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Magnitude and Causes and
Consequences of Decreasing Surface
Solar Radiation in the Last Decades

Beate G. Liepert (845-365 8870;
liepert@ldeo.columbia.edu)

Lamont-Doherty Earth Observatory of Columbia Uni-
versity, P.O. Box 1000, Palisades, NY 10964, United
States
This paper presents an overview of the session’s

topic. A history of published papers on observed re-
ductions of surface solar radiation will be presented and
reviewed. Possible causes will be discussed and put into
perspective. The role of anthropogenic aerosols and
greenhouse gases versus natural changes in cloudiness
and surface albedo is subject of this session and will
be introduced. Climate simulations with general cir-
culation models provide information on consequences
of surface solar flux changes for the hydrological cycle.
These processes and other possible consequences will
be discussed.

A11A-02 0845h INVITED

Global Reduction of Solar Radiation by
Absorbing Aerosols and Its
Implications to Climate and
Hydrological Cycle

V. Ramanathan?! (vram@fiji.ucsd.edu)
E. Chung1 (cchung@fiji.ucsd.edu)

I. Podgorny! (igor@fiji.ucsd.edu)

1Scripps Institution of Oceanography,
CAS/SIO/UCSD, 9500 Gilman Drive, La Jolla, CA
92093-0221
The Indian Ocean Experiment has clearly docu-
mented the large reduction in solar radiation reach-
ing the surface due to absorbing aerosols, particularly
black carbon and dust. The INDOEX data are com-
bined with other field observations to estimate aerosol
induced reduction worldwide. We have integrated the
MODIS aerosols data with available field campaigns
and emission sources to evaluate the globally averaged
reduction is solar radiation. Regionally, the seasonally
averaged reduction reaches values as large as 10 to 30
‘Wm-2. Using coupled ocean-atmosphere model devel-
oped at NCAR, we explore the implications of this re-
duction to the hydrological cycle. The main result is
that the reduction leads to a significant reduction in
land averaged rainfall. In addition the reduction has
implications to frequency of deep convection and sub-
sequent impacts on the aerosol life times and changes
in vertical lapse rates.

A11A-03 0915h

Do satellites detect trends in surface
solar radiation?

Rachel T. Pinker?! (pinker@atmos.umd.edu)
Banglin Zhang! (zhang@atmos.umd.edu)

Istvan Laszlo? (laszlo@atmos.umd.edu)

1Department of Meteorology, University of Maryland,
College Park, MD 20742

2NOAA/NESDIS, World Weather Building, Camp

Springs, MD

Scarcity of environmental observations, both in time
and space, hinder the ability to detect signals of cli-
mate change. The most frequently used parameter to
test climate change hypotheses is shelter temperature,
for which long term records are available. The ma-
jor forcing function that determines the surface tem-
perature is the solar radiation. Global trends in this

parameter are very difficult to establish from ground
observations due to instrument quality, small number
of observing stations, and instrument maintenance and
calibration. Most available estimates of large or global
scale distributions of radiative fluxes come from synthe-
sis of ground observations and from model estimates.
At present, several efforts are underway to use satel-
lite observations of the PATHFINDER type to estimate
radiative fluxes both at the surface and at the top of
the atmosphere. In addition to the methodology used
to infer such fluxes, the accuracy of the derived values
depends on the quality of the satellite data, instrument
calibration, the spatial and temporal resolution of the
satellite observation s that enter the computations, and
the spatial and temporal resolution to which these es-
timates are amalgamated. There is a need for a sys-
tematic evaluation of all of the above issues and their
impact on the large-scale estimates obtained. In this
presentation, an attempt will be made to present large
and global scale statistics of radiative fluxes derived
with an inference scheme developed at the University
of Maryland as driven with about twenty years of satel-
lite observations from the NOAA /NASA Pathfinder IS-
CCP data at 2.5 degree spatial resolution at 3 hourly
time resolution and optimally interpolated, using an
EOF approach. The record will be analyzed for trends
and ability to detect strong climatic signals within the
twenty-year period.

