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Proposal Summary

The Earth’s albedo has been measured from space
for a quarter century using carefully calibrated data
from weather satellites (International Satellite Cloud
Climate Project - ISCCP), from the ground for more
than a decade (Project Earthshine) and over more
recent years from satellites like CERES. Changing
cloudiness is the dominant factor in terrestrial re-
flectance variability - a critical climate parameter.
New generation cloud data products, such as the
ISCCP-FD, open the opportunity to fundamentally ad-
vance inter-comparisons among cloud data, so that at
last we can determine the true role of galactic cosmic
rays (GCRSs) in the evolution of cloud cover, and their
effect on the Earth’s reflectance and climate. At the
same time, the inter/comparison of multiple datasets
may solve the inconsistencies among the albedo data,
such as those between ISCCP-FD and CERES mea-
sures of global albedo changes.

We propose to examine and model earthshine data
from our two station robotic network (Big Bear, CA
and Tenerife and Canary Islands) to compare and cal-
ibrate with cloud cover data from satellites to deter-
mine the evolution in cloud cover as a function of al-
titude through an entire solar cycle of GCRs. It is es-
sential to know the relative roles of such changes in
the terrestrial energy balance compared to other natu-
ral and anthropogenic influences.

The Earth’s reflectance is the least well-known of
the fundamental climate parameters. Long-term, pre-
cise cloud/albedo data verified from a multiplicity
of sources are essential in understanding the role of
solar-cycle length variations in GCRs in terrestrial
cloud properties. Our principal scientific objectives in
contributing the team effort to understand the possible
role of GCRs in cloudiness are: 3

1. We propose to continue our decade-long, photo-
metric observations of the earthshine from Big
Bear Solar Observatory (BBSO), which led to
the first modern reporting of the Earth’s albedo
(Goode et al. 2001) in the literature. We fur-
ther have expanded these observations to a two
station robotic global network, which is funded
from non-NASA sources. Photometric earth-
shine data are critical in our efforts to deter-
mine the relationship between a varying terres-
trial albedo and a variable Sun. For this we need

a precise determination of the reflection of the
Earth in all directions, the Bond albedo. From a
single site, we can reliably determine the Bond
albedo for large parts of the Earth as an annual
average. The second robot in the Canary Islands
gives us the ability to cover all regions of the the
Earth, except the poles. For this project, annual
albedo averages from earthshine are/will be ap-
propriate for comparison with the solar cycle de-
pendent GCRs, as well as disentangling the irra-
diance from the net sunlight reaching Earth.

2. We propose to sharpen and exploit the empiri-

cal connection of the earthshine observations to
cloud cover data from the International Satel-
lite Cloud Climatology Project (ISCCP), which
will significantly improve our understanding of
cloudiness, and aid our efforts to determine the
connection between the solar output, GCRs and
the net sunlight reaching us on Earth (solar ir-
radiance plus any indirect solar effects on the
Earth’s reflectance). Parallel to this effort, we
will improve our simulations to include more
sophisticated models of the terrestrial scenes,
while incorporating more cloud parameters, and
their altitude dependence, from ISCCP. The im-
proved models will be valuable accounting for
uneven sampling, as though earthshine observa-
tions were continuous. An ultimate goal is to
learn the origin of the terrestrial signature of the
solar cycle, and the usefulness of the various so-
lar wind parameters, and their indirect effects
like modulated GCRs, as proxies for the net sun-
light reaching Earth.

. We propose to facilitate a determination of the

true role of GCRs in cloudiness, with an in-depth
temporal/geographical comparison of the earth-
shine measurements with several datasets re-
lated to albedo retrieved from satellite platforms,
such as ISCCP-FD, CERES, ERBE, TOMS and
GOME. These comparisons will shed more light
on the true nature of albedo variations, and asso-
ciated cloudiness changes.



A. Results from NASA Support tuto Astrofisica de Canarias). Corroborating observa-
tions of the Earth’s reflectance from several indepen-
A.1 Overview of the Earthshine Project dent approaches have great value here. We propose
) N to use earthshine measurements and improve models
Earth’s global albedo, or reflectance, is a critical Corgt grestrial reflectance to address the LWS/TRT Fo-
ponent of the global climate as this parameter, tQised Science Topic concerning tRebust exam-
gether with the solar constant, determines the amoi{liion of the observations to quantify the rela-
of energy coming to Earth. Probably because of tfigq influence of GCR precipitation on cloud cover
lack of rellable' data, traditionally, the Earth’s albed_@ur results provide an essential complement to satel-
has been considered to be roughly constant, or studigd yerived reflectance, as from CERES (Clouds and
theoretically as a feedback mechanism in responsg-t9n's Radiant Energy System) and ISCCP-FD (the
a change in climate. However, over the past decglgrmational Satellite Cloud Climatology Project re-
several studies have shown large decadal variailyyy released its “FD” product, which estimates the
ity in the Earth_’s reﬂectgnce, which derives IargeI@()p of the atmosphere reflectance). As part of the
from changes in “cloudiness’e(g, cloud amount, -4 mparison, we further propose to sharpen our sim-
cloud thickness and location, etc.). To know the rojgations (with more sophisticated treatments of cloud
of Earth-impacting galactic cosmic rays (GCRS) ifroperties, especially including their altitude depen-
changing the terrestrial albedo, it is absolutely essence, and terrestrial scenes using satellite data) of
tial to have reliable measurements of the evolution @fs earthshine to uniquely determine the Earth’s re-
the reflectance. The flux of GCRs is anti-correlatqgctance, and its variability. We plan to observe
with the solar cycle. More broadlgisentangling the o, an entire solar cycle with our global network

Sun’s output from terrestrial reflectan.ce IS €SSen- ¢ earthshine telescopesThe earthshine, or “ashen
tial to meet the LWS TR&T goal “to deliverthe un- ;g js sunlight reflected from the Earth and retro-

derstanding of how and to what degree variations refiected from the Moon to the nighttime Earth. See
in the solar radiative and particulate output con- e schematic in Figure 1.

tribute to changes in global and regional climate |, “Astrophysics in 2001” by Trimble and As-

over a wide range of time scales” chwanden (2002), they remarked about our earthshine
Variations in the solar irradiance have been prgpservations saying that this “type of lunar-geo-solar

cisely measured for more than a quarter century Cogkservations is one of the rare interdisciplinary exam-

bining observations from various satellites, and it aBtes that naturally fulfills all requirements for NASA

pears that the Sun’s irradiance has climatologically iflu-nding, for originality of astronomical research to di-
significant variations over the solar cycle. So, Wh¥ct penefits for humankind”.

are there terrestrial signatures of the solar cycle in

cIimate_ records? If the recent irradiance \{ariatio%\s.2 The Albedo Problem

are typical, the logical effect to search for is corre-

sponding, or even amplified, solar-driven changesAnlong term global albedo database does not exist
the much less well-studied reflectance of the Eardven though it is essential to learn the role of GCR
which is the “other” component of the net sunlighftux change in the variation of the Earth’s reflectance.
reaching us. And here is where GCRs come infirect measurements of the Earth’s albedo did not
play. Under NASA support, we have been almastart until the 1980’s. Among them are the earth-
continuously observing the earthshine from Big Beahine measurements. Ralkt al (2004a) correlated
since 1998 (with data covering 1994-5, as well) the earthshine data with ISCCP cloud data to con-
determine the Earth’s reflectance and its variationstruct from the latter a proxy record of the Earth’s
We propose here to continue, and have expanded oeftectance. They showed from that proxy for the
more than a decade of earthshine observations frdarth’s albedo decreased by aboi@n? from 1985

