






Ozone Facts 

SCIENCE QUESTIONS 

Is the stratospheric ozone layer recovering? 

T
he stratospheri c ozone layer shields life 
on Ear th from harmful solar ultraviolet 
(UV) radiation (waveleng ths shorrer than 

340 nm). Research has clearly shown that 
excess exposure to UV radiation is harmful to 

agriculture and causes skin cancer and eye 
ptoblems. Excess UV radiation may suppress 
the human immune system . 

O zone is formed naturally in the srratOsphere 
rhrough break-up of oxygen molecules (0 2) by 
solar UV radiation. Individual oxygen atoms 
can combine with 0 2 molecules to form ozone 
molecules (0 3). O zone is des troyed when an 

Stratospheric Chemical Processes 
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The stratospheric ozone layer shields us from 
solar ultraviolet radiation. Chemicals that destroy 
ozone are formed by industrial and natural 
processes. With the exception of volcanic injec
tion and aircraft exhaust, these chemicals arrive 
in the stratosphere through the tropical upwelling 
region. Methane (CH4), chlorofluorocarbons 
(CFCs). nitrous oxide (N20) and water are injected 
into the stratosphere through towering tropical 
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ozone molecule combines with an oxygen atom 
to form twO oxygen molecules, or throug h 
catalytic cycles involving hydrogen, ni trogen, 
chlorine or bromine containing species . The 
atm osphere maintains a natural balance 
between ozone formation and destruction. 

The namral balance of chemicals in the srratO
sphere has changed , particularl y due to the 
presence of man-made chlorofluorocarbons 
(CFCs). CFCs are non-reactive and accumulate 
in the atmosphere. They are des troyed in the 
high stratOsphere where they are no longer 
shielded from V rad iation by the ozone layer. 
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cumulus clouds. These compounds are broken 
down by the ultraviolet rad iation in the strato
sphere . Byproducts of the breakdown of these 
chemicals are radicals such as N02 and CIO that 
cata lyze ozone destruction. Aerosols and clouds 
can accelerate ozone loss through reactions on 
cloud surfaces. Thus volcanic clouds and polar 
stratospheric clouds can indirectly cont ribute to 
ozone loss . 
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Polar Stratospheric Clouds 
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Thin clouds made of ice, nitric acid , and sulfuric acid mixtures form in the polar stratosphere when tem
peratures drop below -88 C (-126 F). In such polar stratospheric clouds (PSCs) active forms of ch lorine 
are released from their reservoirs. This particular PSC appeared over Iceland at an altitude of 22 km on 
February 4 , 2003. Its beautiful colors result from refraction of sunlight by its very small ice crystals. 

Destruction of CFCs yields atomic chlorine, an 
efficient catalyst for ozone destruction. Other 
man-made gases such as nitrous oxide ( 20 ) 
and bromine compounds are broken down in 
the stratosphere and also participate in ozone 
destruction. 

Satelli re observations of the ozone layer began 
in the 1970s when the possibili ry of ozone 
depletion was juSt becoming an environmental 
concern. AS.Ns Toral Ozone Mapp ing 
Spectrometer (TOM ) and tratospheric 
Aerosol and Gas Experiment ( AGE) have 
provided long-term records of ozone. In 1985 
the British Antarctic urvey reported an unex
pectedly deep ozone depletion over Antarctica. 
The annual occurrence of this depletion, popu
larly known as the ozone hole, alarmed scien
tistS. pecially equipped high-altitude NASA 
aircraft establi shed that the ozone hole was 
due to man-made chlorine. TOMS and SAGE 

data also showed smaller but significant ozone 

continues on page 4 

Ozone Warms the Stratosphere 

From the surface, temperatures decrease with 
altitude. Then , in the stratosphere, tempera
tures begin to rise, because ozone absorbs 
so lar UV energy, heating the stratosphere. 
Above 50 km ozone heating falls off and the 
temperatures decrease again. Above 80 km 
very high energy solar radiation begins to heat 
the atmosphere again . 
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When we try to 

pick out anything 

by itself we find 

it is tied to 

everything else 

in the universe. 

John Muir 

(1838-1914) 

U. s. naruraJist, 

explorer 

SCIENCE QUESTIONS 

losses outside the Antarctic region. In 1987 
an international agreement known as the 
Montreal Protocol restricted CFC production. 
In 1992, the Copenhagen amendments to the 
Montreal Ptotocol set a schedule to eliminate 
all production of CFCs. 

Severe ozone depletion occurs in winter and 
spring over both polar regions. The polar strat
osphere becomes very cold in winter because of 
the absence of sunligh t and because strong 
winds isolate the polar air. Stratospheric tem-

TOMS Global Ozone Compared with Model 
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peratures faU below -88 C. Polar stratospheric 
clouds (PSCs) form at these low temperatures . 
The reservoir gases HCJ and CJO O2 react on 
the surfaces of cloud particles and release chlorine. 

Ground-based data have shown that CFC 
amounts in the troposphere are leveling off, 
while data from [he H alogen Occultation 
Experiment (HALOE) on the Upper 
Atmosphere Research Satellite (UARS) have 
shown that amounts of HCl , a chlorine reser
voir that is p roduced when CFCs are broken 

fl Comparing models with observations allows 
t'J us to check how accurately we can predict 
~ stratospheric ozone trends . In the image to 
z 
~ the left, TOMS global ozone measurements 
e (Nimbus 7, Meteor 3 , Earth Probe) show 
ffi that ozone has a strong annual cycle, and 
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decreases following a major volcanic erup
tion. Global ozone has decreased overall by 
about 3% since 1980. A model that calcu-
lates annual mean ozone amounts com
pares favorably with TOMS observations 
and predicts ozone layer recovery after 
2020. The model total ozone varies slowly 
due to the ii-year solar cycle. Aura's OMI 
will continue the TOMS total ozone record. 

UARS HALOE measurements 
of stratospheriC chlorine (HCI) 
at 55km show that internation
al controls on CFCs are work
ing. HCI amounts have leveled 
off and are now decreasing. 
Aura 's MLS will continue the 
HALOE HCI record. 
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apart, are level ing off as well (See Global HCl 
fig ure). Recent studies have shown that the 
rate of ozone depletion is also decreasing. 

Recovery of the ozone layer may not be as sim
ple as eliminating the manufacture of CFCs. 
Climate change will alter ozone recovery 
because g reenhouse gas increases will cause 
the stratosphere to cool. This cooling may 
temporarily slow the recovery of the ozone 
layer in the polar regions , bur wi ll accelerate 
ozone recovery at low and middle latitudes. 

What will Aura do? 

Aura's instruments will observe the important 
sources, radicals, and reservoi r gases active in 
ozone chemistry. Aura data wil l improve our 
capabi lity to p redict ozone change. Aura data 
will also help untangle the roles of transport 
and chemistry in determi ning ozone trends. 

The Upper Atmosphere 
Research Satellite 
The first comprehensive satellite measurements 
of stratospheric gases, solar particle and radia
tion fluxes and upper atmosphere winds were 
made by NASA's Upper Atmosphere Research 
Satellite (UARS). UARS was deployed in 1991 
from the Space Shuttle Discovery and continues 
to gather data from five of its 10 instruments. 
UARS was designed to study the chemistry and 
dynamics of the middle and upper stratosphere 
while Aura is designed to study the lower strato
sphere and upper troposphere. Aura will continue 
many of the measurements pioneered by UARS. 

umpgal.gsfc.nasa.gov/ uars-science.html 

Winter Polar Ozone in the Northern/Southern Hemisphere 

Northern Hemisphere 

At both polar regions, climate and chem
istry combine to deplete ozone during 
spring months. Dark blue indicates low
est ozone amounts. Arctic total ozone 
amounts seen by TOMS in March 2003 
(above, left) were among the lowest ever 
observed in the northern hemisphere. 

