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Part |: M ssion Sunmary

1.0 Executive Sunmary:

I'n August and Septenber of 2004 scientists fromtwo dozen international

research organi zati ons converged in the Arabian Gulf region to participate in the
United Arab Emirates Unified Aerosol Experiment (UAE2). The four prinmary

goals of the m ssion were to a) provide the first ground truth of a variety of
environmental satellite and nodel products in this extremely conplicated region
of the world, b) Performthe first assessnment of the nature of aerosol particles in
the Arabian Gulf c) Deternmine the role of aerosol particles on the radiative

bal ance of desert regions, and d) Understand how perturbations in the earth’s
radi ati ve bal ance can influence atnospheric flow patterns fromlocal to regional
scales. In summary:

Over 60 scientists from8 countries and 24 institutions were involved.
Fifteen satellite sensors, five nodels, two aircraft, and a nultitude of
ground stations were used.

Twenty-one flights for over 80 hours were used to nonitor the atnosphere
and vertical distribution of pollution and dust.

Based on these neasurenents applied science research topics of inportance
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to the United Arab Enirates have been advanced. The scientific comunity is

now to the point where the UAE regi on can be eval uated and nonitored with
confidence, and approach significant fundanental research topics of significance
to the region and world as a whole. This document presents a series of research
topics that the UAE2 science teamis currently analyzing. Research has
essentially followed the primary goals above. Specific areas of intense interest
include understandi ng the atnospheric flow patters of Southwest Asia using a
suite of mesoscal e and gl obal npdels. The calibration/validation of specific
satellite sensors such as the Miulti-angle |Inaging Spectro-radioneter (M SR) and
the MODerate resolution |Inaging Spectro-radioneter (MODIS), and the

Advanced Very Hi gh Resol ution Radi oneter (AVHRR) was al so very successful.
Lastly, this mssion has provided the very first conplete study of the chenmi cal,
physical, and optical properties of pollution and dust particles in the United Arab
Emrates.

This first year progress report is conpiled for the UAE Mnistry of Presidential
Affairs, Department of Water Resource Studies (DWRS), NASA Radi ation

Sci ences Program the Office of Naval Research (ONR) Codes 32 and 35, and

the Naval Research Laboratory (NRL) Base Program G ven is an overview of

the program and individual reports fromkey investigators. Included are
recommendations for the DWRS for further research.

UAE2 First year report. Aug 1, 2005
Manuscri pt approved August 8, 2005.

2.0 Background and Rationale for the UAE2 M ssion:

The Arabian Gulf has one of the |argest aerosol burdens in the world with
frequent dust storns, snoke advection fromthe Indian subcontinent, and its own
hi gh em ssion rates of pollution fromthe petroleumindustry and |ocal
construction. Particle size distributions and chem stries are highly variable. In
addi tion, the Arabian Gulf exhibits extrenmely conplicated neteorology, with
variabl e sea surface tenperatures, enornous |atent heat fluxes, abrupt

t opogr aphy and strong nmesoscal e circul ations. This conbination of factors

makes both nodeling and renpte sensing in the region extrenely difficult.
Consequent |y, although there have been | arge nunbers of papers discussing

at nospheric properties in the Arabian Sea and | ndian Ccean, the neteorol ogy

and nature of aerosol particles in the Arabian Gulf region were until very recently
nostly unstudi ed. The one exception is the international field neasurenents
surrounding the 1991 Gulf War/Kuwaiti oil fires incident. These circunstances

are certainly an anonaly and are problematic to apply to nore typical conditions.
There are a few studies that can be used to understand the regions fundanental
nmet eor ol ogi cal properties.

The absence of environmental studies on the Arabian Peninsula is a direct

result of its harsh environmental conditions. Wile the |atest generation of
renpte sensing algorithns has greatly expanded the utility of space-based

sensors to cover desert areas, they are still in a prototype form Aerosol Optical
Thi ckness (AOT), ocean color, tenperature profiles, and cloud properties should
be retrievabl e at unprecedented accuracy. But in hot desert regions and shall ow
coastal areas, this is not fully proven.

In response to the need for fundanental neasurements in the Southwest

Asian sub-continent a field canpai gn was necessary. The United Arab Enirates
was chosen as the base area for this study, for a nunber of reasons. These

i ncl ude:

The atnmospheric environment of the Arabian Qulf is npstly unstudied.
Hence, new science can be performed sinultaneously with
calibration/validation studies.

Bri ght desert surfaces and shallow water disrupt satellite sensors on a
nunber of levels. This region is also difficult for neteorol ogy nodels to
simulate. Thus, this is one of the few regions of the world that can be
used to fully stress aerosol algorithms and assunptions.

The infrastructure and avail abl e support in the UAE is nuch greater than
ot her possible study |ocations. The resources of the DWRS are

unsur passed conpared to other Arabian Gulf counties. This nmakes the

UAE an ideal location to work to inprove such satellite and neteorol ogical
syst ens.

UAE2 First year report. Aug 1, 2005

The DWRS was al ready funding an extensive cloud seeding programwth
the University of Wtwatersrand and the National Center for Atnospheric
Research. Consequently, necessary airborne assets were already in

pl ace for further research.

Nowhere else in the world can the desert atnosphere be studied in such
extensive detail. Dust and the desert atnosphere are inportant

unresol ved aspects of global climte change science.
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Several spatial scales of the atnpsphere can be studied sinmultaneously:

From the afternoon sea breeze to large-scale patters that cover all of

Sout hwest Asi a.

For all of these reasons, the scientific comunity grew quickly excited when
the United Arab Enmirates Unified Aerosol Experinment (UAE2) nission was
initiated. External sponsors included the UAE Dept. of Water Resource Studies,
the United States National Aeronautics and Space Adm nistration (NASA)

Radi ati on Sci ences Program the United States O fice of Naval Research (ONR),
the United States Naval Research Laboratory (NRL), and several other

international agencies. Al involved agencies had sinmlar goals that would benefit

the UAE and the world.

3.0 M ssion Philosophy and the “Unified” in the United Arab Enirates

Uni fied Aerosol Experinent (UAE2)

Wil e many el enents of the UAE2 program can be categorized in the areas of
aerosol m crophysics, radiative transfer, satellite/nodel calibration/validation,
general neteorology, nost are interdisciplinary. The ultimte goal of the
programis to devel op as conplete an understandi ng as possible of aerosol-

radi ati on- net eor ol ogy feedbacks in Southwest Asian region. In order to

succeed, the principal areas of atnospheric research need to be “unified” into a
coherent data assimlation and product system This is sunmarized in Figure

3. 1.

There are three principal areas of atnospheric investigation: Field

Fundarment al understandi ng through neasurenments and theory; nonitoring

through renpte sensing; and extrapol ati on through nodeling. The npst

fundanental research is in the direct observation of the environment, and its
subsequent description through theory. However, |ocalized observations rarely
capture the full conplexity of the global environment. To nonitor on the gl oba
scales, one nust ultimately resort to renpote sensing systens where |arge spatia
domai ns can be nonitored frequently. From such data, field measurenents and
theory can be applied to produce additional products. Conversely, findings from
renote sensing studies can be used to refine additional field neasurenent

canpai gns. But, renote sensing systens by nature are underdeterm ned

Sonewher e fundanmental assunptions on the atnmosphere mcrophysics are

made and the boundary conditions are in part assuned. For exanple, how does

one nonitor the existence of aerosol particles in heavily clouded regions or in

UAE2 First year report. Aug 1, 2005

Fi el d Measurenents
and Theory

Goal : Determ ne the fundanmental physical
properties of the environnent

Issue: Limted observations and extrene
environnmental conditions

Renpt e Sensi ng

Goal : Spatial and tenporal nonitoring
I ssue: Tend to be underdetermn ned.
Conpl i cated mi crophysics and boundary
condi tions

Mbdel i ng

Data Assimlation and

Anal ysi s

Products for Custoners :Nowcasting,
forecasting and understanding clinate
CGoal : Tenporal /spatial extrapol ation and
physi cal inference

I ssue: The world is a conplicated place.
Take a | ook outside..