A11A-04 0930h

Changes in the earth’s reflectance over
the past two decades

Enric_Palle! (epb@bbso.njit.edu)
Pilar Montanes-Rodriguez! (pmr@bbso.njit.edu)
Goode R Phillip! (pgoode@bbso.njit.edu)

Steve E Koonin? (koonin@caltech.edu)

1Big Bear Solar Observatory New Jersey Institute
Technology, 40386 North Shore Lane, Big Bear City,
CA 92314, United States

2W.K. Kellogg Radiation Laboratory, California In-
stitute of Technology, 206 Parsons-Gates, Pasadena,
CA 91125, United States

Since 1998, earthshine measurements of the Earth’s
reflectance have been routinely carried out at Big Bear
Solar Observatory. We correlate the overlapping pe-
riod (1999 through mid-2001) of these observations
with satellite observations of global cloud properties
to construct from the latter a proxy measure of the
Earth’s global shortwave reflectance. This proxy shows
a steady decrease in the earth’s reflectance from 1984
to 2000, with a strong drop during the 1990’s. During
2001-2003 only earthshine data are available, and they
indicate a complete reversal of the decline. The radia-
tive forcing implied by either of these decadal changes
in reflectance is climatologically significant. and could
explain the observed variability in surface solar radi-
ation reported in the literature. Understanding how
these changes are apportioned between natural variabil-
ity, direct forcing and feedbacks, is thus fundamental to
confidently assessing and predicting climate change.

A11A-05 0945h INVITED

Evidence for Trends, and Lack Thereof,
in Surface Solar Irradiance as Seen in
Calibration-error-free Records of
Cloud Shortwave Transmission for the
Past Three Decades at Five Globally
Diverse Sites

Ellsworth G. Dutton (303-497-6660;
ellsworth.g.dutton@noaa.gov)

NOAA/CMDL, Code R/CMDL1 325 Broadway, Boul-
der, CO 80305, United States

Prior to the mid 1970’s there did not exist a method
of making observations of solar irradiance to an abso-
lute accuracy better than a few percent. Until the mid
1980s, even that low level of accuracy was only achiev-
able through extraordinary effort because commercial
pyranometers are known to drift in sensitivity by up
to several percent per year under some conditions. To
maintain a stable measurement it is necessary to physi-
cally relate routine field measurements to international
reference standards using transfer standards. Prior to
the early 1980s many of these transfer standards were
of less than desirable stability, especially in some coun-
tries, and while at the same time international reference
standards were just undergoing development. Since the
early 1990’s considerable effort has gone into main-
taining the absolute accuracy of ground-based solar
irradiance observations. A brief review of this docu-
mented history will be presented for background along
with the long-term variability in a number of surface
irradiance records. To further analyze long-term ob-
servational records extending back into the period of
dubious calibration pedigree, rationing or differencing
methods are often utilized where the parameter of in-
terest is the short term change in radiation, often over

diurnal cycles or between periods of clear and cloudy
skies. These short term changes can be expressed in
percent or as the ratio of the irradiance and hence only
the linearity and zero of the irradiance sensor are re-
quired to be known and not sensor’s correspondence to
an absolute irradiance scale. In this manner, condi-
tions that contribute to affecting the amount of solar
irradiance reaching the ground can be monitored over
the long term. Using this general differencing proce-
dure, we have examined the long-term changes in clear
sky and cloudy sky irradiance relative to closely asso-
ciated reference irradiances thereby having a tool to
continuously monitor the solar transmission of clouds
or clear skies over the extended periods. We examine
three decades of typically calibrated pyranometer data
at five globally diverse sites and nearly 45 years of di-
rect solar beam irradiance record at one site using these
techniques and find interesting but small variations in
cloud and clear sky transmittance over this time pe-
riod. The surface records examined are from: Barrow,
Alaska; Boulder, Colorado; Mauna Loa, Hawaii; Amer-
ican Samoa; and the South Pole. Since the early 1990s
considerable effort has been expended by the interna-
tional irradiance measurement community to greatly
increase the routine accuracy of surface solar irradi-
ance observations so that direct analysis of long term
changes in irradiance will be more readily verifiable.
The second portion of this paper summarizes a related
recent paper in JGR/Atmos. by the author.
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Magnitude and Causes of Decreasing
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Australian National University

A12A-01 1030h INVITED

Solar Forcing at the Earth’s Surface :
Extending the Record

Gerald _Stanhilll (972 8 9472874; gerald@agri.gov.il)

Shabtai Cohen? (972 3 9683701; vwshep@agri.gov.il)

Linstitute of Soil, Water and Environmental Sciences,
ARO Volcani Center POB 6, Bet Dagan 50250, Is-
rael