Southern Hemisphere 

The Antarctic ozone hole of 2003 
(above, right) was the second largest 
ever observed. The dark blue indicates 
the region of maximum ozone depletion. 
TOMS images (below) illustrate the 
development of the ozone hole during 
the 1980's and 1990's. 
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Air Quality Facts 

SCIENCE QUESTIONS 

What are the processes controlling air quality? 

Agriculture and indus trial act ivi ty have 

grown dramaticall y along with the 

human population. Consequen tly, in 

parts of the world increased emissions of pollu

tanes have signiEcanrly degraded air quality. 

R espiratOry problems and even premature 
death due to air pollution occur in urban and 
some rural areas of both the industrialized and 

developing countries . Wide-spread burni ng for 
agricultural purposes (biomass burn ing) and 

forest fIres also con tribute to poor air quality, 
particularly in the tropics. The lis t of culprits 
in the degradation of air quality includes tro

pospheric ozone, a toxic gas, and the chemicals 

that form ozone. These ozone p recursors are 
nitrogen oxides, carbon monoxide, methane, 

and other hydrocarbons. Human activi ties such 

as biomass burning, inefficient coal combus
tion, other industrial activities, and vehicular 

traffi c all produce ozone precursors. 

Forecasting Severe Pollution Events 

NASA is working with the Environmenta l 
Protection Agency and the National Oceano
graphic and Atmospheric Administration to exam
ine how models will be used to forecast pollut ion 
events . Mode ls use satellite data to begin a fo re
cast . Sate ll ites launched before Aura provide 

The U.S. Envi ronmental Protection Agency 

(EPA) has identifi ed six criteria poll u tants: 

carbon m onoxide, ni trogen d ioxide, sulfur 
dioxi de, ozone, lead, and particulates (aerosols). 

Of these six pollutants, ozone has proved 

the mos t difficult to control. O zone chemistry 
is comp lex mak ing it d iffi cult to q uantify 

the contri buti ons to poor local a ir q uality. 

Pollutant emission in ventories needed for pre
d icting air q uality are uncertain by as m uch as 

50 percent. Also un certain is the amount of 

ozone that enters the troposphere from the 
stratOsphere. 

For local govern ments struggling to meet 
nati onal air q uali ty standards, knowi ng more 

about the sources and transport of air poll u
tants has becom e an important issue. Most pol
luti on sources are local but satelli te observa

ti ons show that winds can carry poll utants for 

g reat d istances, for example from the western 

rough estimates of ozone and aerosols . Aura will 
provide more detailed maps of pollutants such as 
ozone and N0 2 that can be combined with weath
er forecast models . These two images from the 
EPA AirNow webs ite illustrate what these mode ls 
will be able to do. The images show that the area 

of unhealthy surface 
ozone (red) moves from 
Tennessee (left panel) 
to eastern Pennsylvania 
and New Jersey (right 
panel) in the course of 
three days . In addition 
to forecasting. sate llite 
data and models can 
discriminate between 
locally produced 
pollution and pollution 
that is brought by 

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA) AND NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION (NOAA) 
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The Sources of Tropospheric Ozone 

Tropics 

Troposphere 

Enhanced Ozone 
Urban Pollution, 
VOCs, CO, NO. 

Mid-latitudes Poles 

Tropospheric ozone comes from several sources. 
Biomass burning and industrial activity produce CO 
and volatile organic compounds (VOCs) which are 
oxidized to form ozone. Nitrogen oxides (NOx) from 

industrial processes , biomass burning, automobile 
exhaust and lightning also form tropospheric 
ozone. A sma" amount of tropospheric ozone also 
comes from the stratospheric ozone layer. 

and mid-western states to 
the east coast of the nited 
tates, and sometimes even 

from one continent to anoth
er. O bservations and models 
show that pollutants from 
outheast Asia conrribute to 

pOOt air quality in India. 
Pollutants ctossing from 
China to J apan reach the 
west coast of the United 
tates. Pollutants originat

ing in the United tates can 
reduce ai r quality in Europe. 
Precursor gases for as much 
as ten percent of ozone in 
surface air in the Unired 
States may originate outside 
the counrry. We have yet to 
quan tify the extent of inter
regional and in ter-con tinen
tal pollution rransport. 

continues on page 8 

SCIAMACHY Measurement 

SCIAMACHY is a German, Dutch and Belgian instrument on the 
European Space Agency Envisat satellite. SCIAMACHY is able to est~ 
mate the monthly average of tropospheric N02 amounts over the United 
States. High levels of N02 correspond to urban locations and special 
emission sites like power plants. OMI will make similar measurements 
with higher horizontal resolution and daily global coverage. 
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The strongest 

arguments prove 

nothing so long 

as the conclusions 

are not verified 

by experience. 

Experimental science 

is the queen of 

sciences and the goal 

of all speculation. 

Roger Bacon 

13th Century English 

philosopher, scientist 

SCIENCE QUESTIONS 

Long Range Pollution Transport 

The atmosphere can transport pollutants long 
distances from their source. Satellite measure
ments by EOS Terra's MOPITI instrument 
have shown carbon monoxide streams extend
ing almos t 18,000 km from their source (this 
page). TOMS has tracked dust and smoke 
events from Northero China to the eas t coast 
of the Uni ted States (see back cover). 

On Jul y 7, 2002, MODIS on EOS-Terra and 
TOMS captured smoke from Canadian forest 
fires as the winds transported it southward (see 
page 9). This po llution event was respons ible 
for elevated surface ozone levels along the east 
coas t. TOMS has high sensi ti vi ty to aerosols 
like smoke and dust when they are elevated 

Carbon Monoxide 
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above the surface layers. OMI will make simi
lar measurements with better spatial resolution 
and will provide new information about 
aerosol characteri sti cs. 

What will Aura do? 

The Aura instruments are designed to study 
tropospheric chemis try ; together Aura's instru
ments provide global m onitoring of air pollu
ti on on a daily basis . They measure five of the 
six EPA criteria pollutants (all except lead). 
Aura will provide data of su itab le accuracy to 

improve industrial emission inventories, and 
also to help distinguish between industrial and 
natural sources. Because of Aura, we will be 
able to improve air quality forecast models. 

03 60 90 120 150 

03 60 90 120 150 

150 190 230 

CO (ppbv) 
South America and Africa produce plumes which 

Biomass burning and urban pollution plumes can propagate into the South Atlantic. The African 
be followed using measurements of CO from plume also propagates into the Indian Ocean . 
MOPITI on EOS Terra. Agricultural burning in Biomass . Burning in Southeast Asia produces 

a plume that extends across the Pacific. 
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Two Satellite Views of Pollution Transport 

MODIS July 7 ortho-rectified image shows smoke streaming 
southward from forest fires (red) in Canada. 

TOMS July 7 image shows smoke streaming southward from 
forest fires in Canada. 

Upper image shows raw RGB MODIS view of July 7, 2002 
smoke event. Lower image shows aerosol large mode particle 
fraction estimated using other MODIS data. Particles coagu
late with time , so the largest particles are seen farthest from 
the fire. 
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Climate Change 
Facts 

SCIENCE QUESTIONS 

How is Earth's climate changing? 