Big Bear Solar Observatory (BBSO) to a two-statiadim 2000, while direct earthshine observations from
global network (a second robotic telescope on Tendi999-2003 revealed that the decline had stopped and
ife in the Canaries, which was built and deployeglven reversed to an increasing trend in reflectance.
from separate funding and is operated by the Insfithe ISCCP project however, recently released the FD



product, which contain estimates of the top of the at-
mosphere (TOA) albedo. These data are based on IS-

Grimald CCP cloud properties, plus some modeling estimates
— @‘/ to derive shortwave and longwave fluxes, and they in-
. ‘e\/; Bo=p-a dicate a much more muted long-term variability from
K 1983 to 2000. A more apparent difference of oppos-
aunight AT oo — BBSO ing trends between albedo estimates was found be-
---------------------------- j/ tween the earthshine data and the CERES dataset over
the period 2000-2003 (Wielicki et al, 2005). How-
- O ever, when compared to other direct or indirect albedo
TheMoon asseen from BBSO indicators, a simple answer as to how did the global
/ albedo behaves did not emerge (Padt al, 2005b).
— ; Earth North Pole ‘D In the meantime, data collection has continued, and
e | in the past couple of years, all datasets in the afore-
- - T / mentioned literature have been re-calibrated and/or re-
sl \ {7 meso analyzed, so Pd| Goode and Moni#&s-Rodriguez
Grima]di\\ ’ (2008) made a new comparison, which also bene?fits
e crisum A froma anger_tlme line and found that most_of th(_a dis-
Moon North Pol ~e__ -7 crepancies disappear, but what emerges is quite ger-
mane for the topic at hand.

Figure 1: A not-to-scale cartoon of the Sun-Earth- Global albedo can be determined by measuring the

Moon system viewed from the pole of Earth’s orbit. Ifarthshine’s intensity relative to that of timeoon-
the top panel, the Earth’s topocentric phase ange,Shine (sunlight directly reflected from the Moon to
with respect to BBSO is defined. The plot also shok&'th. I-€.. the bright of the Moon). ~ Continuous
the Moon’s selenographic phase andlewith respect €arthshine observations from Big Bear Solar Obser-
to one of the fiducial points (Grimaldi) used in the o211y (BBSO) in California, have been performed
servations made from BBSO (also indicate@)s the fom November 1998 to October 2005 (7 complete
angle between the sunlight that is incident somewh&(@#"S)- Earthshine data collection stopped for a pe-
on the Earth and reflected, as earthshine, to Grimald Of eight months, from November 2005 to July
6o(= B — a) is the angle between the earthshine thap06, due to the refurbishment of the Big Bear dome

is incident, and reflected from the Moon. The path §" the new solar telescope. When observations were
the earthshine is indicated by the broken lin€g.is "eSumed in mid-2006, two telescopes were used si-

of order1°, or less. In the lower panel, the same gmultaneously, the old manual telescope and a new im-

agram is drawn for a negative lunar phase angle, 4HgVved, robotic telescope, the first of a glo!oal network
extra features like the Moon’s orbit around the Earffi€€ Pag et al, 2005a). The second robotic telescope
are indicated. In both panels the aspect of the MoW@S calibrated under the same dome against the first
as would be seen from BBSO is also indicated infQPot for several months in 2007. A identical dome
box, where the bright crescent is also called “mooaS assembled atop Roque de Muchachos on Tenerife
shine”. The cyan areas of the Earth indicate the g5'd the robotic clone deployed.
proximate longitudinal range that contributes to the When we compared data from the original earth-
earthshine. Note how for positive lunar phases (tghine telescope to the first robotic telescope, we found
panel) the earthshine contribution comes from longhat the new telescope data were superior (an im-
tudes east of BBSO, while for negative phases (lowsitoved design led to cleaner data that is somewhat less
panel) angles it comes from longitudes west of BBS@visy within a night and enabled coverage of a slightly
The collection and analysis of earthshine data are @eader range of lunar phases) to the same night data
tailed in Qiu et al. (2003) and Palkt al. (2003). of the older telescope. The improved precision plus
the temporal length of the data staring motivated us
to implement a more systematic way to select “good



nights”. We did this by plotting the nightly albedos as

a function of lunar phase, and making fits that were
+30 from the fit to the data. Outliers were cast out
and the process repeated until it converged (after about
five iterations). This had the consequence of system-
atically casting out about 10% of the nights, which is
only a few percent more than were cast out in our old,
night-by-night evaluation. The systematic approach is
robust in the sense that it is reasonably insensitive to 3 1.0}

18
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varying how tight we make the fit in iterative process g o.5F E
of casting out relatively poorer nights. Implementing é ook 3
the automated selection process had its most appar- . 5§

ent impact on the earthshine annual anomaly trend in
reducing the size of the large 2003 albedo anomaly
(Pali et al, 2004a), although the result for each year
changed a little. The new annual mean anomalies
are compared in Figure 2 to those published in ear-
lier papers. Over the 1999-2007 period, there is an
increasing reflectance trend from 1999 to 2003, but 0.53
after that year the reflectance does not seem to vary. 3¢ _
In fact, except for 2003, the Earth’s reflectance as o g}
measured by earthshine has not changed since 2001.8 ;
These data also imply a more modest trend than the < _g 5[
old 1999-2003 data analysis suggested &Patl al., i
2004a). Over the common period of 1999-2004, the  —1.0L ‘ ‘ ‘ :
new analysis of the earthshine data indicates an in- 1998 2000 2002 2004 2006 2008
crease of abol® W /n?, which is about half what the Yeor

earlier analysis indicated.

-1.0t . . . . ]
1998 2000 2002 2004 2006 2008
Year

1.0

Figure 2. Top: Inter-annual Earth albedo anomalies
The old earthshine analysis shown in black in ttes measured by earthshine. In black are the albedo
top panel of Figure 2 were found to be in strong coanomalies published in 2004, following Palle et al.
tradiction to TOA albedo anomalies as measured {8004), and in blue are the updated albedo anoma-
the CERES instruments onboard the Terra and Adies after our improved data analysis, which also in-
satellite (Wielicki et al, 2005). These data showeduded more years of data. Bottom: Inter-annual Earth
a decreasing trend &W /n? over a period of just albedo anomalies as measured by CERES. In black
4 years. However, since the publication of the eare the albedo anomalies published in 2005, follow-
lier results, a calibration error in one of the SW filtang Wielicki et al. (2005), and in red are the updated
was identified and the CERES TOA albedo anomalialbedo anomalies after their improved re-calibration
have been re-analyzed using an improved six yeaf-the on-board sensors (Loeb et al., 2007). To eval-
long climatology (Takmeng Wong, private commudate the recalibration effects, a linear fit is applied to
nication). As a result, the improved TOA CERE®oth datasets within each panel using only the data
dataset do not show any trend in reflectance over theer the common period of 2000-2004. For both,
2000-2006 period. See the lower panel of Figure 2.Earthshine and CERES, the linear fit to the full dataset

up to 2006 would not differ much.
Of course, the reduced disagreement between earth-

shine and CERES is good news, but a new ISCCP
product, ISCCP-FD, sheds additional light on our un-
derstanding of albedo evolution. To illustrate, we
show the albedo estimates at the top of the atmo-