Figure 3.1 Description of the four primary conponents of research in UAE2

conplicated regions? To address this, extrapolation is nade via numerical
nodel s. Model s can reproduce the 4-di mensional nature of the environnent.

But their own boundary conditions nust cone fromtheory and field

measur enent derived paranmeterizations as well as renpte sensing observations.
Al so, verification of nodel output can only cone fromthese observing systens.
But at present, the full conplexity of the environnent cannot be represented
nunerical ly.

Traditionally, theory, field neasurenents, renote sensing, and nodeling

studi es have been relatively independent. But recent studies have begun to
integrate these areas of research. The goal of the UAE2 canpaign is to fully
unify these research areas into a coherent data assimlation and analysis system
This will yield products for all of the m ssion’s custoners from neteorol ogical
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nowcasting and forecasting to understanding the region and gl obe’s clinmate.

UAE2 First year report. Aug 1, 2005

4.0 Summary Results fromthe 2004 UAE2 Field Canpaign

From August 1st - through October 5th, 2004, the Intensive Operations Period

(10P) of the United Arab Emrates Unified Aerosol Experiment (UAE2) officially
took place. During this groundbreaki ng m ssion, the southern Arabian Gulf

at nospheric environnment was exam ned in unprecedented detail. Using

satellites coupled with conprehensive ground and airborne nmonitoring, this
experiment characterized the clouds, airborne dust and pollution of the UAE and
surrounding region. This mission will allow scientists to understand how the
conplicated neteorology of this region fits into the global climate picture, as well
as provide NASA with data to build better satellite sensors and algorithnms to help
UAE institutions nonitor the |ocal atnospheric and ocean environment.

There were a nunber of scientifically sound and pragnatic reasons for nany
scientists of the world to converge on the region for the UAE2. First and
forenmpst, the atnospheric environnent of southwest Asia is nostly unstudied.
Dust and the desert atnosphere remain inportant unresolved aspects of gl obal
change science, and the Sout hwest Asian region defies assessnent. This is
partly because the region is so challenging to space based sensors: bright
desert surfaces and shallow water disrupt satellite sensors. The hot desert,
sharp nmountains and seas al so nake the application of neteorol ogi cal nodels
difficult. Because the infrastructure and avail able support in the UAE is nuch
greater than other potential study locations, the UAE is a |logical location from
which to study the region. In particular, because of its varying terrain and
extensive nesonet of weather stations the UAE is an ideal location to work to
improve such satellite and neteorol ogy systens. Indeed, this is one of the best
places in the world to study the desert and coastal atnpbsphere in extensive
detail. Several spatial and tenporal scales of the atnobsphere can also be

studi ed sinultaneously. Fromthe afternoon sea breeze to |arge-scale patterns
that cover all of Southwest Asia, few places offer such interplay of varying
nmet eor ol ogi cal phenonenon.

In this DWRS, NASA, NRL, and University of Wtwatersrand |ed experinent,

over 60 scientists from8 countries and 18 research institutions were involved. A
sunmary |list presented in Table 4.1 Fifteen satellite sensors, five atnospheric
nmodel s, two aircraft, and a nultitude of ground stations were utilized. Mich use
was made of the South African Weather Service/University of Wtwatersrand
Aerocommander and Cheyenne research aircraft already on station as part of a

DWRS funded cl oud seedi ng program For UAE2, these aircraft perforned

twenty-one flights totaling over 80 hours, to nonitor the atnosphere, including
the vertical distribution of pollution and dust. The end result of all of this work is
that the latest state-of-the-art satellite and atnospheric products are being
transitioned to the Office of H H the President, Departnent of Water Resource
Studies (Currently in the Mnistry of Presidential Affairs).

4.1 The Atnospheric Environnent During the UAE2 M ssion

As woul d be expected, the aerosol particle |loadings in the UAE are

dom nated by airborne dust, with an inportant adm xture of pollution aerosols.
Typical ly, Total Suspended Particulate nmatter (TSP) was on the order of 100-300
ng m3. We estimate Particulate Matter |less than 10 microns dianmeter (PMLO)
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levels to be roughly two-thirds this value. The year 2004 showed hi gher dust
concentrations than in the previous 5 years. The exact reason for this is unclear
but is currently an area of study by m ssion scientists. Dust fromthe UAE, Iraq,
Iran, Saudi Arabia, Qatar, and Afghanistan were all observed in the region during
the m ssion.

Dust in general is conposed of clays, alum na-silicates and various
evapor ates. However, the Arabian Peninsula is enriched with shallow oceanic
deposits, with oceanic carbonate deposits underlying nost of the region. This

Table 4.1 List of Primary UAE2 Organi zations
Fundi ng Agenci es:

Dept. of Water Resources, O fice of the President, United Arab Emirates (Mangoosh)
NASA HQ Washi ngton DC (Maring)

Naval Research Laboratory Base Funding, 6.1 Platform Support (Hartw Q)

O fice of Naval Research Code 32 (Ferek)

O fice of Naval Research Code 35/ NAVSEA PMS 405 (Saulter/Nolting)

Steering Committee:
Roel of Bruintjes (NCAR): Joint hygroscopiccl oud seeding m ssion scientist
Pior Flatau (Scripps): Radiation sciences |eader

Charl es Gatebe (GEST/ GSFC) US ni ssion deputy
Brent Hol ben, (NASA GSFC): G ound team | eader
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Christina Hsu, ( NASA GSFC): Renpte sensing co-| eader

Ral ph Kahn, (Jet Propul sion Laboratory): Renpte sensing co-|eader

M chael King, (NASA GSFC): Radi ation sciences

Hal Maring (NASA HQ: Lead program nanager

Abdul I a Al Mandoos, (DWRS): UAE mi ssion scientist

Stuart Piketh (Univ. of Wtts): South Africa m ssion scientist, cloud physics
Jeffrey Reid (NRL): US mission scientist, mcrophysics & chem stry

Dougl as Westphal (NRL): Meteorol ogy team | eader, Aerosol transport

Participating Institutions

Dept. of Water Resources, O fice of the President, United Arab Emirates
Jet Propul sion Laboratory, Pasadena, CA.

National Center for Atnmospheric Research, Boul der CO

NASA Goddard Space Flight Center, Greenbelt M.

Naval Postgraduate School, Mnterey CA.