C
arbon dioxide and other gases trap 
infrared rad iation that would otherwise 
escape to space. T his phenomenon, the 

greenhouse effect, makes the Earth habitable. 
Increased atmospheric emissions from industri
al and agricultural activities are causing cli
mate change. Indus try and agriculture produce 
trace gases that trap infrared rad iation. T he 
concentrations of many of these gases have 
increased and thus have added to the green
house effect. ince the turn of the century, the 
global mean lower tropospheric temperature 
has increased by more than 0.4 C. This 
increase has been greater than during any other 
century in rhe last 1000 years. 

Ozone plays multiple roles in climate change, 
because it absorbs both ultraviolet radiation from 
the sun and infrared radiation from (he Earth 's 
surface. Tropospheric ozone is as important as 
methane as a greenhouse gas contributor to cli
mate change. An accurate measurement of the 
distribution of cropospheric ozone will improve 
climate modeling and climate predictions. 

Global Climate Change 

Aerosols are an important but uncertai n agent 
of cl imate change. Aeroso ls alter atmospheric 
temperatures by absorbi ng and scattering 
radiation. Aerosols can ei ther warm or cool 
the troposphere. Therefore, aerosols also mod
ify clouds and affect precipi tation. Sulfa te 
aeroso ls can reduce cloud droplet size, making 
clouds brighter so that they refl ect more solar 
energy. Black carbon aerosols strong ly absorb 
solar radiation, warming the mid- troposphere 
and reducing cloud formati on. Poor k now
ledge of the g lobal distribution of aerosols 
contribu tes to a large uncertainty in cl imate 
prediction. 

O zone absorbs solar radiati on, warmjng the 
stratosphere. Man-made ch lorofluorocarbons 
have caused ozone depletion, leading to lower 
temperatures. Low temperatures, in turn, lead 
to more persis tent polar stratospheri c clouds 
and cause further ozone deplet ion in polar 
regIOns. 

The chart at right distil1-
guishes among various 
human and natural agents 

The global mean radiative forcing of the climate system 
for the year 2000, relative to 1750 

of global climate change 
between 1750 and 2000. 
Greenhouse gases have ! 
been the most influential ~ .. 
agents of warming, and su~ ~ 
phate aerosols have been ~ 

<> 
the most influential agents ~ 

of cooling. Aura measure- [ 
ments will help climate mo~ ~ 

'j? 

els by measuring stratos- Sl .. 
pheric and tropospheric .~ 

i ozone and aerosol amounts. a: 

Aura measurements will 
also help untangle climate 
feedbacks by measuring 
upper tropospheric water 
vapor and cirrus clouds. 
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Increasing carbon dioxide also affeers the cli
mate of the upper atmosphere. Where the 
atmosphere is thi n, increasing CO2 emi ts 
more radiation to space, thus cooling the 
environment. Observations show that over 
recent decades, the mid to upper stratosphere 
has cooled by 1 to 6 C (2 to 11 F) primarily 
due to increases in CO2. This cooling wi ll 
produce ci rculation changes in the stratO
sphere that will change how trace gases are 
transported. 

Water vapor is the most important green
house gas. orne measurements suggest that 
water vapor is increasing in the stratosphere. 
This increase may be due to changes in the 
transport of air berween the troposphere and 
the stratOsphere caused by climate change, or 
it could be due to changes in the microphysi
cal processes within tropical clouds. More 
measurements of upper tropospheric water 
vapot, trace gases and particles are needed to 
untangle the cause and effect relationships of 
these various agents of climate change. We 
can verify climate models of the atmosphere 
only with global observations of the atmos
phere and its changes over ti me. 

What will Aura Do? 

Aura wiJJ measure greenhouse gases such as 
methane, water vapor, and ozone in the upper 
troposphere and lower stratosphere. Aura also 
will measure both absorbing and reflecting 
aerosols in the lower stratOsphere and lower 
troposphere, water vapor measurements inside 
the high tropical clouds, and high vertical res
olution measurements of some greenhouse 
gases in a broad swath (down to the clouds) 
across the tropical upwelling region. All of 
these measurements con tribute key data for 
climate modeling and prediction. 

UARS MLS Upper Tropospheric Water Vapor and EI Nino 

Sept 1996 normal year 

Sept 1997 developing EI Nino Year 

·50 -25 o 
deviation (ppmv) 

+25 

, .. 

+50 

Water vapor measurements from MLS on UARS show the contrast 
between 1996 (a "normal" year) and 1997 (an uEI Nino" year). In 
1996 the most convection and the highest mixing ratios for tropical 
upper tropospheric water vapor (red) occur over Indonesia ; the lowest 
mixing ratios for tropical upper tropospheric water vapor (blue) occur 
in the eastern Pacific . In 1997 the sea surface temperatures in the 
tropical eastern Pacific are much warmer than in 1996, and the 
region of intense convection shifts eastward away from Indonesia. 
The situation is reversed in 1997 from 1996 with the highest mixing 
ratios for upper tropospheric water vapor in the eastern Pacific , and 
very low mixing ratios over Indonesia. 

Earth Probe TOMS Aerosol Index 

Aerosols affect climate both directly by reflecting and absorbing sun
light and indirectly by modifying clouds. The TOMS aerosol index is an 
indicator of smoke and dust absorption. The image shows aeroso ls 
crossing the Atlantic and Pacific oceans. Dust f rom the Sahara 
desert is carried westward toward the Americas. Asian dust and 
pollution travel to the Pacific Northwest. 
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A U R A INSTRUMENTS 

High Resolution Dynamics Limb Sounder 

HIRDLS 

H 
lRDLS is an infrared limb-scanning 
radiometer measuring crace gases, 
temperature, and aerosols in the upper 

troposphere, stratosphere, and mesosphere. 
The instrument will provide critical informa
tion on atmospheric chemistry and climate. 
Using vertical and horizontal limb scanning 
technology HlRDLS wi ll provide accurate 
measurements with daily global coverage at 
high vertical and horizontal resolution. The 

niversiry of Colorado, the ational Center 
for Atmospheric Research ( CAR), Oxford 
University (UK) and Rutherford Appleton 
Laboratory (UK) designed the HIRDLS instru
ment. Lockheed Martin built and integrated 
the instrument subsystems. The National 
Environmental Research Council funded the 
United Kingdom participation. 

HIRDLS makes key contributions to each of 
Aura's three science questions. A summary of 
HlRDLS data products appears on page 29. 

Simulated HIRDLS Ozone Measurements 
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HIRDLS Contributions to 
Understanding Stratospheric Ozone 

The largest ozone depletions occur in the polar 
wi nter lower stratosphere. HIRDLS will 
retrieve high vertical resolution daytime and 
nighttime ozone profiles in this region. 

HIRDLS will measure N02, HN03 and 
CFCs, gases that playa role in stratospheric 
ozone depletion. Although international 
agreements have banned thei r production, 
CFCs are long-lived and will remain in the 
stratosphere for several more decades. By 
measuring profiles of the long-lived gases at 
l.2 km vertical resoluti on, from the upper trO
posphere into the stratosphere, HlRDLS will 
make it possible to quantify the transport of 
air from the troposphere into the stratosphere. 