The small number, short duration and uneven spa-
tial distribution of pyranometer measurements im-
pose an important limitation to our understanding of
changes in solar forcing at the Earth’s surface; this con-
tribution explores the methods available to extend the
data base. The first approach discussed is the exploita-
tion of hitherto unused pyranometer records some of
which date from the beginning of the last century. The
second approach uses long term series of widely mea-
sured parameters such as evaporation from open wa-
ter surfaces, diurnal temperature range and visibility
known to be causally and statistically related to global
irradiance. The third approach discussed in some de-
tail concerns the potentials and limitations in the use of
sunshine duration records as a proxy for global and pos-
sibly direct solar irradiance. Preliminary results from
analyses of the 20th century USA and Japanese na-
tional data bases and other, individual long term series
are presented to show a common sensitivity of approx-
imately 1.5 MJ m-2 per sunshine hour. The accuracy
and limitations of estimates of annual changes based on
sunshine duration measurements are discussed.

A12A-02 1045h

Means and Trends of Shortwave
Irradiance at the Surface Estimated
From GEBA and WRDC Data.

Hans Gilgen! (4+41 1 635 52 36;
hans.gilgen@env.ethz.ch)

Andreas Roeschl (441 1 635 52 22;
andreas.roesch@env.ethz.ch)

Martin Wild! (441 1 635 52 36;
martin.wild@env.ethz.ch)

Atsumu Ohmural (+41 1 635 52 36;
atsumu.ohmura@env.ethz.ch)

Anatoly Tsvetkov? (tsvetkov@main.mgo.rssi.ru)

lnstitute for Atmospheric and Climate Science ETH,
Swiss Federal Institute of Technology Winterthur-
erstrasse 190, Zurich 8057, Switzerland

2Main Geophysical Observatory, World Radiation
Data Centre 7 Karbyshev Street, St. Petersburg
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On most continents, shortwave irradiance decreases
on the order of 2% per decade. This result was obtained
from an analysis of the observed time series of short-
wave irradiances stored in the Global Energy Balance
Archive (GEBA). These time series covered the period
from 1950 through to 1990. For the reevaluation of
the irradiance means and trends up to the present the
pyranometer data stored in the GEBA are currently ex-
tended with data from the World Radiation Data Cen-
ter (WRDC). The combination of these databases pro-
vides a comprehensive source of worldwide monthly ir-
radiance values. Preliminary results of the analysis of
the extended dataset will be presented.

A12A-03 1100h INVITED

Pan Evaporation in the Southern
Hemisphere: What is Happening 7

Michael L. Roderick1 (+61 2 61254020;
Michael.Roderick@anu.edu.au)

Graham D. Farquharl (+61 2 61253743;
farquhar@rsbs.anu.edu.au)

1The Australian National University, CRC for Green-
house Accounting Research School of Biological Sci-
ences, Canberra, ACT 0200, Australia

Pan evaporation has decreased throughout the
northern hemisphere. The typical rate of decline is
roughly 2 to 4 mm a-2, i.e., over the last 30 years the
annual pan evaporation rate has decreased by between
60 to 120 mm a-1. However, whether this trend is re-
stricted to the northern hemisphere, or whether it is
a global trend is unknown because there have been no
studies from the southern hemisphere. In this talk, we
report data from Australia showing a decline in the pan
evaporation rate over the last 30 years (- 4 mm a-2) of
more or less the same magnitude as the northern hemi-
sphere trends. These results show that regions of the
southern hemisphere are becoming less arid just like
the northern hemisphere. The most likely reason is the
enhanced greenhouse effect.

A12A-04 1115h

Significant Decline in Solar Radiation
Over China:Causes and Implications

xiangao xia (xxa@mail.iap.ac.cn)

Institute of Atmospheric Physics, Chinese Academy
of Sciences, Dewai, Qijiahuozi, Chaoyang District,
Beijing 100029, China