Naval Research Laboratory, Monterey, CA

North Carolina State University, Raleigh, NC

Scripps Institution of Oceanography

TNO Physics and El ectronics Laboratory, The Hague, Netherl ands
Uni versite de Shebrooke, Sherbrooke, Quebec, Canada
Universite Lille, Lille, France

Uni versity of Al abama, Huntsville, AL

University of California, Davis, CA

Uni versity Corporation for Atnpspheric Research

University of Hawaii, Honolulu H

University of Maryland, Baltinore County, Baltinore MD

Uni versity of Maryland, Collage Park, M

University of Wtwatersrand, South Africa

Warsaw Uni versity, Warsaw, Pol and
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was wel |l denonstrated in the aerosol data, with extrenely high carbonate
concentrations found during some of the dustiest days. These el enental
signatures are enabling the teamto estimate the exact source region of npst
dust. Dust sources also varied a bit nore than expected. During the m ssion we
observed a nunmber of haboobs-dust storns that formin the outflow from
thunderstorns. Clear regional air quality episodes can be linked to three such
events.

The nost significant dust event during the enission occurred on Sept 12,

2004. In the preceding days, a strong frontal boundary forned north of Iraq
generating extrenely high winds in the Tigris-Euphrates valley. Dust fromthat
event was transported into the Southern Arabian Gulf causing extrenely heavy
air quality degradation and poor visibility throughout the UAE.

Regional air quality and pollution was al so nonitored successfully throughout

the m ssion at the coastal MAARCO site (Figure 4.2). The sanpling area around
Taweel a shoul d be considered indicative of regional values and was not

impacted by any significant |ocal sources. Particulate Matter with dianmeters |ess
than 2.5 ym (PM2.5), a key air quality index, averaged 35 ug m3 during the study
with a maxi mum value of up to 80 png m3. (on August 31st, 2004). O her
significant pollution days were Septenber 6th and Sept 12th (coexisting with the
dust event), both at 65 . During nost of the study period, however, pollution

MAARCO Mass Ti neseries
Aug/ 8 Aug/ 17 Aug/ 26 Sep/ 4 Sep/ 13 Sep/22 COct/2

Figure 4.1. Time series of daily average coarse node (particles larger than 2.5 microns
in dianeter, and fine node particulate natter less than 2.5 mcrons in dianeter (PM.5)
during the UAE2 ni ssion,
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| oadi ngs were relatively constant.
Pol I ution conposition was surprisingly organic free. On a whole, sinple
ammoni um sul fate accounted for nearly 60% of PM2.5 dry mass, followed by

~25% fromintrusi ons fromcoarse nbde dust. Only ~20% of nass can be
contributed to black carbon (soot) or particulate organic matter. This mass
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separation is consistent with the bulk of the pollution comng fromthe petrol eum
industry and in particular flares and power plants. Sanples near the city centers
will nost likely have increased contributions of black carbon and organic matter
and hi gher mass concentrations.

The neasured values for PM2.5 pollution are considered high by npst western
standards, but are considered typical or better than nost of the world. For
exanpl e, the regional “background” |evel is considered significantly higher by
conparison to Canada, the EU, or the United States. However, |oadings are half
the regional values of Southeast Asia, East Asia, India and nost of Africa.

In evaluating UAE air quality there are a nunber of issues that need to be

consi dered. First, sanpling was performed during the worst air quality nonths of

the year. Further, nost of the significant pollution events were easily identifiable
as being a result of transport fromnorthern and central gulf countries. Lastly, the
presence of so nmuch dust in the atnopsphere of Southwest Asia nmakes any

conparison to nore industrialized parts of the world somewhat problenatic.

Mbdul ati ng the regi onal aerosol |oadings was the conplicated flow patterns of
the region. It was clear during the study that on a daily basis the conplicated
| and- sea breeze significantly influenced the relative vertical distribution of dust

Resi dual

Cal ci um
Organic matter carbonates
13. 4%

4. 6%
Al um no-silicates

Bl ack carbon 10.5%
4. 3%

9. 4%

Sea salt
0.3%

(1.59%

Amoni um

sul phate

57.5%

Figure 4.2. Average apportionnment of PM2.5 pollution at the MAARCO site.
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and pol lution. Wiile strong shallow stable |ayers formover the ocean effectively
partitioning the near surface and md | evel atnosphere, the steady oscillation of
the seal/land breeze can vertically nmix the atnosphere. The devel opnent of

internal boundary |ayers during onshore flow was particularly interesting.
Currently, the nodeling team nenbers are analyzing the data and will present
first results in Decenber.

4.2 Efficacy of renote sensing products in the region

One of the primary goals of the UAE2 mission is the calibration and validation

of renpte sensing systens that have traditionally had difficulty nonitoring this
part of the world. Science team nenbers have focused on three principle

areas: 1) The retrieval of aerosol particle properties fromsatellite over bright
deserts and shall ow water 2) the retrieval of land and water tenperatures by
satellite in the presence of absorbing dust and varying surface types, and 3) the
inversion of aerosol particle optical properties fromground based AERONET
systens. In each of these categories the UAE2 mission net its primary goals.

Mbst satellite systenms deternmine the aerosol |oading in the atnosphere by
conparing the “brightness” of the planet from space to sone theoretical clear sky
result. Like clouds, aerosol particles such as dust and pollution “lighten” the
image and reflect nore light to space than an otherw se clear sky. Over dark

water, it is very easy to see the lightening effect of aerosol particles. |If the ground

is bright, such as in deserts or in shallow water, it becomes nuch nore difficult.
Another difficulty is if there is dust in the atnosphere. Dust particles have
irregul ar shapes and their optical properties are difficult to nodel. A key purpose
of this mssion is to develop systens that can overcone this issue. The UAE
environment is perfect for perform ng these valuations.

Overall, the standard MODI'S algorithm for nonitoring aerosol particle

| oadi ngs over water worked reasonably well. It tracked the relative changes in

at nospheric | oading of dust and pollution and even showed sone skill in
partitioning the relative anbunts of dust and pollution. Typically, the MODI S over
wat er algorithmwas good to within 15% (Figure 4.3).

What we were nost interested in, however, was the next generation of over

desert algorithns, such as “Deep blue.” This algorithm takes advantage of the
fact that deserts are fairly bright in red wavel engths, but are dark in the blue. So
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the hypothesis is that by using traditional over water methods but in shorter
wavel engths, satellites can get a dark enough background to see the change in
scene brightness due to dust and pollution. Prelimnary results fromthe study
are quite positive. Typically, the Deep Blue algorithmcorrectly determ ned the
amount of dust and pollution over desert to within 30%

A second satellite systemutilized during the mssion was the Milti-Inage
SpectroRadi ometer (M SR), which determ nes the properties of the atnosphere

by viewi ng the scene at nine angles, sone as steep as 70 degrees. By | ooking

at a progressively steeper slant paths through the atnosphere, the relative
contributions of surface and skylight to the scene systematically increase. Early
results fromthe mssion show that in addition to optical depth, MSR is also
sensitive to aerosol properties over bright surfaces.

UAE2 First year report. Aug 1, 2005

Figure 4.3. Scatter plots of the MODI' S standard optical depth product conpared
to the Sir Bu Nair island site (upper-over water) and the new Deep Bl ue

al gorithm (l ower over desert) over the Hami msite. Plot courtesy of Jianglong
Zhang, NRL
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A second priority of the nmission was to examine how satellites can determ ne the
land and sea tenperature (Figure 4.4). By using this information, neteorology
nmodel s can nuch nore accurately inprove wind and cloud forecasting.

Typically, tenperature retrievals are perforned at infrared or mcrowave

wavel engt hs. The direct nmeasurenment of tenperature fromthe infrared is

straight forward with regard to | and surface type, but is conplicated by |arge
ai rborne dust particles. The higher the dust is in the atnosphere, the colder it is
and the nore it affects the retrieval. Conversely, mcrowave retrievals of
tenperature are not affected by dust, but are nore sensitive to the | and surface
underneath. During the m ssion we exam ned | and and sea tenperatures from

space and are conparing themw th field neasurenents.