HIRDLS spatial 
coverage has 
been simulated 
using an atmos-
pheric chemistry 
model. The 
HIRDLS instru-
ment team "flew" 
the spacecraft 
through the 
model to test the 
retrieval algorithm 
and demonstrate 
the ability of 

::; 
~ HIRDLS to map 
>-
w trace ozone. u 
~ Colors represent 13 
<f) 

ozone abundance "l 
0 at 16 km altitude. a: 
I 



HIRDLS Contributions to 
Understanding Air Quality 

HIRDLS will measure ozone, nitric acid, and 

water vapor in the upper troposphere and 

lower stratosphere. With these measurements, 

scientists will be able to estimate the amount 

of stratospheric air that descends into the 

troposphere and will allow us to separate natu

ral ozone pollution from man-made sources. 

HIRDLS Contributions to 
Understanding Climate Change 

HIRDLS will measure water vapor and ozone, 

both impoHant greenhouse gases. The instru

ment is also able to distinguish between aerosol 

types that absorb or reflect incomjng solar radia

tion. HIRDLS will be able to map high thin 

cirrus clouds that reflect solar radiation. 

Ozone Profile 
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HIRDLS high vertical resolution measurements 
have been demonstrated using model data. 
The solid line is the "true" profile taken from 
a model. The radiance that HIRDLS would 
observe is computed from this profile. The red 
horizontal lines show the ozone mixing ratio 
measurement and error retrieved with the 
HIRDLS algorithm. 
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Simulated HIRDLS Sampling 

The need for high horizontal resolution measurements 
of the stratosphere is illustrated above. Using a model , 
the long-lived trace gas N20 is transported by observed 
winds. The transport processes produce filamentary 
structures that are predicted but have never been 
observed globally. HIRDLS high horizontal resolution 
measurements will be able to observe these structures 
which are signatures of transport. 
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A U R A INSTRUMENTS 

Microwave Limb Sounder 

MLS 

M
IS is a limb scanning emiss ion 
microwave radiometer. MIS measures 
radiation in the GHz and THz fre

quency ranges (millimeter and subrnill imeter 
waveleng ths). Aura's MIS is a major techno
log ical advance over the MIS flown on UARS. 
MLS will measure important ozone-destroying 
chemical species in the upper troposphere and 
stratosphere. In addi t ion , MIS has a unique 
abili ty to measure trace gases i n the presence of 
ice clouds and volcanic aerosols. N ASA's J et 
Propulsion Laboratory (JPL) developed , built, 
tes ted, and will operate MIS. 

MLS contribu tes to each of Aura's three science 
questions. A summary of MIS data products 
appears on page 29. 

MLS Contributions to 
Understanding Stratospheric Ozone 

Aura's MLS will continue the CIO and HCl 
measurements made by UARS. These measure
ments will inform us about the rate at which 
stratospheric chlorine is des troying ozone. MLS 
will also provide the first global measurements 
of the stratospheric hydroxyl (OH) and 
hydropetoxy (H02) radicals rhat are parr of the 
hydrogen catalyti c cycle for ozone des truction. 
In addition, ML will measure btomine 
monoxide (BrO), a powerful ozone-des troying 
radical . BrO has both natural and man-made 
sources. 

Earth's Lower Stratosphere in 1996 Northern and Southern Winters 

NH 
20 Feb 
1996 

• 1.0 '0 5. 7.0 $A 11 to 0.$ 1.0 1.$ t.O 2.$ IOU " U U 3.. 

UKMO T (K) MLS HN03 (ppbv) MLS CIO (ppbv) MLS 03 (ppmv) 

MICHELLE SANTEE. IN WATERS . ET AL. " THE UARS AND EOS MICROWAVE LIMB SOUNDER (MLS) EXPERIMENTS: J. ATMOSPHERIC SCIENCES, 

VOL. 56, PP 194·218, 15 JAN 1999. 

UARS MLS simultaneously mapped key chemical 
constituents nitric acid , chlorine monoxide, and 
ozone over the winter polar regions in both 
Northern (upper) and Southern (lower) 
Hemispheres where the greatest ozone loss 
occurs. Aura MLS wi ll map these and other 
chemicals with better coverage and larger alti-
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tude range than UARS MLS. Together with 
HIRDLS, Aura MLS will measure an array of 
source, radical and reservoir gases in the active 
region of the polar stratosphere to give a com
plete picture of the ozone depletion process and 
predicted recovery. MLS will also make global 
measurements of BrO, OH and H02. 
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MLS Measurements of Water Vapor 

14 UARS MLS has made unprecedented 

22 \ 'Oll 26 km ):-.rrm\ 
measurements of water vapor in the 
lower stratosphere and upper tropo-

32 J"rpq-l\ sphere. The tropical measurements 
indicate the year-to-year percentage 

4b .l"pp"w variation in water vapor as a difference 
from the mean value at each level. 

~ 68 The upper tropospheric measurement 

I "" ' is possible because MLS can make 

.: measurements in the presence of thin 
III" clouds that block infrared measure-

147 t O(!M'''' 
ments. Air ascends slowly into the 

21 5 Il'pltl," 
stratosphere (above 16 km) carrying 
the water vapor signal from the tropi-