Of importance in the study of long-term climatic
trends is the fraction of the solar radiation reaching
the earth’s surface. A number of studies show that sig-
nificant reductions have occurred during the past half
century. Principal reasons for the reductions have also
been indicated. The primary purpose of this study is to
present the evidence that significant declines have also
occurred in China. It’s based on the detailed evaluation
of global, diffuse, and direct irradiances at 78 radiative
stations over the period 1958 to 1992 in China. Anal-
ysis reveals a statistically significant decrease in 74%
of the time series of global annual irradiances. The
large decrease exceeding 6% per decade mainly concen-
trated on southeast region and most of the decrease
has occurred since the end of 1970s. The decrease of
global irradiance is principally resulted from signifi-
cant decrease in direct irradiance. It’s demonstrated
by spatial and temporal coherence in trends of global
and direct irradiances. With regard to diffuse irradi-
ance, 60% of time series of diffuse irradiances show de-
creasing trend, but only half are statistically signifi-
cant. Furthermore, diffuse irradiance increases signifi-
cantly at 95% confidence level at 11 stations. Notable
Decrease in total cloud amount over China has been re-
ported by Kaiser (1998, 2001), which is supported by
decreasing rain days in the majority of Chinese mete-
orological stations. The remarkable drop-off in total
cloud amount and rain days begins since about 1980.
The temporal pattern of total cloud amount and rain
days is consistent with that of solar irradiances. There-
fore,it seems that total cloud amount is not the princi-
pal cause for the reduction of solar irradiance in China.
But it should be noted that,in most cases,the rain days
is significantly correlated with global irradiance after
the linear trends of both series are eliminated. The fact
indicates that total cloud amount could play an impor-
tant role in inter-annual variation of solar irradiance.
The above discussion suggests that increase of aerosol
loading might be the alternative to interpret the de-
cline in solar irradiance in China. As a matter of fact,
Luo et al. reported significant increase of aerosol load-
ing, especially anthropogenic aerosols (2001). Anal-
ysis of visibility data in China also shows that total
days with visibility greater than 20 km have decreased
remarkably, also implying increase of aerosol loading.
However,changes in scattering and absorption of solar
irradiance by aerosol, aerosol’s interactions with cloud
physical and radiative properties remain unresolved. In
addition, the implication for climate and agriculture
deserves much attention.

A12A-05 1130h

Trends in Solar Radiation Over South
Africa and Namibia During the
Period 1957-1997.

Helen C. Power! (1-803-777-5867; power@sc.edu)

Deborah M. Mills2 (1-803-734-9110;
mills@dnr.state.sc.us)

1University of South Carolina, Department of Geog-
raphy, Columbia, SC 29208, United States

2Southeast Regional Climate Center, 2221 Devine St,
Columbia, SC 29205, United States

Spatial and temporal variability in global, diffuse,
and horizontal direct irradiance and sunshine duration
has been evaluated at ten stations in South Africa and
two stations in Namibia where the time series range
between 21 and 41 years. Global and direct irradi-
ance and sunshine duration decrease from northwest
to southeast; diffuse irradiance increases toward the
cast. Annually-averaged global irradiance (Gg) in-
creased significantly by 0.46% per decade at Pretoria
and decreased between 1.26% and 1.72% per decade
at Bloemfontein, Cape Town, Durban, and Upington.
Annually-averaged diffuse irradiance (Dg) decreased
5.20% per decade at Grootfontein and increased 2.51%
per decade at Port Elizabeth. Annual direct irradiance
(Bg) decreased 2.10% per decade at Cape Town and
2.83% per decade at Alexander Bay. A simultaneous
decrease in annually-averaged daily sunshine duration
(Sq) may have contributed to the decrease in Bg at
Alexander Bay. Increases in aerosols may have con-
tributed to the observed decrease in G at Cape Town
and Durban, while the decrease in Dg at Grootfontein
may be due to a decrease in aerosols. On average,
variability in Sg explains 53.8%, 30.4%, and 48.8% of
the variance in Gg, Dg, and Bg, respectively. The
radiative response to changes in sunshine duration is
greater for direct irradiance than for global and dif-
fuse. In the two years following the 1963 Mount Agung
eruption in Indonesia, responses in global were small
and inconsistent. At eight stations, diffuse irradiance
increased 22.80% on average and direct irradiance de-
creased 8.93%. After the 1982 El Chichon eruption in
Mexico, global irradiance increased at two stations and
decreased at seven stations. Eight stations witn; ed
an increase in diffuse averaging 7.20% and an average
decrease in direct of 4.96%. Following the 1991 Mount
Pinatubo eruption in the Philippines, diffuse irradiance
increased an average of 19.20% at three stations and di-
rect decreased by 7.57%.