3



sphere (TOA) from the ISCCP FD dataséZhang et
al, 2004). These data have recently been extended
and cover the period from July 1983 to December
2006. In the following discussion, we make use of
these improved datasets shown in Figure 2, together 2.0f
with TOA albedo estimates from ISCCP FD data (the 1.5 f
longest available albedo dataset) to compare results—. i
from the different observing methodologies. (??? g i
SAME PARTS OF THE EARTH COVERED???) 3 0S¢
The inter-annual changes in the Earths albedo from=< 0.0}
the three datasets is plotted in Figure 3. The top panel g
in the Figures shows the 25-year period from 1983 to
2097, for which ISCCP FD data are available. Earth- 1985 1990 1995 2000 2005
shine data are also plotted showing a strong agree- Year
ment with ISCCP FD estimates. In the lower panel,
the temporal scale is truncated to the more recent pe-

1.0f

~0.5
-1.0t

riod 1999-2007, for which earthshine and CERES ob- 1.0 I ]
servations (starting March 2000) are available. Here 05 - ]
the agreement between datasets is closer between thgg [ ]
earthshine and CERES data than with FD. It is appar- 0.0 - ]
entthat the agreement between CERES and earthshiné‘; T ]
data show a dramatic improvement after both datasets< i ]
. . o -0.5r 7]
have been re-calibrated, and essentially agree within i ]
the error bars for 2000-2006. Now, over the common  _4 5} , , , ,
period of data 2000-2007, both datasets show no over- 1998 2000 2002 2004 2006 2008
all significant changes in Earth’s reflectance. While Year

the de-seasonalized CERES data has a small year to

year variability (Figure 3), the earthshine data seqﬂéqure 3. Top panel: Annual mean Earth albedo

to_ presen_t overly large inter annu'al anoma!les, alqn omalies, as derived from ISCCP FD data, over the
with relatively large error bars being associated with_ . . .

o . period 1984-2006 are plotted in black (the big bump
the yearly means. This is mostly due to sampling is-

. in the early 1990’s is a result of the Mt. Pinatubo
sues, as earthshine measurements were taken from a.. .

. : eruption). Also plotted in blue are the annual mean
single s_tatloq. However the accuracy of the earthsmé!ﬁomalies measured by earthshine (note that annual
data W”.I be |m_pr0\_/ed by the o_Ieponment of S€CON R eans are only plotted for the years with complete
earthshine station in the Canaries (Balt al, 2005a). data coverage). Bottom panel: Annual mean albedo

”” Seems clteatr) f;om F'?ﬁre 3 ttrr]]athFhere 'S an OVelnomalies, as derived from ISCCP FD (black), earth-
all agreements between the earthshine measuremgﬂﬁe observations (blue) and CERES data (red). For

?nd tgggsD TOA ::;Ibegos_, thlgfggeglgsztgotéresgdgvme earthshine data, annual means are calculated from
rom onwards. buring an ’ vember to October to take advantage of the full

indicate an increase in albedo that is not seen eithgr. - o (see main text). For the CERES data, desea-

libration in the ISCCP d hat deviati . , it is worth noting that the
term callbration in t © . gta, so that .eVIat_I%%atter of the CERES points in the lower panel of Fig-
at the end of the time string might be a callbratlonre 2 is comparable to the error bars of the ISCPP FD

bias. Interestlngly,. over the two-year penod' 199 Ind earthshine points in the lower panel of this figure.
2000, both earthshine and FD data show an increase

in reflectance, with very consistent magnitudes. The

Ihttp://isccp.giss.nasa.gov



agreements between the two datasets suggests that the
change is real, but there were no CERES data to con-
firm the measurements. The rise in reflectance is cli-
matologically significant, since the increased albedo
seems to persist for several years.

Both the agreements and disagreements motivate
continuing all measurements of albedo. Before

68 [ 7

Total CA (%)

66 [ 7

CERES, ISCCP-FD and earthshine indicate a clima- eal ]
tologically significant rise in terrestrial reflectance. ‘ ‘ ‘ ‘ f
However, during the time of CERES all three show a 1985 1990 1995 2000 2005
basically flat albedo until ISCCP-FD shows a second Year
growth spurt. Thus, each set of measurements taken 60
in isolation would lead one to different conclusions Cesp R Bem TR
about what the albedo, and hence the clouds are do- £ 50
ing. ®

40
A.3 Clouds and Earth’s Albedo 198589 199094 199599 2000-04

Palle et al. (2006) used recently released ISCCP

global cloud data covering 2001-2005 clarify the evo- . _

lution of the albedo. These data show that the clofiure 4: Upper Panel: Globally-averaged monthly
amount CA) increased by 2-3% from 2000-2004. cynean total cloud amount from the ISCCP data. The

riously, the ISCCRCA shows a solar cycle-like siny-overall decrease in cloud amount from 1985 to 2000

soidal behavior (although it doesn't seem to correldfe@P0ut 4-5% with a recovery of about 2-3% from
with any standard solar activity index, but it bears fuf000 t0 2004. Lower Panel: Globally-averaged 5-year

ther study) over the last twenty years (see the uppafan low (blue) and mid+high (red) cloud amounts.

panel in Figure 4), with a decline in all cloud tyloeghe difference in percent between low and mid+high

from the late 1980’s through the late 1990’s; the tgloud amounts is also given on top of each of the four

tal then begins increasing in about 2000. Howevér',year intervals. Note the near doubling of this dif-

low clouds continued to decrease post-2000, whiffeénce over the 2000-2004 period with respect to the
mid and high clouds increased. In the lower pan@f€VIOUsS means.

of Figure 4 (from Pak et al. 2006), the globally

averagedCA was divided into low p > 680mb) and

mid combined with high |t < 680mb) cloud types tive forcing is about-13 W/n? (Ramanathan et al.,
and averaged in five-year bins. The difference ¥989), but various cloud types contribute differently:
CA between mid plus high lying clouds and low lyeptically thick low-lying clouds have a strong cooling
ing clouds remains around 7-8% from 1985 to 1998ffect, while high thin cirrus clouds warm. Thus, it
but almost doubles (13%) over the most recent figeems that under the right circumstances either an in-
year bin (see lower panel of Figure 4). Under curretitease or decrease in albedo can lead to higher temper-
NASA/LWS support, Paél et al. (2006) pointed outatures. This explanation might present the most con-
that this shift toward high cloud types decreases thistent picture for all of the datasets, but it remains a
negative cloud forcing. In this way, the turn of the cemaystery as to why the distribution of clouds changed.
tury increase in albedo, consistent with the increaseHuarther, it gives caution to inferring changes in net ra-
cloud amount, is not necessarily inconsistent with thétive forcing from shortwave data alone (e.g., the
observed global temperatures. After all, clouds hagkbal dimming and subsequent global brightening
two opposing effects on the Earth’s radiation budeen in ground-based data). This motivates adding
get: they reflect shortwave radiation (a negative forclouds as a function of altitude into the scene models
ing that cools the planet), and they trap infrared/heaé have been using, rather than only including total
radiation (a positive forcing). The net cloud radiazloud amount to connect clouds to albedo.