316 \,4 q ~ I !'P"' cal tropopause upward. 

~~~~~--~~~~~~~~~~~~ 
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MLS measurements of ClO and HCI will be 
especial ly important in the polar regions. The 
HCl measurements tell scientists how stable 
chlori ne reservoirs are converted ro the ozone 
destroying radical, ClO. Since the Arctic strat
osphere may now be at a threshold for more 
severe ozone loss, Aura's MLS data will be 
especially important. 

MLS Contributions to 
Understanding Air Quality 

MLS measures carbon monoxide (CO) and 
ozone in the upper troposphere. CO is an 
important trace gas rhat can indicate the 
exchange of air between the srrarosphere and 
troposphere. CO is also a tropospheric ozone 
precursor and its appearance in the upper trO
posphere can indicate strong verti cal transport 
from pollution events. 

F 1.1 " M 
1993 

WILLIAM READ, -DEHYDRATION IN THE TROPICAL 
TROPOPAUSE LAYER: IMPLICATIONS FROM UARS MLS: J. 
GEOPHYS. RES .. VOL. 109, NO. 06, 
DOI: l0 ,1029/ 2003_JD004056 . 2004 ." 

MLS Contributions to 
Understanding Climate Change 

ML 's measurements of upper tropospheric 
water vapor ice content, and temperature 
will be used ro evaluate models and thus 
reduce the uncertainty in climate forcing. 
MLS also measures greenhouse gases such as 
ozone and 20 in the upper troposphere. 
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A U R A INSTRUMENTS 

Ozone Monitoring Instrument 

OMI 
............................................................................................................... 

O 
MI is a nadir viewing spectrometer 
that measures solar refl ected and 
backscacrered light in a selected range 

of the ultraviolet and visible spectrum. The 
instrument's 2600 km viewing swath is per
pendicular to the orbit track, providing com
p lete daily coverage of the sunlit portion of the 
atmosphere. aMi is Aura's p rimary instrument 
for tracking global ozone change and will con
tinue the h igh quali ty column ozone record 
begun in 1970 by imbus-4 BUV. Because 
aMi has a broader waveleng th range and bet
ter spectral resolution, aMi wi ll also measure 
column amounts of trace gases important to 

ozone chemistry and air quality. aMI will map 
aerosols and estimate ultraviolet radiation 
reaching the Earth 's surface . aMi's hori zontal 
resolution is about four times g reater than 
TOM . 

T he etherlands Agency for Aerospace Pro-
g rams IVR) and the Finnish Meteorological 
Institute (FMI) contributed the aMi instru
ment to the Aura mission. The etherlands 
companies, Dutch pace and T 0 -TPD, 
together with Finnish companies, Patri a, VTI 
and S F, built the instrument. 

Tropospheric Ozone Map 

16 AU R A 

o 6 12 18 24 30 36 42 48 
DU 

aMI's contributes to each of Aura's three 
science questions. A summary of aMI data 
products appears on page 29. 

OMI Contributions to Understanding 
Stratospheric Ozone 

aMI will conti nue the 34-year satell i te ozone 
record of BUV and TOMS, mapping g lobal 
ozone change. aMi data will suppOrt 
Congressional ly mandated and international 
ozone assessments. sing irs broad waveleng th 
range and spectral resoluti on, aMi scientists 
will be ab le to resolve the di fferences among 
satellite and g round based ozone measure
ments. aMi will also measure the atmospheri c 
column of radi cals such as nitrogen dioxide 

0 ) and chlorine dioxide (OCIO). 

OMI Contributions to Understanding 
Air Quality 

Tropospheric ozone, nitrogen dioxide, sulfur 
dioxide, and aerosols are four of the U . S. 
Envi ronmental Protection Agency's six criteri a 
pollutants. aMi will map rropospheri c 
columns of sulfur dioxide and aerosols . aMI 
measurements will be combined with informa-

This monthly average map was 
made by subtracting the stratos
pheriC ozone column from TOMS 
column ozone. The stratospheriC 

1l :g column is calculated using UARS 
~ MLS measurements. Higher quality 
~ tropospheric ozone maps on a 
~ daily basis will be produced from 
~ OMI and HIRDLS data. 
~ 
N 
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tion from ML and HlRDL to produce maps 
of tropospheric ozone and nitrogen dioxide. 
OMI will also measure the tropospheric ozone 
precursor formaldehyde. cientists will use 
OMI measurements of ozone and cloud cover 
to derive the amount of ultraviolet radiation 
(UV) reaching the Earth 's surface. The 

Satellite Ozone Data and Forecast Predict Ozone Hole Breakup 

arional Weather Service will use OMI data to 

fo recast high UV index days for public heal th 
awareness. 

OMI Contri butions to Understanding 
Climate Change 

OMI tracks dust, smoke and industrial aerosols 
in the troposphere. OMI's measurements 
allow scientists to distinguish reflecting and 
absorbing aerosols and thus OMI measure
ments will help improve climate models. 

Aerosol Optical Depth 
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OMI will collect data on aerosol optical thickness in the ultraviolet 

with eight times better spatial resolution than TOMS instruments. 

Optical thickness in the ultraviolet tells scientists whether the 
aerosols absorb or reflect radiation ; this information is necessary 

for climate studies. The figure shows aerosol measurements 
(monthly average, August 1997) by ATSR-2 at an OMI resolution 

of 13 x 24 km. 
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KNMI (Royal Netherlands 
Meteorological Institute) forecast

ed the unusual splitting of the 
Antarctic ozone hole in 

September 2002. This six.<Jay 

forecast for column ozone on 
September 25 , 2002 used data 

from the European Space 
Agency's Global Ozone Monitoring 

Experiment (GOME) with the wind 
fields obtained from a data 

assimilation system. Subsequent 

satellite data verified the predic
tion. KNMI, NASA and NOAA will 

use similar aSSimilation tech
niques with OMI data to make 

regular forecasts of the amount 
and distribution of total column 
ozone. OMI will deliver data three 

hours after observation. 



A U R A INSTRUMENTS 

Tropospheric Emission Spectrometer 

YES 
............................................................................................................... 

, 
ES is an imaging Fourier Transform 
Spectrometer observing the thermal 
emission of the Earth 's surface and 

atmosphere, night and day. TE will measure 
tropospheric ozone and of other gases impor
tant to tropospheric pollution. Satellite tropos
pheric chemical observati ons are difficul t to 

make due to the presence of clouds. To over
come this problem TE was designed to 

observe both downward (in the nadir) and hor

izontally (across the limb). This observation 
capability provides measurements of the entire 
lower atmosphere, ftOm the surface to the 
stratOsphere. ASNs ]PL developed , bui lt, 
tested, and will operate TE . 

The TES primary objective is to measure trace 
gases associated with air quality. A summary 
ofTE data ptOducts appears on page 29. 

Ground Level Ozone 

With its pOinting capability 
and smal pixel size (5 x 8 
km) TES can detect 
changes in ozone levels in 
large urban locations such 
as Los Angeles . The 
orange and red areas rep
resent regions of unhealthy 
ozone levels. The orange 
area indicates ozone levels 
greater than 80 parts per 
billion by volume (ppbv) 
and the red area indicates 
levels greater than 125 
ppbv. 
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TES Contributions to Understanding 
Stratospheric Ozone 

TE lim b measurements extend ftOm the 
Earth 's surface to the midd le stratOsphere, and 
the TE spectral range overlaps the spectral 
range of HIRDLS. As a result , TE 's high 
resol uti on spectra will al low scientis ts to 

make measurements of some additional 
stratOspheric constituen ts as well as improve 
HIRDLS measurements of species common 

to both inst ruments. 

TES Contributions to Understanding 
Air Quality 

TE will measure the distri bution of gases in 
the troposphere. T ES will p rovide sim ul tane
OllS measurements of tropospheri c ozone and 
key gases involved in tropospheric ozone 
chemis rry, such as HN03 and CO. TES data 
wi ll be used to improve regio nal ozone pollu

tion models. 
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YES Simulated Data 

15 
Ozone Volume Mixing Ratio (ppbv) 

TES Contributions to 
Understanding Climate Change 

TE wi ll measure tropospher ic water vapor, 
methane, ozone and aerosols, all of which are 
relevan t to climate change. Additional gases 
importan t ro climate change can be retrieved 
from the TE specrra. 

73 

Harvard University's 
GEOS·CHEM model 
demonstrates that TES 