Lastly, during the UAE2 mi ssion we wanted to know how well ground based

AERONET systens characterize the atnosphere. Just as a satellite system

| ooks down and deternines atnospheric properties by apparent changes in

ground brightness, the AERONET sun photoneter |ooks up at the sun and sky;

based on variations in sun and sky brightness, it determines the |oading and
properties of aerosol particles above. The UAE environnent is very challenging
for such nmeasurenents because again the atnosphere is heavily |oaded with
conplicated dust particles. Oher issues include the bright desert surfaces that
reflect nore light into the sky, and the variable amunt of pollution.

Figure 4.4. Exanples of the diurnal cycle of regional tenperature over the M ddl e East
ar ea.
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5.0 Recommendations for DWRS
The science teans operating with DWRS have five primary

recommendations for future transformati ons and research. These are |isted
bel ow from the nost broad to the specific.

a) Wth its conputer and hardware infrastructure the DARS is in a unique
position in the Southwest Asian region. The earth science research
projects it has hosted far exceed those of neighboring countries. DWRS is
the | ogical host organization for developing the UAE’s applied earth
science corporate |aboratory. Its mssion and goals should expand to
cover all the UAE’s earth sciences needs. This should include not only
precipitati on and hydrol ogy, but al so oceanography, pollution and applied
sci ence engi neering.

b) A high priority for DWRS studies is the evaluation of the inpact of pollution
and dust particles on cloud mcrophysics and precipitation. This should

include not only periods of intensive operations but also |onger-term
nonitoring. As part of this programthe DWRS shoul d becone a nenber

of the AERONET network with three instruments (and preferably four).

These should be |ocated at an island site in the Arabian Gulf, at a coastal
location, and a third in the interior in an inflow region for nountain
convection. A fourth instrument (perhaps jointly with Oman) should be

pl aced on the Omani side of the Jebel Miqgaylit to nmonitor inflow fromthe

Ar abi an Sea.

c) DARS is in a position to begin state-of-the-art nonitoring of UAE pollution
em ssions and transport from nei ghboring countries. Although there

al ready exist air quality prograns in individual emrates, such data needs

to be unified into a cormmon dat abase and standardi zed auditing
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procedure need to be developed. This will not only help the emrates
understand their own environnment, but will also allow for inforned
negotiations on other climate related i ssues such as the Kyoto Protocol on
greenhouse gas em ssions.

d) Effort should be made to devel op updated forecasting tools to inprove
precipitation forecasting. The geography and flow patterns are rigid
enough that a series of observations can go into conditional enpirical
anal ysis for the next days forecast.

DWRS shoul d start systemmtically collecting renpte sensing earth science data,
including regional level 1b and 2 MODIS and M SR data. Such data is freely
avail abl e at the DAACS via website and efforts should be made to regularly
gat her and process the products.
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Part 11: Individual Reports and Summaries

A.1 AERONET Advances and UAE2
Principal Investigator: Brent Hol ben, NASA Goddard Space Flight Center

Co- Il nvestigators: Tom Eck, Al exander Smirnov, David Gles, and |lya Sl utsker

A.1 Nature of the problem

The sun and sky scanning spectral radioneters that make up the AERONET

network automatically measure the intensity of the sunlight and directional sky
brightness in the W (340 nn) through the near infrared (1,640 nm in 9 spectral
band passes throughout the day. These data are relayed by satellite to NASA’s
Goddard Space Flight Center where they are processed in near real tine to
retrieve aerosol optical depth, particle size distribution and conpl ex index of
refraction avail abl e through the public access website:
http://aeronet.gsfc.nasa. gov.

G ven the nearly continuous daylight observati ons, AERONET has provided a
significant contribution to the aerosol research community since the first
observations in 1993 of bionass burning in Brazil’s Anmazon basin. The program

has grown froma few instrunents naking |ocal observations to approxi mately

300 globally distributed sites in 2005 (Fig. A 1). The UAE2 canpai gn of 2004
ushered in a new era in research from ground-based aerosol characterization

that has here-to-fore not been attenpted, that is nesoscal e aerosol observations
with a sufficient dense network of instruments to provide a new understandi ng of
aerosol transport processes, evaluate aerosol properties with respect to |ocal and
regi onal sources and characterize aerosol distributions in tine space (Fig. A 2).
The UAE2 AERONET data while providing regional and |ocal aerosol

characterization (see Eck case study in this report), also allowed opportunities to
research new neasurenents unique to the programincluding polarization (see
Smirnov sunmary this report), ocean |eaving radiances and eval uati on of new
processing algorithms to be inplenmented on the entire AERONET dat abase.

Finally the nmesoscal e AERONET network in concert with the DWRS nesoscal e

nmet eor ol ogy network is providing the opportunity to understand and inprove
mesoscal e aerosol transport nodels (see Reid and Westphal this report),

val i dation of new and/or inproved satellite aerosol algorithns (see Kahn and

Hsu, this report).

Figure A .1 The global distribution of
AERONET sites covers all nmjor
aerosol types however the sites are
wi dely spaced resulting in relational
connectivity between station
observati ons.
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Figure A 2 shows the nesoscal e spatial distribution between the AERONET sites
during the UAE2 canpai gn.

A. 2 AERONET Version 2 sunmary and inplications for UAE2

AERONET Version 2 (V2) for the sun neasurenents (V2S) was released in

July 2005. This will be followed in Septenmber with V2 for the inversion retrievals
(V2R). Cur phil osophy towards the processing al gorithms has not changed, that

is we are using published comunity accepted algorithms and data sets to

process the direct sun and sky radi ance data.., but with a caveat as described
later. If you, the users, prefer to make your own corrections, we also provide the
total optical depth as well as the conponent optical depths for each spectral
measurenent in V2S. If you find an error or discrepancy in the V2S database,

pl ease contact nme imediately so that | can alert the community using the data
and we can solve the problem quickly.

UAE2 First year report. Aug 1, 2005
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A. 3 V2S Application to the Database:

Al'l V2 processing will be retroactive for the entire AERONET dat abase dating

back to 1993. The old ‘AERONET Version 1’ (V1) processing will continue in

parall el through at |east Decenber 2005 to insure continuity for those wi shing to
conplete data sets or investigations. Access, availability and website

appearance will remain exactly as in the past. The V2 data are available from
the sanme website (http://aeronet.gsfc.nasa.gov) as are the conplete and updated
V1 database. Both data sets are clearly |abeled. Until V2R products are
operational, the only retrievals that will be available are the |egacy products
based on V1 inputs. All clinmatol ogi es have been reconputed thus providing a V1
and V2 AOD and water vapor climtol ogy. Although the direct sun V2S products

are inputs to the retrievals there will be no mxing V2S with VIR products. Quality
controlled data, levels 1, 1.5 and 2.0, are available in V2S.

A. 4 V2S Summary-what is the net effect?

Pl ease refer to Table A1 and A.2 for a V1 and V2S conparison and the

di scussion below. Table A.3 with references is the conplete description of the
changes inplenmented in V2S.

Ozone: We replaced London’s gl obal average O3 climatol ogy with TOVS 30
year clinmatology. In all but extrene cases this is a difference of Iess than 0.003
AOT at 675 nm O her affected bands are |ess.