A12A-06 1145h

Exponential Temperature Increase in
Central Europe: Under Decreasing
Solar- but Strongly Increasing
Greenhouse Warming

Rolf Philiponal (r.philipona@pmodwec.ch)

Bruno Duerr! (b.duerr@pmodwrc.ch)

1Physikalisch-Meteorologisches Observatorium Davos,
World Radiation Center, Dorfstrasse 33, Davos Dorf
7260, Switzerland

Annual northern hemispheric surface temperature
increased by 0.5 °C since 1980. In the same time pe-
riod temperature over land in central Europe increased
by 1.6 °C. A detailed analysis of the temperature evo-
lution since 1900, shows an exponential increase in the
5°x5%grid point around the western Alps, with domi-
nant increases during the winter half year up to 1995,
which since shifted to even steeper increases during the
summer half year. Here we show that these large tem-
perature rises, which are accompanied by important
water vapor increases, occur under decreasing short-
wave downward radiation (SDR). Measurements at six
radiation stations in the Alps show decreasing SDR
trends since 1981, which remain negative in the years
after 1995, except if the exceptionally warm summer of
2003 is included. In contrast longwave downward ra-
diation (LDR) measurements, which are performed at
the same stations since 1995, show important increases
of longwave downward radiation (LDR). Cloud amount
variations are observed since 1995 but increases of the
radiative longwave cloud effect account for only about
20% of the large LDR increase. Hence temperature in-
creases are most likely driven by radiative forcings that
are caused by increasing greenhouse gases, predomi-
nantly increasing water vapor in the atmosphere. This
fact is most convincingly demonstrated by the high cor-
relation (0.96 summer and 0.78 winter) between the to-
tal surface absorbed irradiance (shortwave plus long-
wave) and the temperature measured at the surface.
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A13A-01 1330h INVITED

Evidence for Stratospheric Influence on
Tropospheric Climate

Mark P Baldwin (4256449660 x323; mark@nwra.com)

Northwest Research Associates, 14508 NE 20th Street,
Bellevue, WA 980007, United States

Is the stratosphere important for predicting changes
in weather and climate? Although the role of the
stratosphere has not been emphasized until recently,
observations and models both indicate that the strato-
sphere acts to integrate high-frequency forcing from
below, with long-lasting feedback effects on the tro-
posphere. In this overview, I will show observational
and modeling evidence that stratospheric circulation
anomalies affect weather and climate in both hemi-
spheres. The tropospheric response to lower strato-
spheric wind anomalies tends to look like the North-
ern Annular Mode pattern. Long-lasting stratospheric
wind anomalies tend to induce shifts in the NAM in-
dex, leading to the possibility of using stratospheric in-
formation in extended-range weather forecasts. In the
Southern Hemisphere, observations and models sup-
port the hypothesis that stratospheric ozone depletion
has affected Antarctic surface climate during the late
spring and summer. On climate change timescales, it
appears that changes to the stratospheric circulation
should be reflected in surface climate. However, pre-
diction of these surface changes requires prediction of
long-term changes to the stratospheric circulation a
problem that is not yet solved.

URL: http://www.nwra.com/baldwin

A13A-02 1350h INVITED

The Relative Influence of Tropospheric
Versus Stratospheric Climate Changes
on the High Latitude Climate System

David Rind! (212-678-5593; drind@giss.nasa.gov)

Judith Perlwitz? (212-678-5592;
judith@giss.nasa.gov)

1Goddard Institute for Space Studies, 2880 Broadway,
New York, NY 10025, United States

2Goddard Institute for Space Studies at Columbia
University, 2880 Broadway, New York, NY 10025,
United States

We investigate in the GISS GCM the importance of
stratospheric climate changes relative to tropospheric
climate changes on influencing the Arctic Oscillation
(AO) during Northern Hemisphere winter. We use
as forcing for stratospheric changes ozone depletion,
stratospheric water vapor increases, volcanic aerosols,
and solar and CO2 changes with the sea surface tem-
peratures not allowed to respond (hence only a clear
stratospheric radiative response occurs). The same
experiments when SSTs can respond are used to as-
certain the importance of tropospheric forcing, along
with Ice Age and Paleocene paleoclimate experiments.
In this model, tropospheric warming (cooling) exper-
iments generally produce a positive (negative) phase
change for the AO, while stratospheric cooling (warm-
ing) experiments produce a positive (negative) phase
change. The results for all the experiments show that
stratospheric forcing by itself produces a significant
correlation between AO-like phase changes at 100mb
and the surface of similar sign, although the effects on
the time-averaged sea level pressure field for the indi-
vidual experiments are often not significant. When sea
surface temperatures are allowed to respond, the cor-
relation between changes in the lower stratosphere and
at the surface is even stronger, and more of the individ-
ual changes are significant. Strong climate changes in
the troposphere can reverse the sign of the AO response
that the stratospheric forcing was driving. Examples of
this are given, along with a discussion of the paleocli-
mate relationships, and the sensitivity of high latitude
future climate to SSTs at both high and low latitudes.
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