will observe the major 
features in tropospheric 
ozone on a single day. 
The top panel shows 
the GE05-CHEM simu
lated ozone field at 
681 hPa (about 3 .1 
km). The white areas 
are mountainous 
regions where the sur
face pressure is below 
681 hPa. The '+' signs 
on the bottom panel 
indicate Aura 's flight 
path and the locations 
of TES nadir measure
ments. White areas are 
found on the flight path 
where clouds obscure 
the entire TES footprint . 
The map in the lower 
panel is constructed 
from the simulated va~ 
ues at the '+' loca
tions . The simulated 
map reproduces many 
of the features found in 
the original model field. 
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Fields of view for Aura 's 
instruments appear in differ
ent colors : HIRDLS in yellow, 
OMI in blue, MLS in green, 
and TES in red . HIRDLS looks 
backward through the limb 
and scans the atmosphere's 
vertical profiles across the 
satellite track. MLS looks 
forward through the limb and 
scans the atmosphere vertical 
profiles along the satellite 
track. OMI looks downward 
and has a cross track swath 
of 2600 km. TES looks both 
in the nadir and limb and 
also has off nadir pOinting 
capability. 

A U R A MISSION 

Mission Synergy: Maximizing Science Results 

.................................................................................................... ........... 

The Aura instruments were selected and 
the sateJlite was desig ned to maximize 
science impact . The four Aura instru

ments have different fie lds of view and comple
mentary capabilities. The instruments all 
observe the same air mass within about 13 
minutes, a short enoug h time so rhe chemical 
and dy namical changes between observat ions 
are small. 

Stratospheric Ozone 

Unders tanding stratospheric ozone change 
involves measurements of both the ozone pro
fi le and the tOtal column amount, as well as 
the chem icals responsib le fo r ozone change. 

All of Aura's instrumen ts make ozone p tofile 
measurements. HlRDLS profiles have the 
hig hest vertical resol ution and extend from 
cloud topS to the upper stratosphere. ML 
measurements have lower vert ical resolution 
than HlRDLS, but ML can measure ozone in 
the presence of aerosols and upper tropospheri c 
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ice clouds. TE limb ozone measurements 
overl ap the measurements from H IRDLS and 
ML up to the middle stratosphere. OMI can 
also make broad ozone profile measuremen ts 
using a m odifi ed SBUV technique. 

To establ ish the scientific basis for ozone 
change, sc ientists must measure the g lobal d is
tr ibution of the source, reservoir, and rad ical 
chemi cals in the rutrogen, chlorine, and hydro
gen farill lies. Together, the Aura instruments 
fiJI this reqwremenr. For example, H IRDLS 
measures the halocarbons (chlorine source 
gases) and chlorine nitrate (one of the major 
chlorine reservoir gases), whi le MLS measures 
the radi cal chlorine monoxide and hydrogen 
chloride (the other major chlorine reservoir). 

Stratospheri c aeroso ls in.fluence ozone concen
trati ons th rough chemical p rocesses that trans
form ozone-destroyi ng gases. HIRDLS meas
ures stratospheri c aeroso ls with the best hori
zontal coverage and hig hest verti cal resolution 



........................................................................................................................................................ 

of Aura's four instruments. TES provides a 

backup for HIRDLS. MLS and HIRDLS both 

measure nitri c acid and ML measures HCI 
and chlorine monoxide (ClO), twO gases that 

are t ransformed by the chemical processes 

involving aerosols. 

Air Quality 

Meas uring tropospheric ozone and its precursor 

gases is a major goal fo r Aura. Aura's instru
ments provide twO methods of tracking ozone 

pollution. First, TE measures tropospheri c 

Aura Atmospheric Measurements 

Each of Aura 's four instruments provides unique 
and complementary capabilities to enable daily 
global observations of Earth's atmospheric ozone 
layer, air quality, and climate. The chart (above) 
summarizes the specific atmospheric physical 
properties and chemical constituents measured 
by each instrument. OMI also measures UVB flux 

ozone directly. The second es timate of the total 

tropospheric ozone amou nt can be obtained by 

subtracting HIRDLS stratospheric ozone m eas

urements from OMI's total column ozone 

measurements. A simi lar procedure can be 

used to estimate the tropospheric amount of 

O 2, an important ozone precursor. 

In the clear upper troposphere, Aura instru
ments provide overlapping measurements of 
CO (MLS, TES), H 20 (ML , TE , HlRDLS), 

continues on page 22 

and cloud top height and coverage. The altitude 
range for measurement appears as the vertical 
scale. In several cases instrument measurements 
overlap, which provides independent perspectives 
and cross calibration. These measurements will 
result in the most comprehensive set of atmos
pheric composition ever measured from space. 
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If the air is 

altered ever so 

slightly) the state 

of the psychic 

spirit will be 

altered perceptibly, 

Maimonides, 

12th Century 

p hil osopher 

HN03 (MLS, TES, H IRDLS). Carbon monox

ide (CO) is an ozone precursor and H 0 3 is a 

reservoir gas for N02. The combination of 

TES nadir measurements and MLS limb 

measurements throug h clouds wi ll provide 

important new information on the d istribution 

of CO and H 20. 

An emerging problem in air quality is the 

increasing amount of aerosols in the air we 

breathe . OMI measures aeroso ls, and dis tin

g uishes between smoke, mineral dus t, and 

other aerosols. Both TE and H IRDL meas

ure aerosol characteristics in the upper tropo

sphere to help understand how aerosols are 

transported. 

Climate Change 

Atmospheri c chemistry and climate are inti

mately connected. Ozone, water vapor, and 

Completing the Picture of Stratospheric Chemistry 

Chemical and transport processes have led to changes in the stratospheric 
ozone layer, and scientists need measurements of many different chemical 
species to puzzle out the causes for these observed changes. Measurements 
of ozone-destroying radicals such as CIO, N02, BrO and OH and reservoir gases 
such as N205, CION02 and HN03 help solve the chemical part of the puzzle. 
Measurements of long-lived gases such as N20 and CH4 tell scientists about 
the puzzling effects of transport . Ozone and some other constituents are meas
ured by all the instruments; some constituents like hydrochloric acid are meas
ured by only one. New Aura measurements , such as OH , will help us complete 
the picture . The new measurements are shown as detached pieces. 
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Simulated Tropospheric Ozone 

o Tropospheric Ozone (DU) 100 

Atmospheric scientists derive tropospheric 
ozone amounts by combining measurements 
from different satellites , such as subtracting 
stratospheric amounts from NASA's UARS 
MLS or NOAA's SBUV/ 2 instruments from 
TOMS column amounts. These show how tro
pospheric ozone is transported across conti
nents and oceans. Aura will provide more 
accurate tropospheric ozone by subtracting 
the HIRDLS stratospheric profiles from OMI 
column amounts as simulated in this figure . 
The high spatial resolution of these two instru
ments will provide data necessary to quantify 
chemical and dynamic processes controlling 
tropospheric ozone. 
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20 take part in tropospheric chemical 

processes and are also greenhouse gases . 

Changes in these and other greenhouse gases 

can upse t the atmosphere's heat balance and 

al ter climate. Measurements of these gases, 

their sources and sinks are essential if we are to 

unders tand how the climate is changing as a 

resul t of human activiry. All of the Aura 

inst ruments prov ide information on tropos

p heric ozone. 

Clouds and aerosols are also important contrib

utors to climate change. HIRDL and MLS 
will measure cirrus clouds. OMI wi ll measure 

aerosol dis tributions and cloud dis tributions 

and their heights. 
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Aura and the A-Train 

..................................................................................................... 

B
y 2006, Aura will be a member of a 
constellation of satellites flying in 
formation . This formation is referred 

to as the "A-Train." Flying with Aura in the 
A-Train are Aqua, Cloud at, CAllP 0 , and 