5



Finally, beyond our simple models, accounting forGlobally integrated measurements of the Earth’s vis-
such variations in global climate models is essential to ible spectral albedos, P. Moriiées-Rodguez, E.
understanding and predicting climate change, includ- Palle, P.R. Goode, J. Hickey, S.E. KoonipJ,

ing the role of GCRs.. 629, 1175-1182, 2005.
Possible satellite perspective effects on the reported
A.4 Publications Under NASA/LWS Sup- correlations between solar activity and clouds,

E. Pale, Geophysical Research Letter82,
L03802, 2005.

Our principal papers supported by NASA/LWS overchanges in the Earth's reflectance over the past
the last three years, up to Summer 2008, are listed be- tyo decades, E. P&l P.R. Goode, P. Morftas-
low. As well, already in 2006-8, members of the group Rodiiguez and S.E. KoonitScience304, 1299-
have given invited reviews at the AGU and COSPAR 1301, 2004.

General Assemblies. The earthshine project: Update on photometric
and spectroscopic measurements, E.é&RPaR.

Earthshine and inter-annual trends in earth’s re- Montaiés-Rodiguez, P.R. Goode, J. Qiu, V.

port

flectance 1999-2004, E. Pall P. Mont&és- Yurchyshyn, J. Hickey, M-C Chu, E. Kolbe, C.T.
Rodiiguez, P.R. Goodelournal of Geophysical Brown, S.E. Koonin,Advances in Space Re-
Research2007, submitted. search 34 (2), pp. 288-292, 2004.

Measurements of the surface brightness of the earthe Earthshine Spectrum, P. Mohés-Rodiguez,
shine with applications to calibrate lunar flashes, E. Pale, P.R. Goode, J. Hickey, J. Qiu, V.
E. Palg, P. Mont@és-Rodiguez, P.R. Goode,  Yurchyshyn, M-C Chu, E. Kolbe, C.T. Brown,
Astron.] 2007, 134, 1145, 2007. S.E. Koonin,Advances in Space Resear@¥

Shortwave forcing of the Earth’s climate: modern (2), pp. 293-296, 2004.
and historical variations in the Sun’s irradiancelnter-annual trends in earth’s reflectance 1997-2007,
and the Earth’s reflectance, P.R. Goode, E.&all  E. Pale, P.R. Goode, P. Moriiés-Rodiguez,
P. Montdiés-Rodrguez,J. Atm. and Sol.-Terr. JGR 2008, submitted.
Phys., 69,1556, 2007 Palle et al. 2007, reference
Vegetation signature in the observed globally-
integrated spectr.um qf Earth: Modeling the reg. Proposed Research
edge strength using simultaneous cloud data and
applications for extrasolar planets, P. Mdiia- The Earth's reflectance is the least well-known of the
Rodiguez, E. Pad, P.R. GoodeApJ 651, fyndamental climate parameters. Saying this is equiv-
544,2006. alent to saying clouds are the least well-understood
Can the Earth's albedo and surface temperatufgSyamental climate parameter. Further, how changes
increase together?, E. Rall PR. Goode, P.j, reflectance/clouds may be driven by a variable Sun
Montahes-Rodiguez, S.E. KooninEOS Vol.  emains a mystery. Long-term, precise cloud/albedo
87, No. 4, 24 January, 2006. _ data verified from a multiplicity of sources are es-
Sources of oscillation frequency increase with riggpia| in understanding the role of solar-cycle length
ing solar activity, W.A. Dziembowski and P.Ry 4 iations in GCRs in terrestrial cloud properties. Our
GOPde' 2005Apl_625, 548. _ principal scientific objectives in contributing the team
A multi-data comparison of shortwave climate forCe'f'fort to understand the possible role of GCRs in
ing changes, E. P& P. Montéiés-Rodiguez, .5, diness are:
P.R. Goode, S.E. Koonin, M. Wild, S. Casadio,
Geophysical Research Letteidl. 32, No. 21, 1. We propose to continue our decade-long, photo-
L21702, 2005. metric observations of the earthshine from Big
Toward a global earthshine network: first results Bear Solar Observatory (BBSO), which led to
from two stations, E. P&l P.R. Goode, P. the first modern reporting of the Earth’s albedo
Montaiés-Rodiguez, S.E. KooninGeophysical (Goode et al. 2001) in the literature. We fur-
Research Letters82, L11803, 2005. ther have expanded these observations to a two



station robotic global network, which is funde®.1 The Earth’s Reflectance and Anomalies
from non-NASA sources. Photometric earth- in Cloudiness

shine data are critical in our efforts to deter- _ ,
mine the relationship between a varying terreldeally, to determine the Earth’s reflectance, it would

trial albedo and a variable Sun. For this we ned§ Necessary to observe reflected radiances from the

a precise determination of the reflection of tHearth, from all points on the Earth and at all angles.
Earth in all directions, the Bond albedo. From Therefore, all measurements from which albedo can
single site, we can reliably determine the Borg inferred require assumptions and/or modeling to
albedo for large parts of the Earth as an annigrive a good measurement. The availability of dif-
average. The second robot in the Canary Islariggent glbedo databases and their inter-comparisons is
gives us the ability to cover all regions of the thg_ssentlgl to constrain the assumptions necessary to de-
Earth, except the poles. For this project, annu&fe estimates. To determine the Bond albedo from
albedo averages from earthshine are/will be arthshine, one must integrate phase angles of the the
propriate for comparison with the solar cycle dé=arth (or Moon depending on one’s perspective). A
pendent GCRs, as well as disentangling the irr@_ctorlal representation of the integrand (using Equa-

diance from the net sunlight reaching Earth. tion 1) for the Bond albedo is given in Figure 5 to
illustrate the sensitivity of various instruments. In

. We propose to sharpen and exploit the empigarthshine measurements, one obtains large-scale val-
cal connection of the earthshine observations ues of the reflectance covering the dominant phase an-
cloud cover data from the International Satef{es over a month, but having less temporal coverage
lite Cloud Climatology Project (ISCCP), whictthan a satellite in LEO, like CERES. ALEO satellite is
will significantly improve our understanding odownward looking and, as such, is ideal for detecting
cloudiness, and aid our efforts to determine ttsgnall-scales, but insensitive to large-angle scattering,
connection between the solar output, GCRs awthich must be modeled with their “bi-directional” re-
the net sunlight reaching us on Earth (solar iflectances. Modeling of bi-directional radiative trans-
radiance plus any indirect solar effects on tHer through the atmosphere, as well as the various ter-
Earth's reflectance). Parallel to this effort, weestrial scenes on Earth, have their own difficulties
will improve our simulations to include more(see Rasche et al 2006 and references therein), which
sophisticated models of the terrestrial scenéBgake the interpretation of the data more complicated,
while incorporating more cloud parameters, adit very useful. A long-term data series of the Earth’s
their altitude dependence, from ISCCP. The imdbedo from satellites is also difficult to obtain due to
proved models will be valuable accounting fdihe complicated inter-calibration of the different satel-
uneven sampling, as though earthshine obserlite data and the long gaps in the series. Thus, the now
tions were continuous. An ultimate goal is tenature, two-station ground-based earthshine observa-
learn the origin of the terrestrial signature of théons are an excellent complement to LEO satellite de-
solar cycle, and the usefulness of the various germinations of the reflectance, bearing in mind the
lar wind parameters, and their indirect effecigecessity of collecting and comparing as many truly
like modulated GCRs, as proxies for the net sugliverse measures of reflectance as possible. The value
light reaching Earth. of the earthshine is further enhanced by the ISCCP-
FD product, which combines data and models to pro-
. We propose to facilitate a determination of théuce a an albedo that is directly comparable to the
true role of GCRs in cloudiness, with an in-deptBarthshine.
temporal/geographical comparison of the earth-we note that a GEO satellite could cover all phase
shine measurements with several datasets #fgles, as could an observatory on the Moon. It
lated to albedo retrieved from satellite platformgs often naively thought that one can determine the
such as ISCCP-FD, CERES, ERBE, TOMS aBbnd albedo from a satellite at L1, like TRIANA
GOME. These comparisons will shed more lighiSCVR) would have done. However, Figure 5 and
on the true nature of albedo variations, and as$®juation 1 make it clear that such a satellite would
ciated cloudiness changes. only see nearly retro-reflected sunlight, which turns
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Figure 5: Albedo kernel f( (8)sin8) of Equation

