/m’ (ie, (43.4 x2.3%
+43 4x1.5%) W/m’). If confirmed, the net cloud radiative forcing ((1 =
0.6) W/m’) of dust storms estimated from the current study will be the
strongest acrosol forcing in the studied region during dust storm seasons,
and have profound warming influences on the atmospheric general

circulation and climate.

Finally, the thesis compares the TOA cloud radiative forcing of CLD
with that of COD region as functions of solar zenith angle(SZA),
effective cloud top temperature (T.) and cloud water path (W),
respectively. The SW and net forcing difference between CLD and COD
increases linearly with increasing SZA. For dusty cloud tops with
temperatures in the range of 245 K< 7, < 260 K, the SW forcing is less
than that for no-dust clouds by more than 30%. For the warmer dusty

clouds (7, > 245 K), the net forcing is less than that for no-dust clouds by

more than 50%. For the dusty cloud with 300 g/m*< W,< 700 g/m®, SW

-11-
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forcing is considerably smaller than that of no-dust clouds in COD
regions and the difference increases with increasing W,. However, LW
forcing of dusty cloud forcing is smaller than that of no-dust clouds with

W, < 300 g/m’.

Due to the large spatial extent and temporal variation of desert dust in
the atmosphere, the interactions of desert dust with clouds can have
substantial climatic impacts. Therefore, this study in the thesis 1s
significant. Of course, it represents a first step in better understanding of
the effect of Asian dust on climate. Further research should be undertaken

to develop a more complete understanding of these interactions.

Key words: dust aerosols; MODIS; CERES; cloud properties and

radiative forcing
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Figd.3 Comparison of frequency distribution diagram over the pure cloud
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