OCO. The French space agency, Centre 

ational d 'Erudes patiales (CNE ), plans to 

send a sixth satellite, PARA OL, to join the 
A-Train. All six satellites will cross the equatOr 
within a few minutes of one another near 1:30 
p.m. local time and again in the early morn
ing, about 1:30 a.m. 

While each satellite has an independent science 
mission, these complementary satellite obser
vations will enable scientists to obtain more 
information than they could using the observa
tions of a single mission. 

The A-Train formation allows us to focus on 
new science questions. For example: 

n What are the aero 01 type and how do 
ob ervations nnatch global emis ion and 
transport models? 

Data ftOm Aura's OMI will provide informa
tion on the global disaibution of absorbing 

The satellites of the A-Train . 

aeroso ls. Aerosol height informarion obtained 
by CADP 0 can be combined with data on 
aerosol size distribution and composi tion from 
PARASOL and Aq ua's MODIS. 

n W har is the role of polar stratOspheric 
clouds in ozone loss in the Antarctic 
vortex? 

Aura's ML and HIRDL will provide cloud 
height and temperature data, and ozone, ni rric 
acid and chlorine monoxide concentrarions. 
CALIP 0 measures precise polar stratOspheric 
cloud heigh t and cloud type. 

n What is the vertical di triburion of cloud 
water and ice in upper rropospheric 
cloud ystem? 

Aura's MLS will provide water vapor measure
ments in the p resence of clouds while CloudSat 
will measure cloud height. PARA OL will 
provide particle type informarion while Aqua's 
MODI will give particle size information. 
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The Aura Spacecraft 

.. .... ....................... .................................................................................. 

T
he Aura spacecraft provides 
the essential servi ces for 
operating the four scientific 

insrrurnents over rhe life of the 
mission. The spacecraft, based on 
the EOS Common Spacecraft 
design , was built by Northrop 
Grumman Space Technology and 
adapted for the Aura instrument 
payload. 

Building a complex spacecraft 
requires an engineering team 
with a diverse set of technical 
ski lls. The team has to trans late 
the scientific requirements of the 
mission into rhe technical 
requirements for the spacecraft to 
assure that when the subsystems 
and instruments are brough t 
together ro form the observarory 
(spacecraft p lus instruments), they 
function as one cohesive 
system. 

The spacecraft is made up of the 
following subsystems: command 
and data handling' commun ica
tions; elecuical power; electri cal 
distribution; guidance, naviga
tion and control; propulsion, 
software and thermal control. Each subsystem 
requires designers, eng ineers, analysts and 
technicians with specialized training. A team 
of integration and test specialists assembles the 
observatory and tests it as a sys tem, simulating 
the launch and on-orbit environments as close
ly as possible. For example, the spacecraft is 
exposed to vibrations simi lar to what it would 
experience during launch . As the observatory 
comes together, rhe flight operations team 
learns and practices how to operate the obser
vatory well before launch. 
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Spacecraft delivery 

Spacecraft assembly 

The Aura observatory wiJl be launched on a 
Delta II 7920 rocket from Vandenberg Air 
Force Base in California into a near polar, sun
synchronous orbi t of 438 mi (705 km), with a 
period of approximately 100 minutes and a 
1:45 PM equaror crossi ng time. The spacecraft 
repeats its ground crack every 16 days . 

Right, Spacecraft descending into thermal 
vacuum test chamber, October 2003. 
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A U R A MISSION 

Aura Validation 

V
alidation is the process by which scien
tists show that their space-based meas
urements have their expected accuracy. 

Validation of Aura measurements involves 
making similar atmospheric measurements 
from airplanes, balloons or ground-based sites. 
Scientists compare Aura data with cali brated 
measurements collected as the satellite passes 
overhead. 

Ground-based radiometers and spectrometers 
make column measurements similar to those fly
ing on Aura Lidars measure temperature and 
some trace gas constituent profiles. Aircraft such 
as the DC-8 (medium altitude) and the ER-2 
(high altitude) carry airborne spectrometers, 
radiometers, and air samplers to measure upper 
atmospheric constituents. 

Instruments on board the NASA DC-8 will 

measure tropospheric and lower stratospheric 

t race gases. 

26 AU R A 

The Aura validation program capi tali zes on 
routine sources of data such as the ozonesonde 
network and the Network for Detection of 
Stratospheric Change (NDSC). Balloon-borne 
instruments will measure profiles of stratospheric 
constituents up to 2S miles (40 km). Smaller 
balloons will carry water vapor instruments in 
the tropics to validate Aura's measurements of 
this important gas. Aircraft flights provide 
tropospheric profiles of ozone, carbon monoxide, 
and nitrogen species. Aircraft lidars will measure 
profiles of ozone and temperatnre for long 
distances along the satellite track. Scientists 
will also compare profiles of strarospheric 
constituents from Aura with those from other 
satellites, including the NASA UARS, the ESA 
Envisat, and the Canadian CISAT, and use data 
assimi lation techniques to identify systematic 
differences among the data sets. 

The Aura project has adopted a strategy to 

increase the scien tific return from the valida
tion program. Some of the validation activities 
will be embedded within focused science cam
paigns. These campaigns have been selected to 

obtain data needed to unravel comp lex science 
questions that are linked to the three main 
Aura science goals. Scientists will use the satel
lite data to understand the overall chemical 
and meteorological environment during the 
campaigns. Aircraft measurements will be used 
to both validate Aura data and address the 
science by making add itional measurements. 

This strategy emphasizes the strengths of 
both data sets. Campaign instruments make 
constituent measurements that are more com
plete than can be obtained from satell ites. 
Campaign data are obtained for much smaller 
spatial scales and with high temporal resolu
tion compared to satellite data. Aircraft mis
sions take place a few times each year at most 
and are limited to a small portion of the g lobe, 
while the Aura instruments will make g lobal 
observations throughout the year. The Aura 
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instruments will prov ide datasets th at wi ll te ll 

scientis ts whether or not the campaign obser

vations are truly representative of the atmos

phere's chemistry. 

Aura's focus on the upper troposphere and 

lower stratosphere (UTILS) p resents challenges 

for validation , because the T IlS exh ib its 

much m ore spatial and temporal variab ility 

(weather) than the mjddle and upper strato

sphere. The Aura validation program includes 

an instrument developm ent program and fie ld 

campaigns between O ctober 2004 and 

Aurumn 2007. 

High altitude aircraft will make in situ measurements of stratospher
ic and tropospheric constituents. Above, the Proteus, and below, the 
NASA ER-2 have been frequently used in satellite validation. 

NOAA CLIMATE MONITORING ANO DIAGNOSTICS LABORATORY 

Ground-based measurements from sites like 
the one pictured above at Barrow, Alaska , will 
provide a long time series of constituent 
measurements for validation . 
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Unpiloted aerial vehi
cles (UAVs), such as 
NASA's Altair shown 
above , will be used 
in Aura validation to 
make measurements 
along the satellite 
track. Aura is 
pioneering the 
use of UAVs for 
va lidation . 
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The EOS Aura Ground System 

T
he EOS Aura ground system has twO 
equally important functions: ro operate 
the Aura satellite, and ro process, archive 

and distribute the Aura data. A A's EO 
Data and Information System (EO DI ) sup
POrtS both of these. 

Operating the Aura Satellite 

Mission operations are based at the A A 
Goddard pace Flight Center in Greenbelt, 
Maryland. The Flight Operations Team at the 
EO Operations Center (EOC) will command 
and control the Aura spacecraft and instru
ments, moniror their health and safety and 
perform mission planning and scheduling. 
Instrument teams at A Ns JPL, University 