1 vs. lunar phase. Satellites in geo-synchronool..
(GEO) and low-Earth orbits (LEO) sample vastly dif-
ferent parts of the contributors to Earth’s Bond drigure 6: A plot of the total earthshine contributing
global albedo. A satellite orbiting around L1 wouldearth regions for the observed nights in June1999 for
detect primarily back scattering, and would fill th8lustration (with the large reddish regions contribut-
essential part of the albedo missed by earthshine.ing to the earthshine). The color scale represents the

lunar-based terrestrial observatory (LTO) would covBtéan cloud amount at each point of the Earth. The
all phase angles, much as a satellite in GEO. numbers over-plotted on the maps indicate the num-

ber of hours of observations for the night. Right: The

six nights correspond to the observing round of the 5-

out to make a relatively small contribution to the Bonglojune (positive lunar phases or waning Moon), from
albedo, and modeling of the bi-directional radianc@sttom to top respectively. The area covered in the

becomes a problem of even greater significance. Atlantic region. Left: The six nights correspond to

On any one night of earthshine observations, we die observing round of the 17-22June (negative lunar
termine the reflectance of most of the sunlit Earth fphases, or waxing Moon). As the Moon waxes, the
a particular phase of the Moon (the apparent albe@arth as seen from the Moon becomes an ever thinner
p*). However, we need to integrate over all phases@escent, but this is compensated by the Moon stay-

the Moon to determine a global or Bond albedo for theg observable for a longer time period in the night
Earth, sky. The combined effect is that the area of the Earth

2 X . contributing to the earthshine on any night is roughly

A= 3 /ﬂd@p (6)fL(6)sinG, @) constant. The night of 14June (4th panel from the top

. ._of the left column) is the exception, due to local bad
wherep* is the measured apparent albedo assoma?e& ) ption,

with a particular night,f_ (0) is the Moon’s Lam- weather in Big Bear.

bert phase function (normalized scattering function

for a fully diffuse reflector) and\ is the Bond albedo. of this proposal.

The value of p is measured many hundreds of times The method of error analysis in earthshine was de-
throughout each observing night. We note that inteeloped and described in detail in two lengthy GRL
grating over a lunation would give the monthly ayapers (Qiu et al., 2003 and Rakt al., 2003). Here
eraged Bond albedo. With the goal of averaginge sketch some essential points. A fair criticism is
many nights to obtain a mean Bond albedo and stuitiyat we don’t precisely know the lunar backscattering.
longer term changes in it, one needn’t worry about Bihis information we get from lunar eclipses, which
directional reflectances. To obtain a Bond albedo foeaables us to dopost factasharpening of our knowl-
single night from earthshine, one needs to incorpora&gge of the lunar phase function at small phase an-
such modelling, as discussed in Sections B.3 and Blés, and consequently the Bond albedo, as we acquire
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almost precisely the same area of the Earth is cov-

ered for each night for a waxing (waning) Moon. This

Figure 7: The Moon showing the bright side and the true night-after-night, month-after-month and even

earthshine. The Grimaldi side is in the moonshigear-after-year (Palet al., 2006), and illustrated for

(brightside) and the Crisium side is in the earthshinsne month of observations in Figure 6. We have used

Our ten highlands fiducial patches used in the obsgfedels to show that longer term wanderings of lunar

vations made from BBSO are indicated. The crossgit are not significant, Palet al. (2007). The mod-

give the approximate positions of Danjon’s fiducials are described in Section B.3.

patches. Goode et al. (2001) used one fiducial patciThe apparent albedo value for an individual night is

on each side, and on the Crisium side it is the one clegdculated from the earthshine measurements for that

est to the white cross, while on the Grimaldi side, it h’ight using

the one immediately above the black cross. In the im-

age, the lunar phase is 1’18, near a declining quar- p*(B) = iM@%f‘%’ (2)

ter Moon. Unlike the moonshine, the earthshine is flat 2fL Pafa(fo) Io/To Re Rins

across the disk. The flatness is due to the uniformheref is the Earth’s phase angle (the angle between

incoherent back-scattering (non-Lambertian), in cotite sunlight that is incident somewhere on the Earth

trast to the forward scattering of sunlight occurring iand reflected to the Mool is simply related td as

the sunlit lunar crescent surface. shown in Figure 1):2%‘ is the ratio of the earthshine
intensity to the moonshine intensity in two opposing
fiducial patches, after each is corrected for airmass,

more eclipse data with the latest total eclipse obseryggy b is the ratio between the geometrical reflectiv-

tions from Big Bear being 28August2007. Thus, oy, ofthe two opposing fiducial patches, which were
Bond albedo could have a systematic error that woylhasured along with the lunar phases function over
cause an offset, which is our largest source of Uncgfa first several years of earthshine observations (Qiu
tainty. However, most of our quoted results are fgg al., 2003).Rem Res, Rms andRs refer to the Earth-
albedo anomalies for which such a systematic eriggon distance, the Earth-Sun distance, the Moon-
would be exactly cancelled out, as discussed in dei@j| gistance and the Earth's radius respectively. The
later in this section. earthshine-moonshine ratio is an essential advantage
One incorrect criticism levelled against the eartlover Earth-looking satellites in calibration in which

shine data is that the geographic sampling varies eaelieral uncertain quantities are precisely cancelled,
night. To illustrate, as the Moon rises to full, each oltike the solar irradiance. This latter advantage enables
serving night is longer; however, less of the Earth &clean comparison of irradiance and earthshine vari-
covered at each moment. But at the end of the nightions. The lunar phase function for the bright side,
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fo(0), is used in the formula to account for the gedeoronagraph”, which here means that the measure-
metrical dependence of the reflectivity of the Mooments is insensitive to any light that is not precisely

while f4(8p) accounts for the fact that the earthshiria the path from the Moon to the telescope aperture
is not exactly retroflected from the MooBo(1°). (see Section B.2). Further, the aforementioned papers