Table A.1 Algorithm nodifications from Version 1: Rayleigh, Solar flux, NO2,
3, CH4, H20, C2

Parameter Version 1 Version 2

Rayl ei gh optical Edlen 1966 Bodhaine et al. 1999

t hi ckness

Air Pressure 1013.25 nb & height eq. NCEP interpol ated
pressure ht

Sol ar Flux Neckel and Labs 1981; Wods et al. 1996
and Frohlich and Wehrli

1981

Ozone London et al. 1976 TOMS O3 1979- 2004

NO2 None Schi amachy nonthly

cl i mat ol ogy

WAt er Vapor Content Bruegge et al. 1992; Mchal sky et al. 1995;
Reagan et al. 1992 Schmid et al. 1996

Wat er vapor correction None LBLRTM

for AOD (1020 nm
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NO2: Caveat-NO2 is optically present in very small quantities in the stratosphere
but is highly variable in the | ower troposphere being highest in urban/industrial
regi ons due to fossil fuel conmbustion. We ignored this absorption in V1 due to
lack of widespread observations. V2S uses a 2 to 3 year clinmatology by nonth
from SCI AVACHY. Although the SCI AVACHY data are not fully independent
observations, conparisons to GOVE and ground-based observations indicate

the SCI AMACHY data are relatively accurate (but we feel slightly underesti mate
the measured concentration) and thus nmerits inclusion in our correction schene.
Net effect ~ 0.01 at 380 nmin urban areas but globally is <0.003 dependi ng on
wavel engt hs between 340 nm t hrough 500 nm

Rayl ei gh: The algorithms are only slightly inproved to account for polarization
effects. The overall difference between V1 and V2 is insignificant, nmaxi num of

0.003 at 340 nm at sea level.

Air Pressure: This input to the Rayleigh algorithns is extrenely inportant
especially for the UV and blue bands. In V1 we used a constant pressure of
1013. 25 adj usted by el evation of the station. For high elevation sites and
noderate el evation continental sites, the calculated ‘station pressure’ was
sonetimes of f by nore than 20 hPa resulting in mss-correcting AOD at 340 nm
by nmore than 0.015.

The NCEP/ NCAR Reanal ysis 6-hourly data access base provi des gl obal
mean sea-|evel pressure and standard pressure |evel heights (1000, 925, 850,

Table A 2: Spectral Corrections/conponents

St andar d

Wavel engths (nm

Version 1 Version 2

340 (2nm Rayl eigh, O3 Rayl eigh, NO2, O3
380 (4 nnm) Rayl ei gh Rayl ei gh, NO2

440 (10 nm) Rayl eigh Rayleigh, NO2

500 (10 nm Rayleigh, O3 Rayleigh, NO2, O3
675 (10 nm) Rayl ei gh, O3 Rayleigh, O3
870 (10 nm Rayl ei gh Rayl ei gh

940 (10 nm Aerosol: Interpolate 870 to
1020

Aerosol : Extrapol ate 440

thru 870 to 940
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1020 (10 nm Rayl ei gh Rayl eigh, H20

1640 (25 nm) Rayl ei gh Rayl ei gh, H20, C02, CH4
Sea- Prism

Wavel engths (nm

Version 1 Version 2

412 (10 nm Rayl ei gh Rayl ei gh, NO2

555 (10 nm Rayl eigh, O3 Raylei gh, NO2, O3
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700, 600 hPa). These pressure level data are used to interpolate and fit the
pressure at the station elevation. Qur analysis shows that 95% of all
observations are within 1 hPa of neasured station pressure and difficult sites
such as Mauna Loa, owing to it’s high elevation, had 95% of all observations
within 2 hPa of recorded station pressure. NCEP air pressure inputs for Rayleigh
corrections represents the nost significant inprovenent in V2S processing and,
because of ready access to the data, is highly recommended for sun photonetry
in the absence of neasured station pressure.

The NCEP/ NCAR Reanal ysis 6-hourly data has a 2.5 by 2.5 degree spati al
resolution and are nornally available after a four to five week delay. Thus we
conpiled a nonthly climtology (froma 50 year record) to use for the real tine
level 1 and 1.5 data. Histograns of the climatol ogy to neasured station pressure
show 95% of observations |ess than 2 hPa deviation for Goddard and 4 hPa at

M.O. The 6-hourly will replace 1, and 1.5 as it becones available and wll

al ways be used for level 2.0 data.

H20: LBLRTM was used to conpute the A and B coefficients for all 940 filters
where the filter function was available to nore accurately account for water vapor
absorption. The resulting water vapor retrievals showed a decrease of
approximately 13 to 19% from V1 retrievals. This is in agreenent wth published

bi ases of Schmid and conparisons to ~7000 GPS retrievals at GSFC showed a

bi as of ~2% thus suggesting great inmprovenent over V1. We will now support a

qual ity assured product (level 2.0) for water vapor.

Measured filter functions for each filter in the network, including the 940 water
vapor absorption band, were consistently available back to 1997 and only about

50% of the 940’s prior to that. Because we require the filter function to determ ne
the A and B coefficients, only water vapor retrievals fromthose instruments with
neasured filter functions will be raised to level 2. Prior to 1997, depending on
circunstances, batch filter function was determ ned from a neasured subset and

was applied to each instrunent’s 940 filter to conpute coefficients A and B,
calibration coefficients and finally the colum integrated water vapor. This effort

will only result in level 1.5 data. As we continue to uncover nore spectral curves
fromthe past or neasure the filter function (we have nost of the filters in the
AERONET nmuseum), we will be able to pronote nore of the early data to level 2.

Due to tenperature dependence and water vapor absorption in 1020 nm

filters the resulting AOD is slightly nmore uncertain conpared to other channels.
Thus we decided to extrapolate from 440 through 870 nmto 940 nmto estimte
the AOD conponent rather than interpol ate between 870 and 1020 nmas in V1.

Wat er vapor absorption is renpved fromthe 1020 nm and 1640 nmfilters
based on the inproved H20 al gorithm

Trace Gasses: CH4 and CO2 optical depths are conputed for each filter function
using profiles fromUS 1976 standard atnospheric nodel. Absorptions are

renoved fromthe 1640 nmfilter according to the NCEP hei ght-pressure
relationship. This replaces the standard air pressure vs height algorithmof V1.
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Table A 3: AERONET Version 2 Direct Sun Algorithm

Ancillary Data

Set Corrections

Dat a Product Spatial Resolution Tenporal Resolution Source
NO2

[ Ref erence 1]

Total colum

concentration

[ mol ec/ cn]

Gobal: 0.25 x 0.25

degrees resol ution

Mont hly cli mat ol ogy
(2003-2005)

ESA SCanni ng | nagi ng
Absor ption SpectroMeter for
At nospheric CHartographY

( SCI AVACHY)

(o1}

[ Ref erence 2]

Total colum
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concentration

[ Dobson Units]

G obal: 1 x 1.25 degrees

resol ution

Mont hly cli mat ol ogy

(1978-2004)

NASA Total Ozone Mapping

Spectroneter (TOMS): Earth

Probe and Ni mbus

Pressure

[ Reference 3]

Station pressure [hPa]

derived from standard

pressure | evel heights

[mM and sea-level

pressure by using

quadratic fit in

| ogarithm c space

G obal 2.5 x 2.5 degrees

resol ution

Si x pressure |evel

hei ghts: sea-level, 1000,

925, 850, 700 600 hPa

Use 6-hourly when

avail abl e and default to

nmont hl'y cli mat ol ogy

(1993-2004)

NCEP/ NCAR Reanal ysi s

Corrections Explanation Inplication

O3 Absorption

[ Ref erence 4]

Integration of ozone spectroscopy and fitted to
filter function for each wavel engths to obtain
ozone absorption coefficients.