The lunar phase function is defined as the norm&resent several years of measurements of the lunar
ized change in the moonshine intensity as a functiBRase function, which is most sensitive backscatter at
of lunar phase, which represents the geometric fénall phase angles. This offset in the phase function
flectance of the Moon. It is measured from the read|g0 precisely cancels out in the albedo anomalies that
intensity of each of the fixed fiducial patches (see Figte discussed in this proposal. Finally, earthshine ob-
ure 7), all in the lunar highlands (five on the Crisiurfervations from a single site is insensitive to the po-
side and five on the opposing Grimaldi side), usédy regions, and so in insensitive to seasonal changes.
throughout the observations, after carrying out the $#onetheless, it is sensitive to the long-term trends in
ries of straightforward corrections to the raw data apedo as illustrated in Figures 2 and 3.
described in detail in Qiu et al. (2003). The correc- Our earthshine observations are further motivated
tions basically account for the lunar declination, IRy recent results frorn situ measurements of ocean
bration and night-to-night changes in the attenuatié#mperatures (0-750 m depth), which imply that cli-

of the local atmosphere (using the brightside of tfeate change science still has some essential surprises
Moon as a guidestar). for us. The added energy of global warming is ex-

Each night, by observing ten fiducial patches fi\ngcted to be stored in the vast heat reservoir that is
on the Crisium side, and five on the Grimaldi side (sgéfe oceans (Hansen et al., 2005). And for a glecade
Figure 7), we obtain, in principle, twenty-five valuelllis was the case. But there has been a fIattemr_lg over
of p* from the twenty-five combinations of the fiv he last three years, Lyman et al. (2006) and Willis et

pairs of fiducial patches. This gives us a way to evalﬁl-' (2007). By eliminating the annual averaging and

ate the reliability of our measurement pf, see Pa# differentiating these data (Willis 2006, private com-

et al. (2003) for details. The same pattern of variatic?ﬂumc_atk'onr)] and' convert(ljng to a global _a;]/erhage heﬁt
appears in all datasets, and we take an average of lﬁ)é sin I1 there is a g|9° ag;ggment with the earth-
25 measurements @f for each night, where each ofhine albedo anomalies. (???NEED TO UPDATE

the 25 is a mean of several hundred measurementgms’???) The physical reasons behind this cessation
that pair of oceanic warming remain unexplained, while the ap-

Th thshi ts for the first si arent agreement between the derivative of the heat
eear_ shine measure_meng Orthe irst SIX yeQishtent and the earthshine motivate further measure-
of the project are shown in Figure 8. The albe

) : _ , ents of the latter, and their expansion to a global net-
anomalies for that period are defined with respect\x%rk

the mean (the yellow curve). If future measurements

of lunar backscattering were to reveal that the effect _ _
is larger than we now believe, then every point on tlﬁez Robotic Global Earthshine Network

curve would be accordingly smaller, but the anomgyhen we observe the earthshine from BBSO, night-
lies would be unchanged. Thus, dealing in anomaligger-night we see the same two distinct large regions
eliminates the greatest uncertainty in the albedo @g-the Earth, as shown in the top panel of Figure 9
termination from earthshine, see Qiu et al. (2003}Iso see Figure 6). We see the same large region to
We remark that there is no apparent difference hfie west of BBSO night-after-night when the Moon
tween the evening (waxing Moon) and morning (wafs waxing, and a comparably sized large region to
ing Moon) observations (see Section B.2. for motge east night-after-night when the Moon is waning.
details). When the albedo anomalies for these two large re-
Although the methodology of earthshine observgions of the Earth are calculated, we find that they
tions and analysis, including uncertainties, were d&how the same trends, so that data covering the two re-
veloped in detail in two lengthy JGR papers (Qiu gions can be usefully combined to yield a quasi-global
al. 2003 and P&l et al. 2003), a few points meritreflection anomaly.
discussion. First the telescope was designed like ao obtain true global coverage of the earthshine, so
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A) Big Bear (and put into storage) to make way for the new, 1.6 m
clear aperture, off-axis solar telescope that is about to

1« havefirstlightin BBSO. Next, we will begin construc-

= tion and calibration of a third robotic earthshine tele-

scope for deployment to Australia, although that will

probably come only late in the work proposed here.

i Building the first robotic telescope required some
=  care because it needs to translate/rotate in and out a
" blocking filter that blocks the bright side at the first
focus during exposures on the earthshine side of the
Moon. The second focus is at the camera. In between,
the telescope has a Lyot stop at the pupil image to
block the stray light. The telescope needs this corona-
graphic structure to reduce stray light because it has to
take very short exposures-£0 ms of the brightside)
»and very long exposures-(L min of the earthshine).
The source of the stray light is the bright side of the
moon when observing earthshine. The telescope was
designed and built with straylight contamination in
mind. In fact, we test bright lights inside the dome
and they only had a measurable effect if they were di-
rected straight into the telescope along the path of the
_ _ moonlight. Coupled with Eqg. (2), which contains the
Figure 9: Upper: The parts of the Earth (in Mercaayig of the earthshine to moonshine, it appears that
tor projection) detected in the earthshine signal frofe effects of transmission and absorption through the
BBSO, including geometrical factors appropriate f@grestrial atmosphere to the telescope are exactly can-
the Earth-Moon-Sun system. Red means full covelsiied out, but there is slight difference because earth-
age and blue means no coverage. For instance, BBfe s slightly bluer (reflection effect). This differ-
does not see much of the earthshine from North Am@gsee s straightforwardly and precisely fitted out (see
ica (brightest red lobe covers South America and tb?gure 7 in Qiu et al., 2003). The dome, telescope and
Atlantic). Lower: The parts of the Earth detected igyronagraph-like features are all under the control of
the earthshine signal from BBSO and the Canarigs.emote computer. One can remotely open the dome,
Two stations cover the Earth. take flat fields, and then point the telescope, and the
observations go on their own, but can be closed down

from afar if conditions call for it, and if there is suf-
that we have redundant coverage of the whole Earfth .
icient bandwidth over the computer network. Gener-

we need a network with stations at the best sites Caarlﬁ', the robots are controlled within the local network

fully spaced around the world, and this is only feasi- . . o
ble with robotic telescopes at the best observing sitmsWhICh the bandwidth is limitless for our purposes

With this in mind, we have designed, built, tested an(?re' Purchase of much (.)f the harQware for thls_tele-
cope was funded by a private, family foundation; the

observed for more than two years with a robotic earﬂgq-. . ) .
shine telescope that resides under its own dome on%‘t\a’ate funding will only support hardware and its de-

. loyment.
causeway at BBSO. We also built a second roboﬁc y
telescope and calibrated it, side-by-side for severalWith a station in the Canaries, we will have global
months, against the first robotic earthshine telescop@verage that is not quite uniform - see the middle
The second robot has been deployed to the Canarédel of Figure 9. Nonetheless, we will be able to
and has begun observations. We also calibrated §80ine earthshine data with our models to do gap-
original earthshine telescope against the first rob8{ing in the data (see Section B.4).