I mproved ozone wavel engt h- dependent absorption correction
NO2 Absorption

[ Ref erence 5]

Integration of NO2 spectroscopy and fitted to filter
function for each wavel ength to obtain NO2
absorption coefficients.

I mproved NO2 wavel engt h- dependent absorption correction
Cco2

[ Ref erence 6]

Constant value of 0.0089 at standard atnospheric
pressure and tenperature; adjusted by P/Po.

Affects extended wavel ength instrunents (e.g., channel
1640nm)

CH4

[ Ref erence 7]

Constant val ue of 0.0036 at standard atnospheric
pressure and tenperature; adjusted by P/Po.

Affects extended wavel ength instrunents (e.g., channel
1640nm)

Filter Functions

[ Ref erence 8]

Filter functions have been updated for instrunents
after 1997.

I nproved data quality.

Rayl ei gh

Optical Air

Mass Fornul a

[ Reference 9]

Updat ed Kasten 1965 to Kasten and Young 1989. Very smmll differences in air mass cal cul ations at high solar
zeni th angl es.

Ozone Opti cal

Air Mass

For mul a

[ Ref erence 10]

Updated to Komhyr et. al. 1989. The ozone layer is no |longer fixed at 22km The ozone | ayer
height is adjusted by latitude to provide a nore accurate
representation of the ozone height |ayer.

Wat er Vapor
Optical Air
Mass

[ Ref erence 11]

I mpl emrent Kasten 1965. Account for the water vapor optical air mass.
Wat er Vapor A

and B

Coefficients

Recal cul at ed

[ Ref erence 12]

Wat er vapor transm ssion (Tw) was nodel ed as Tw

= exp[ -A(mw) B] using the radiative transfer code
from Al exei Lyapustin. Constants A and B are

unique to the particular filter and wis the vertical
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col um wat er vapor content.

I mproved wat er vapor cal culations by up to 20%

Rayl ei gh

[ Ref erence 13]

Rayl ei gh equati on suggested by Bodhaine et. al.

(1999)

<0. 001-0. 007 change in the tR depending on | atitude and
el evation.

H20

[ Ref erence 14]

Absorption optical depth conputed for channels

1020 and 1640nm using instantaneous water vapor

cal culation (derived fromthe channel 940nn).

Affects channels 1020 and 1640nm

Eart h- Sun

Di st ance

[ Ref erence 15]

The effective Vo is calculated using the earth-sun

di stance correction.

I nproved cal cul ation of the effective Vo for each wavel ength.
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The corrections to the AOD retrievals, as with the water vapor retrievals, uses
individual filter functions in our analysis available since 1997, prior to that batch
average filter functions were applied because transmttances were not neasured

for all filters. Gven our inproved filter tracking and conputational horsepower in
V2S we are now convol ving each spectral band pass to the solar spectrum

eval uating O3 and NO2 absorption cross sections absorption spectra at 0.1 nm
resolution. Conpared to the previous center wavel ength analysis this nmakes a
difference of only a few thousandths and overall is likely randomy distributed.
Batch averaged filter functions are processed identically and can be raised to

| evel 2 status.

Optical Airmasses: We have inplenented optical airmasses in our algorithns
for Rayleigh, H2O, O3 as detailed in Table A. 3.

What is yet to cone in V2S?
Three additional products will cone on line for V2S:
+ SeaPRi SM ocean | eavi ng radi ances driven by G useppe Zibordi,

- the tf and tc and eta from AOD observations devel oped by Norm O Neil |
« direct normal spectral irradiances

These will be released and announced over the next few weeks as we eval uate
the new al gorithns and deternine the screening criteria for level 2 quality
assurance. Al so under evaluation for V2S will be cloud screening options and

the potential for corrections fromstation observations.

A.5 Application of V2 to UAE

In order to assess the overall inpact of the new V2S changes to a range of
conditions we have conpared the nonthly averaged AOD in the mdvisible (500

nm and colum integrated water vapor at four unique sites during the UAE2
canpaign: Sir Bu Nair Island, MAARCO (coastal site), Mezira (inland | ow desert),
Jabal Hafeet (high elevation interior. Table A 4).

The data show that the AOD was reduced on average of |ess than 0.01 which
is close to our theoretical expectations. The largest effect is due to air pressure
for conputation of Rayleigh optical depth. Expectations would have the | argest

Table A 4, The Septenber conparison of water vapor and aerosol optical depth
V1 V2Ss

Site AOD (500 nm PW (cm) AOD (500 PW (cm
nm

Sir Bu Nair 0.48 2.86 0.47 2.85

MAARCO 0.45 2.69 0.45 2.54

Mazira .38 2.29 0.38 2.23

Jabal Hafeet .33 1.65 0.32 1.61
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ef fect on Jabal Hafeet due to nore precise elevation conputation of air pressure
in version 2. The water vapor retrievals are closer than expectations. Non UAE
conparisons indicate a 15% decrease in version 2 but during the UAE2

canpai gn the decrease was from1l to 6 % This bears further investigation and
conparison to mcrowave radioneters and radi osonde data taken during the

canpai gn.

A. 6 SeaPRI SM ocean | eavi ng radi ances

The SeaPRISMis a AERONET site adapted to neasure the reflected energy
fromthe ocean surface when nopunted on a platform above the sea surface (Fig.
3). Abu al Bukoosh (ABK) oil platformwas used as the neasurenent site from
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Sept enber through Decenber 2004. This is a new application of the AERONET
measurenment programthat potentially is capable of replacing very expensive
ocean optics systens. Zibordi et al provided a systematic conparison between
the two systens showi ng scientifically acceptable conparisons for ocean col or
research. Those and all previous conparisons were in relatively |ow optical
depth midl atitude environnents. The high aerosol regine of the Arabian Gulf
provi ded uni que opportunity to assess the SeaPRI SMtechni que under dust and
fossil fuel em ssions. Figure 4 shows prelimnary ocean | eaving radiance
observations in reflectance units fromthe ABK site. These val ues represent

Fi gure A. 3, AERONET radi oneter showi ng the view ng nodes of the SeaPRl SM

UAE2 First year report. Aug 1, 2005

expected deep water values and will be used to assess over water aerosol
retrievals fromsatellites.

Further assessments of the AERONET data will be nade fromthe collected

data set including a robust assessnment of the new AERONET inversion

al gorithnms expected in Septenber. Further synergismwith |idar and

hyperspectral satellite data will be pursued along with radiative forcing estinmates
under dust and pollution conditions. AERONET thanks the foresight of DWRS

for supporting the UAE2 canpai gn and particularly support for the mesoscal e
network established for this canpai gn. AERONET, NASA and the scientific

conmmunity will greatly benefit from continued collaboration with DWRS.

Figure A 4 The conputed hemi spherical reflectance vertical axis vs spectral wavel ength
(nm show reasonable values for a famly of ABK curves representing a variety of
conditions and tinmes of day.
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B.0 Spatial and Tenporal Variability of Aerosol Optical Depth in the UAE
Princi pal Investigator: Thomas F. Eck, University of Maryland, Baltinore County
and NASA- GSFC

Co-Investigator: Brent N. Hol ben, O eg Dubovik, Alexander Smrnov, A. Sinyuk,

J. S. Reid, D. Gles, J. S. Schafer

B.1 Nature of problem

In this investigation we are studying the spatial distribution of the atnmospheric
aerosol optical depth (AOD; integrated vertical aerosol extinction) and the
tenmporal dynami cs of AOD. The spectral dependence of the aerosol optical

depth provides information on the relative optical influence of the coarse node
particles (desert dust) versus the fine node particles from pollution sources.
Informati on on ACD nmagni tude and spectral dependence is inportant in

deternm ning the potential climtic effects of aerosol perturbations to the radiation
budget and al so in nmaki ng atnospheric corrections for satellite retrievals of earth
surface properties. Additionally, the data provided by the ground-based Aerosol
Robotic Network (AERONET) sun-sky radi oneters are very inportant in

validating satellite retrievals of AOD. The geographical |ocation of the UAE
includes strong desert dust aerosol sources fromthe arid |lands in the region, and
al so strong pollution particle sources from petrol eum and natural gas processing
facilities. This variability of atnpspheric particle type and size in conjunction with
highly variabl e regional nmeteorology results in sone days that are dom nated by
large particle desert dust, sone dominated by fine particle pollution, and nany
days that are a mixture of the two aerosol types. This study attenpts to quantify
the dynamics of AOD in the |ate summer season in the UAE. In the near future

when new retrieval products derived from sky radi ance scans becone avail abl e,

we intend to study the dynam cs of aerosol size distribution retrievals and aerosol
absorption al so.

B. 2 Executive sumary

A tinme series of daily average AOD at 500 nm from August 9 though Cctober

1, 2004 for four AERONET station sites in the UAE is shown in Figure B.la. It is
noted that the 500 nm AOD is typically quite high in this season, exceeding ~0.3
on nost days. The ~2 nonth average AOD for the island site of Sir Bu Nuair

(0.50) and the coastal site of Umm Al Quwain (0.53) are approxinately 25%

hi gher than for the two inland sites in the desert, Mezaira (0.40) and SMART
(0.44). The SMART site is located at the Al Ain airport. The higher AOD for sites
in or bordering the Arabian Gulf nay be due to the conbination of very high
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hum dity at these sites coupled with sources of fine node particle pollution
originating frompetroleumindustry operations at offshore platforms, on islands,
and on the coast. These fine npde aerosols contain sulfates that are very
hygroscopic, therefore they grow in size in high hunmdity environnents, which
thereby increases the particle scattering optical depth. The tinme series of the
daily average Angstrom wavel ength exponent (conputed from 440 to 870 nm

UAE2 First year report. Aug 1, 2005

AOD data) for the same sites and dates is shown in Figure B.1b. The Angstrom

wavel ength exponent is the slope of the AOD versus wavel ength in logarithmc
coordinates, and is a basic nmeasure of the optically active particle size. An
Angstrom wavel engt h exponent of near zero occurs when all aerosol particles

are large (radius greater than 1 nmicron), while at the other extreme an Angstrom
wavel ength exponent of 2.0 occurs for fine node pollution or snoke particles
(radius less than 0.3 nmicrons). At the four UAE sites in Figure B.1b, the Angstrom
exponent averages 0.75 for the Gulf island site of Sir Bu Nuair, 0.63 for the
coastal site of Um Al Quwain, and 0.56 and 0.50 at the inland desert sites of
Mezai ra and SMART respectively. Therefore the higher Angstrom exponent

values for the Gulf sites indicate that fine node pollution particles are present in
greater concentrations there than at inland sites. It is also noted in Figure B.1b
that the Angstrom exponent is quite variable, ranging from-~0.2 to ~1.6, as a
result of sone days being dom nated by strong desert dust events and sone

days where pollution aerosol in predom nant.

We conpare the AOD and Angstrom exponents at Dhadnah, |ocated near the

coast of the Gulf of Oman and at Umm Al Quwai n near the Arabian Gulf coast in
Figure B.2. These two sites are at the sanme |latitude and both are |ocated at
relatively low altitude (<80 m) but are ~70 km apart in the east-west direction with
a nmountain range between them Scatter plots of daily average nmatched AOD

and Angstrom exponents in Figure B.2 show that there is relatively high

correlation in AOD between the sites (~52% of the variance explained) and even

hi gher in Angstrom exponent (~78% of the variance expl ained). Therefore on

PP OOOOO
NOowoO MNO

220 230 240 250 260 270

UAE Aug. 9- Cct. 01 , 04 - Level 2.0 Data

Sir Bu Nuair Ave = 0.50

Umm Al Quwai n Ave = 0.53

Mezaira Ave = 0.40

SMART Ave = 0.44Aerosol Optical Depth (500 nm
Day of Year

NPk, P OO
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UAE Aug. 09- COct. 01, 04 - Level 2.0 Data

Sir Bu Nuair Ave = 0.75

Um Al Quwain Ave = 0. 63

Mezaira Ave = 0.56

SMART Ave = 0.50Angstrom Exponent (440-870 nm

Day of Year

Figure B.1 Tinme series of AOD and Angstrom exponent at 4 AERONET sites in the UAE.
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nost of the days in August and Septenber 2004 the nountain range in the

northern UAE between these sites did not act as a separation barrier for aerosol
type, as the aerosol size mixture was very simlar on both sides of the npuntains.
These plots are prelimnary and the correlations will increase when the data are
matched in day and tinme rather than matched in day only as in Figure B.2.

Measurements were al so nade at the top of the npuntain ridge at Jabal

Haf eet at 1059 neters altitude were conpared to nmeasurenents made at the

SMART site in Al Ain at 250 neters in order to investigate the vertical partitioning
of AOD in the region. The sites were only 28 km apart in horizontal distance but
differed in altitude by about 800 neters. The ACD at both sites were very highly
correlated as expected fromtheir close horizontal proximty, while the ACD at

Jabal Hafeet averaged 75% of the value neasured at the SMART site. Therefore

only ~25% of the total columm aerosol AOD was attributed to the | ower 800

meters above ground level. This altitude difference is simlar to the altitude

di fference between the coast and the nountain range separating the sites of

Dhadnah and Umm Al Qwai n. Therefore since ~75% of the AOD occurs above

the altitude of the mountain ridge this explains the high correlation between these
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sites separated by the nountains, as shown in Figure B.2.

Aerosol Optical Depth (500 nnm) Angstrom Wavel engt h Exponent (440-870 nm
Arabian Gulf vs. Gulf of Owan ConparisonArabian Gulf vs. Gulf of Oman Conparison
Dai |y Averages (Dhadnah - Level 1.5) Daily Averages (Dhadnah - Level 1.5)

0.17764 + 0.59701x R= 0.71772
(500 nm - Umm Al Quwai n

8||o<ooo\|cnm4>mr\)

K PPPOOOOOPKIRPOOOOOOOO

0.013147 + 0.99927x R= 0. 88249
P (440/868) - Umm Al Quwain

MNX I ANO®OOANO

0.
0.40.60.811.21.40.00.20.40.60.81.01.21.14

AOD (500 nnm) - Dhadnah VWEXP (439/869 nn) - Dhadnah

Figure B.2 Scatter-plots showing correlation of AOD and Angstrom exponent
bet ween northern UAE sites separated by a nountain range.
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Fi gure B.3. AOD conparison at the Jabal Hafeet and SMART sites which are only 28 km
apart in horizontal distance but differ in altitude by ~800 neters.
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C.0 An Overview of MPLNET Data Collected During the UAE2 Canpai gn
Principal Investigator: Ellsworth Judd Welton, NASA Goddard Space Flight
Center, Greenblet, M

The NASA M cro-pul se Lidar Network (MPLNET) [Welton et al., 2001]

consists of mcro-pulse lidar sites co-located with AERONET [ Hol ben et al., 1998]
sun photonmeters. Data sets and nore information on MPLNET are avail able on

our website, http://nplnet.gsfc.nasa.gov. During UAE2, MPL systens were

depl oyed to both the MAARCO and SMART-COMM T sites. The m cro-pul se

lidar (MPL) systemis a single channel (523 nm), autononous, eye-safe |idar
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systemthat is used to deternmine the vertical structure of clouds and aerosols

[ Spinhirne et al., 1995]. Raw MPL data were acquired at 1-minute tine

resolution, and 75 mvertical resolution. The raw data were converted into

uncel ebrated lidar signals [Canpbell et al., 2002; Welton and Canpbel |, 2002]

and are used to infer the altitude of aerosol and cloud heights.