The original earthshine telescope has been remove&moothing to obtain global values for the albedo

B
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from earthshine requires knowing precisely what re+al revolution. The ISCCP D2 products include a dis-
gion of the Earth we are covering. Determining covinction between high-, mid- and low-level cloudiness.
erage is just one part of what we do with our modéle propose to include this distinction in our model
ing efforts. In fact, Figure 9 was constructed from ograrametrization. At present, we use only total cloud
models, and such maps are available for each nightofer in our simulations. We further propose to intro-

observations. duce more sophisticated scene models that have been
developed, like those for CERES, in the fifteen years
B.3 The Models since ERBE. This will give us a way to directly test

their model bi-directional reflectances against earth-
In modeling the reflectance properties of the Eartfpine results. We also propose to use more cellular
we have used scene models developed for the EREEsmajl-scale maps of the scenes that are now avail-
observations (Suttles et al., 1988). The model rgnje. Our models will be more realistic with these im-
flectances are defined as a mean over the broad S'"E’&SVements; the trends in the simulated Bond albedo
wave interval from 200 to 400@m while our ob- yariapility will almost certainly change. Note that the
servations cover the spectral range from 400 to 788thshine observations circumvent all of these prob-
nm The reflectance variables are tabulated for twelygyg by directly measuring the Earth’s albedo without
model scenes, varying from “desert” (areas for whi¢Re need for parameterizing cloud quantities, scenes
the annual precipitation is less than 26 cm) to “mixeghq reflectances. Thus, the improved modeling is an

land-ocean” areas, which are cells bordered by tyfa| way to connect with distinct measures of cloudi-
land and two ocean cells. The simulations of thfss.

Earth’s albedo were performed using the ISCCP cloud

data, and snow and ice data from the Canadian Cemel?artlcular_ly important for our_ proposed goals is
for Climate Change and Analysis. the comparison of our earthshine measurements to

For the cloud cover, we have used the daily (Df mplementary datasets obtained from space (ISCCP,
and monthly (D2) mean fractional cloud cover dat OMS, CERES, and perhaps, SCARAB, GERB and

from ISCCP. They are the most accurate global cIoMxODI?j’ as \;]vell). To some e>f<t(;nt, the sel(re]ctlon will A
data available, but making them so precise precludiPend on the composition of the team. The strengt

their availability in real-time. The presently released OUr albedo measurements is that they ?re rellatlve
ISCCP dataset covers more than twenty years of&fasurements, not prone to instrumental, or long-
the period July 1983 through June 2007. Iscdpm calibration problems. Satellite observations al-

data make use of visible and infrared radiances; tofapSt always rely on absolute radiance measurements,
cloudiness is determined using both of them, where#id all absolute measurements are prone to long-term
the various cloud types are determined using visilﬁ@“br"’_‘tﬁlon errors tt;)lecause of !nst:jum-er??l degenera-
and/or infrared radiances. For further details on tH@N With age. Problems associated with degeneration
ISCCP data see Rossow et al. (1996). All ISCCP d come worse for satellite instrumentation because of

products are archived at the ISCCP Central Archi%e stress of their launch, the hostile environment in
which they operate, and the impossibility of manual

(isccp.giss.nasa.gov). . _ _
Fgpair if a part of the instrument malfunctions.

The simulated albedo anomalies agree broadly w
those from observations. However, to be realistic, weWhile far from perfect, the geographical and tem-
know there are flaws in our simulations, and we prperal sampling of the satellite instrumentation is more
pose a more sophisticated parametrization of cloextensive than the earthshine, although our two station
properties and the terrestrial scenes in our simulationetwork will reduce this shortcoming. In all cases,
Here we will directly benefit from the other memberdiverse measurements from which albedo can be in-
of the team exploring this topic. Clouds control thierred require assumptions and/or modeling to derive
Earth’s albedo, and a change in the global albedoafeliable estimate, and the availability of different
only 3% (see Figures 2, 3 and 10 for scale) wousdbedo databases and their inter-comparisons is essen-
cause a change in the Earth’s energy balance, wati@l in constraining the assumptions necessary to de-
ing or cooling, comparable to that generally attributetve precise terrestrial albedos. Such precision is es-
to greenhouse gasses since the beginning of the indigsitial when these data are used to extract the role of
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GCRs in changing cloudiness.

Thus, we also propose to undertake a day-by-day
comparison of our earthshine measurements to those
from satellite platforms. These comparisons will be
important, along with improving our models, in any
smoothing of coverage we have to do with the earth-
shine. To this end, it will be necessary to ‘simulate’
the satellite observations by selecting a sub-sample of
their observations covering the areas and times of the
earthshine observations. This is not an easy task be-
cause of the data gaps in both earthshine and satellite
data, and because the distinct geometries of the ob-
servations from the two methodologies also need to
be carefully taken into account. However, our experi-

*
g 0.32 ence with the earthshine-ISCCP comparison make us
3 confident that we know in detail how to perform this
2 Q80 task and that reasonably good agreement will result
T 028 from comparisons of earthshine with satellite data.

e

8

g 026 N . .

< B.4 \Variability of Daily Observations and

24201612 8 4 0 Model Results

vhiversal Time In Figure 10, the lower panel shows the apparent

%Ipedo from one evening’s BBSO earthshine obser-

Figure 10: In the upper panel, the extended bright . . .
areas highlight the parts of the Earth that are t g‘_uons (solid black boxes) overlaid on model calcu-

source of the earthshine during the observations. fﬁgo?ls (SO"d_b?Ck line) covgrlntghln L;T thet'Fwent)_/r-h
satellite-derived cloud cover maps are shown in Qurhour period encompassing the observations. The

secondary gray-scale, with brighter areas indicatig‘gnel shows in red and blue colors the points of max-

greater cloud cover. The empty white boxes in the t 6:' ContrlbUI'EnTC)g the gIObﬁl coverafge from a three
panel indicate the longitudes of maximal contributionio 0N NEWork. TNESe resulls come from near a wax-

to the earthshine at the Universal Time (UT) show{}'9 quarter Moon, and are compared with the simula-

The solid black boxes in the lower panel shows tllll ns using cloud cover maps from the same day, as

observed apparent albedo as a function of time (n3 O\tgvn in the upperl panel.l that at high hical
that the time axis is reversed), while the solid line in- € upper panel reveais that at high geograpnica

dicates the simulate@* values as the Earth rotatesl.""t'tUdeS poleward of-45", t_he cloud COVEr 1S fal_r ly
g?ady. Thus, the short timescale variations in re-

The blue circles (red boxes) are not real observatiof ¢ in Fi 10 q imarilv o i |
data, but are meant to illustrate the point of maxim getance in Figure LU are due primarily to irreguiar

contribution at each moment of the four hours of Obt!es in the fractional cloud cover at low latitudes, and

servations from a robaotic telescope in the Canariespﬁcondigly o the scetr;e typc(ej. In dthellovlvetr ganel _Of
Learmonth). The whole of the Earth contributes wi p'gure 19, one sees observed and caiculated maxima

three stations totaling only 12 hours of observation. P at 7:00 UT due 1o a relative cloud excess over

As can be seen from Figure 9, the whole of the Ea}fp]e Far East, Whll_e the calculated local minimum in
* at 11:00 UT arises from the cloudless area above

;/Iv;):sld contribute, albeit unevenly, with only two Sta]ndia and the Arabian Sea.
One of the most important observational result from
Figure 10 is that over about two hours there is a more
than 10% change ip* for all of the sunlit Earth con-
tributing to the earthshine. This sharp increase is
due to the increasing contribution of a cloudy Asia
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to the Earth’s reflectance as the Earth rotates. Ftime scales effect climate change on Earth. A fea-
ther, the model results show a high degree of vasible, though debated driver is one in which GCRs
ability for the same day. These results are not p&secome cloud condensation nuclei (e.g. Dickinson
ticularly atypical. They serve to emphasize the ned®75, Marsh and Svensmark 2000) and/or modulate
to average as much data as possible, irrespectivetié global thunderstorm electric circuit (e.g. Tinsley
the temporal spacing of points (as long as the se2800). In contrast to direct solar forcing, the cosmic
sons are uniformly covered), to obtain a precise meeay forcing operates on all time scales including sub-
albedo anomaly of the Earth, for say, a ye@ame- decadal time scales (Scherer et al. 2006). We propose
day observations from different locations will allovto conduct a comprehensive comparison between ter-
us to fill-out’ that graphic in time, and smooth the inrestrial cloud properties from ISCCP and solar wind
tensity bumps so each region contributes uniformlyarameters that modulate cosmic rays. This has be-
rather than some being over-represented while ottome timely since vast amounts of significantly more
ers are under-represented, as in Figure 9 to do gapeurate solar and terrestrial measurements of vari-
filling in the observations by means of our modebus sorts have been accumulated over the past two
ing. The BBSO data and the idealized (Canaries athelcades, and a systematic search needs to be made for
Learmonth) earthshine data in Figure 10 is consisteotrelated, relevant solar and terrestrial signals. This
with the large-area, overlapping patches in the lowsork will build on our unique experience in generat-
panel of Figure 9. Smoothing the gaps with siming and utilizing solar and cloud data.

lated albedos would yield a true global albedo with-

out the patchiness of the bottom panel of Figure 9. per panel of Figure 4. The data cover two decades
true global albedo, we mean the one that would resiify sh o, an apparent systematic behavior that resem-
from continuous 24-hour measurements of the earffiag e 25 year sunspot cycle. However, a close com-
shme with as many.statlons as required to achi Grison shows strong differences. Further the com-
this coverage. We will be able to check our smootly, o4 earthshine and cloud property data (more than
ing by using the not'-alway's-avanabl'e data from tn‘unst cloud amount, but also cloud thickness and cloud
other two (non-robotic) stations. For instance, addifig ooy to derive the reflectance results in Figure 3
data from the Crimea would clo_se half the gap bghow a different periodicity also covering about the
tween Lee_lrmonth and_the Canaries and overlap Vvl'gﬁgth of a full solar cycle. The two figures seem to
the C_anarles observations for about two hours. ThHﬁﬂt at some correlations, but also seem to show that a
we_W|II h'ave several measures of global reflectan_(bsfrect comparison between the gross cloud properties
which will broaden and deepen our understanding g\;nspot numbers is unlikely to bear fruit. More
of the tgrrestnal albedo a_lnd_temp_oral Cha”ges Indltetailed investigations are required to uncover more
All of this development will aid us in comparing thgg|aant solar and terrestrial signals. We plan tempo-
albedo/cloud data various specific measures of qué‘lrand geographical decompositions, such as by lat-
activity at Earth, especially the open magnetic ﬂqfhdes (e.g. Usoskin et al. 2004), of cloud compo-
(read CGRs). nents (as we did to obtain Figure 3) and look for trends
in these components and their distribution with solar
B.5 Solar Activity and Terrestrial Re- wind parameters. Our more sophisticated approach
flectance will also employ knowledge of the altitudes and other

Variations in the Sun’s photospheric magnetic fieI&éOUd properties (Yu 2002, Arnold 2006), as discussed

modulate the total and spectral solar irradian&:seCtlonS B.3 and B.4 of this proposal.

(Solanki & Krivova 2006). The Sun’s open magnetic For the solar input, we will primarily exploit ex-
flux, although only a small fraction of the total flux, igsting results and techniques to derive the solar open
responsible for the modulation of the GCR flux reacmagnetic flux, apart from the more conventional
ing the Earth and, hence the production rate of cosnsomnspot number and solar irradiance. It is found that
genic isotopes (Heber et al. 2006). It remains uncle&% of cosmic ray flux variations are accounted for by
how these parameters that are apparently correlateagnetic open flux (Lockwood 2001). Reconstruct-
(or anti-correlated) on decadal, or solar cycle lengiig the Sun’s open magnetic flux has been performed

The total cloud amount from ISCCP is shown in the
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by a few independent groups, yielding consistent neations on Tenerife, which will include the robotic
sults (Wang and Sheeley 1995, Lockwood et al. 19%@rthshine telescope located near the German Vacuum
Solanki et al. 2000, 2002). We will examine existing,ower Telescope. This team is well-complimented
as well as developing data bases for probing cort®r Prof. Jiong Qiu (co-l, Montana State University
lation patterns between the Sun’s open flux and ggwefessor and earthshine veteran). She is also an ex-
graphically decomposed cloud properties on decagatlt in solar activity and solar wind, as well as having
and sub-decadal time scales, and analyze their sigaifdeep and original involvement in the BBSO earth-
icance. If trends are found, we will also work to eshine project. Prof. Phil Goode (PI) and the earth-
tablish an empirical relationship between anomaliskine team will work the postdoc to utilize albedo and
in solar and terrestrial data sets. Apart from publoud data and analyze the solar wind data to under-
lished results, for the upcoming observations, we witand the true GCR-cloud connection. Again private
also compute the Sun’s open flux applying the Potdonds supported the construction, deployment, and re-
tial Field Source Surface (PFSS) model (Schattendeindant (backups for most likely to fail) hardware
al. 1969, Hoeksema 1984, Wang and Sheeley 1992)the network telescopes, but will not provide fur-
to synoptic magnetograms. The synoptic magnetiter support to the project. Phil Goode (PI) will have
field observations are generated on a regular basis anérall responsibility for the project, and will devote
provided to the research community via an open-déitae to the project under his responsibility as a profes-
policy. The PFSS code is open to a wide researstr at NJIT. The travel budget is primarily to support
community at the Community Coordinated Modelingur team member travel to the full GCR team meet-
Center as well as the built-in the open source Solags and also to enable the postdoc to attend scientific
SoftWare (SSW). In our efforts, we will sharpen ouneetings.
skills, while benefiting from the community’s effort to
accurately model and/or measure the large-scale solar
magnetic fields (Riley 2007).

Although our effort cannot directly address the in-
trinsic connections between variations in cloud prop-
erties and cosmic ray particles or particle transport
processes in the heliosphere, the proposed compari-
son in multiple dimensions will provide insight into
understanding the solar modulation of cosmic ray flux
by magnetic fields and decomposition of the ISCCP
data.

C. Budget and Responsibilities of
Team Members

The total budget for this three year proposal is close
to $365 K. This proposal provides full support for a
postdoctoral associate, who will advance the data re-
duction and modeling efforts. Three former BBSO
earthshine researchers have joined the project, but are
not in the budget. Dr. Pilar Monfig#s-Rodiguez
and Dr. Enric Pa#, have returned to Spain and are
employed at the IAC in the Canaries. Enric Ball
has a permanent position in the IAC and is an expert
in earthshine, cloud modeling utilizing satellite data
and climate change. Dr. Pilar Moifis-Rodiguez

is in charge of starting up various nighttime obser-
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