Figures C.1 and C. 2 display MPL signals from MAARCO and SMARTCOWM T,
respectively, during the entire canpaign. The x-axis displays the tinme

in UTC (day of year), and the y-axis altitude in kilonmeters. The colors represent
aerosol and cloud | ayers that have backscattered | aser pulses fromthe MPL.
Hotter colors indicate nore backscatter than cooler colors, deep blue shows the
free troposphere where only nol ecul ar scattering occurs. Aerosols were present
fromthe surface to 5 - 6 kmat both UAE2 sites during the experinment. The top of
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Figure C.1 MPL signals acquired at the UAE2 MAARCO site.
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Figure C.2 MPL signals acquired at the UAE2 SMART-COW T site.

the aerosol layer is visible as the pale blue-green layer bordering the free
troposphere. Periods of intense apparent backscatter (red and white) appear in
bot h MAARCO and SMART data sets, and are due to tenperature fluctuations in

the trailers. These effects are currently being calibrated to fix the problem and
final data will not be affected.

The MPLNET data will be used to characterize the height distribution of

aerosols during UAE2, and to study diurnal changes. The MPL al so di spl ays

areas of cloud and aerosol co-location (see days 243-246, the white scattering
layer at 6 kmis due to clouds). Such information is hel pful for studies of aerosol-
cloud interaction. Finally, MPLNET data will provide information needed to

hel p analyze satellite lidar data collected by new NASA sensors as they fly over
the Arabian Gulf region. Figure C. 3 shows |idar signals acquired by NASA’s

Geosci ence Laser Altineter System (GLAS) [Spinhirne et al., 2005] on the

| CESat spacecraft during October 2003. The orbit track crosses the United Arab
Em rates, and shows simlar aerosol height characteristics as observed during
UAE2. The conpl ex aerosol mxtures in this region present a problem for

accurate satellite lidar retrievals, and MPLNET data from UAE2 will be used to

hel p construct algorithm|ook-up tables to analyze GLAS data, and results from
NASA’s next satellite lidar - Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Cbservations (CALIPSO [Wnker et al., 2004] scheduled to launch in Septenber
2005.
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Figure C. 3. GLAS satellite lidar signals during an orbit track over the UAE in

Oct ober 2003.
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D. 0 Aerosol Retrievals Over Land and Water using Deep Blue Al gorithm
from SeaW FS and MODI S
Principal Investigator: N. Christina Hsu, NASA Goddard Space Flight Center

D.1 Nature of problem

When strong wi nds bl ow over the desert, mineral dust gets lifted fromthe
surface and into the atnosphere. Since these airborne particles sometines travel
very far distances fromtheir source regions, their mnicrophysical and optical
properties may change, thus creating different inpacts on the environment along
the transport pathway. The science questions we would |like to address are:

(1) How do m neral dust aerosols interact with solar radiation not only in the
downwi nd regions, but also over the source regions?

(2) Can we nonitor the novenents and track the evol utions of dust plunes
fromsources to sinks using satellite data?

By addressing these questions, we will obtain a better understanding of the

aerosol effects on the solar heating/cooling processes. Such an understanding is
crucial to inproving the prediction of aerosol and climte interactions (i.e., wnd
and precipitation patterns). Field canpaigns such as UAE2 provide us with

gol den opportunities to gain a detailed and conprehensive understandi ng of the

m neral dust and fine-nmode pollution aerosol properties. Information of this kind

is critical for inproving the accuracy of satellite aerosol retrievals, which rely on

the use of realistic libraries of aerosol characteristics. The neasurenents
obtained by aircraft and ground based instrunents help us to better interpret the
results of studies that use satellite observations to determ ne aerosol effects on
the radiation budget in the entire atnospheric colum. The experiences gained in
such canpaigns is extrenely valuable in helping scientists |learn the strengths

and weaknesses of satellite algorithns that use SeaWFS and MODI S data to

retrieve aerosol properties and to nonitor |large scale dust storns over desert

and sem -desert regions.

D. 2 Executive sunmary
During the UAE2 field canpaign, we used satellite neasurenents to provide a

"big-picture” look at the aerosol |oading distribution over the region. In particular,

we provided near-real tine SeaWFS aerosol products of aerosol optical

t hi ckness and Angstrom exponent over the region of interest during August and
Sept enber 2004 to support flight planning. For the post-mission analyses, we

now have MODI S aerosol products of aerosol optical thickness and Angstrom
exponent available fromboth Terra and Aqua over desert and semi -desert

regi ons, which we derived using the recently devel oped Deep Bl ue al gorithm

[Hsu et al. 2004]. The ability to conpare and contrast Terra (10:30 AM | ocal tine)
and Aqua (1:30 PMlocal tine) results fromthese products provided us with a
power ful new nethod to track the novenents and evol uti on of aerosol plunes

that were previously hard to detect over bright-reflecting source regions such as
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deserts. In Figure D., the RGB images and the retrieved aerosol optical thickness
at 500 nm are shown over the Mddle East for both sensors on 12 Septenber

2004. In the Terra i nages, we can see a few prom nent dust plunmes as they

began to develop over Irag. By the tinme Aqua passes overhead, the dust storm

had grown to cover an extensive area. W can also see the dispersal of a dust
plume in southern Saudi Arabia, while the intensity and | ocation of dust clouds
over Sudan remmined fairly constant.

We are currently analyzing these satellite data, in conjunction with the aircraft
and ground-based neasurenents, to conduct research such as the follow ng:

(1) Characterizing the tenporal and spatial variability of aerosol |oading over the
entire region of interest, including over desert and sem -desert areas for the
duration of the intensive observation period;

0.0 1.0 2.0

Aqua AOT

1:30 PM LST

9/ 12/ 04

MODI S/ Aqu

0.0 1.0 2.0

Terra AOT

10: 30 AM LST

MODI S/ Terra - 12 Septenber

9/ 12/ 04

Figure D.1 Dust storns frequently occur over places |like northern Africa and

sout hwest Asia all year round. Numerous dust clouds were observed from space

over Sudan, lraq, Iran, and the southern part of the Arabian Peninsula in this
Sept enber 12, 2004 satellite inmage from NASA’s Mderate Resol ution | maging
Spectroradi ometer (MODI'S) instrunents on the Terra and Aqua satellite. The
corresponding intensity of the dust plume is also depicted using a quantity called
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“optical thickness”. The higher the dust optical thickness, the nore dust.
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