of Colorado and KNMI, Holland are responsi
ble for day-ro-day planning, scheduling, and 
moniroring of their instruments through the 
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EOC. The data co llected by the Aura instru
ments will be recorded onboard the spacecraft 
and relayed ro g round stations in Alaska and 

orway when the satellite passes overhead. 

Data Processing, Archive and 
Distribution 

The data wi ll be transmitted from the g round 
stations ro the EO Data and Operations 

ys tem (EDO ). From there the data for 
HIRDLS, MLS and OMI will be sent ro the 
Goddard Distributed Active Archive Center 
(DAAC); data for TE wi ll be sent ro the 
Langley Research Center (LaRC) DAAC. Each 
Science Investigaror-I ed Process ing System 
( IP ) wi ll receive the data from the DAAC 
for further processing. The SIPS will produce 
scientific data such as profi les and column 
amounts of ozone and other important atmos
pheric species. Each instrument team will 
moniror the dara products ro ensure that they 
are of high quality. The data products will 
then be sent back ro the DAACs where they 
will be archived. The DAACs are responsible 
for distribution of data ro scientists all over 
the world. 

Getting the data 

Researchers, govern ment agencies and 
educators will have unrestricted access ro 
the Aura data via the EOS data gateway 
(eos. nasa.gov/imswelcome). Data seekers 
can search for and order data from any of the 
EO DAACs. 



Aura Instruments and Data Products 

ACRONYM NAME 

HIRDLS High Resolution 
Dynamics Limb 
Sounder 

MLS Microwave Limb 
Sounder 

OMI Ozone Monitoring 
Instrument 

TES Tropospheric 
Emission 
Spectrometer 

C ONSTITUENT INSTRUMENT DESCRIPTION 

Profiles of T, 03, H2O, Limb IR filter radiometer 
CH4 , N20, N02, HN03, from 6 .2 to 17.76 ~m 
N20 5, CF3CI , CF2CI2, 1.2 km verti cal resolution 
CION02, aerosol up to 80 km 
composition 

Profiles of T, H20, 0 3' CIO, Microwave limb sounder 
BrO, HCI, OH, H0 2, HN03, from 118 GHz to 2.5 THz, 
HCN, N20, CO, cloud ice with 1.5-3 km vertical 
HOCI , CH3CN resolution 

Column 03' aerosols, Hyperspectral nadir 

N0 2, S02' BrO, OCIO, HCHO, imager, 1140 FOV, 
UV-B, cloud top pressure , 27()..500 nm, 13x24 km 
03 profiles footprint for ozone and 

aerosols 

Profiles of T, 03, N0 2, CO, Limb (to 34 km) and 
HN03, CH4 , H2O nadir IR Fourier transform 

spectrometer 3.2-15 .4~m 

Nadir footprint 5.3x8.5 
km, limb 2.3 km 

Man and Nature must work 

hand in hand The throwing 

out of balance of the resources 

of nature} throws out of balance 

the lives of men. 

F. D. Roosevelt, 193 5, 

Pres ident of the Unj ted States 
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Aura Education and Public Outreach 

N
ASA missions to study the Earth 
and other planets continue to inspire 
the next generation of explorers. 

Aura's three areas of science investigation
stratospheri c ozone, climate change, and air 
quali ty- are issues of everyday concern . 
Aura investigators have partnered with the 

mithsonian Institution, the American 
Chemical Society, and the GLOBE Program 
to reach multiple audiences. 

Hundreds of thousands of visitors to the 
Smithsonian Institution 's ati onal Museum of 
Natural History will have the opporrunity ro 
experience a new permanent exh ibi t based on 
Aura science, The Atmosphere: Change Is In 
the fur. The new exhibit resides in the Forces 
of Change exhibi t hall, where connections 
among land, oceans and atmosphere are 
explored. Interactive displays immerse vis itors 
in the early history, evolution, and structure of 
the atmosphere. orth rop Grumman Space 
Technology has contributed a one-eighth scale 
model of the Aura sateIJite to the exh ibit, and 
the Smithsonian 's Department of Education 
has developed learning activi ties for srudent 
group visits. In association wi th the ex.hibit, 
the Smithsonian Press will publish a book by 

obel Prize Winner, Sherwood Rowland, 
Atmosphere. 

By the time the Aura satelli te achieves orbit, 
every high school chemistry teacher in the 
U ni ted States wi \J have received four special 
issues of the high school magazine, Chem. 
Matters, devoted to Aura mission science, 
mathematics, engineering, and technology. 
The American Chemical Society (AC ) and 

ASA collaborated in the production of these 
magazines. The first issue (2001) introduces 
students to the Aura mission itself; the second 
issue (2002) portrays the professional and per
sonallives of the people who make Aura possi
ble; the third issue (2003) explores atmospher-
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ic chemistry and transport; and the fourth 
issue (2005) wi ll focus on Aura results. In asso
ciati on with the National Chemistry Week 
theme The Earth's Atmosphere and Beyond.' ACS 
and ASA have also coll aborated ro conduct 
workshops for teachers at all of the regional 
National Science Teachers Association meet
ings from 2002 ro 2004. 

The Aura team supportS the GLOBE Program 
(Global Learning and Observations ro Benefi t 
the Environment) to involve young researchers 
in atmospheric chemistry. More than 13,000 
kindergarten th roug h 12th g rade schools in 
100 countries participate in the GLOBE pro
gram. Aura supported the development of inex
pensive instruments to measure UV radiation, 
surface ozone, and aerosols. GLOBE develops 
protocols for srudents ro follow when making 
measurements and reporting their data. Schools 
in the Netherlands are particularly active in 
Aura science observations throug h a partnership 
between GLOBE Netherlands and KNMI, the 
OMI PI instirute. About 20 Dutch schools plan 
ro become part of the data validation program 
for Aura. 

The Aura team has published six art icles about 
atmospheric science on Earth Observatory, 
NA Ns award-winning websi te, earthobserva
rory.nasa.gov. The articles include "Ultravi olet 
Radiation: H ow It Mfects Life on Earth"; 
"Highways of a Global Traveler"; and 
"Watching Our Ozone Weather". About 
300,000 individuals visit this websi te each 
month , and 36,000 subscribe to a weekly 
update. More articles, including one on scien
ti st-reacher-student partnerships , are under 
levelopment. 

For current information on education opporru
nities, visi t the Aura websi te at: 

eos-aura.gsfc. nasa.gov 



Website Addresses 

n See National Museum of Natural History online at 

www.nmnh.si.edu/ 

n See Chern Matters online at: 

www.acs.org/ education/ curriculum/ chemmatt.html 

n See the GLOBE Program online at: 

www.globe.gov/ fsl / welcome/ welcomeobject.pl 

Students and teachers in Czechoslovakia investigate surface 
ozone amounts through GLOBE, an international science and 

education program . Trainers from the U.S. pose with them and 

their teacher. 

GLOBE students 
measure injury to 

plant leaves for 

ozone air quality 
studies. 

n For current information on education opportunities, visit the Aura 

website at: 

eos-aura.gsfc.nasa.gov 

A GLOBE teacher and students learn how 

to measure aerosols with a hand-held sun 

photometer. 
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Chemicals 

BrO Bromine monoxide CION02 Chlorine nitrate 

CF2CI2 Dich lorodifl uorometha ne CO Carbon monoxide 

CFCI3 T richlorofluoromethane CO2 Carbon dioxide 

CH3CN Methyl cyanide H2O Water 

CH4 Methane HCI Hydrogen chloride 

CI Chlorine HCHO Formaldehyde 

CIO Chlorine monoxide HCN Hydrogen Cyanide 

Acronyms 

ACS American Chemical Society 

ASTER Advanced Spacebome Thermal Emission and Reflection Radiometer 

ASTR Along Track Scanning Radiometer 

BUV Backscatter Ultraviolet Instrument 

CALIPSO Cloud-Aerosol Lidar and Infrared Pathfinder Satellite 

ceo Charge Coupled Device 

CFC Chlorofluorocarbon 

CNES Centre National d'Etudes Spatiales 

DAAC Distributed Active Archive Center 

DFRC Dryden Flight Research Center 

DU Dobson Unit 

EOC EOS Operations Center 

EOS Earth Observing System 

EOSDIS Earth Observing System Data and Information System 

EPA Environmental Protection Agency 

ESA European Space Agency 

GISS Goddard Institute for Space Studies 

GLOBE Global Leaming and Observations to Benefit the Environment 

GOME Global Ozone Monitoring Experiment 

GSFC Goddard Space Flight Center 

HALOE Halogen Occultation Experiment, instrument on UARS satellite 

HIRDLS High Resolution Dynamics Limb Sounder (One of the four Aura 
instruments) 

JPL Jet Propulsion Laboratory 

KNMI Royal Dutch Meteorological Institute 

MLS Microwave Limb Sounder (One of the four Aura instruments) 

MODIS Moderate-resolution Imaging Spectroradiometer 

MOPITI Measurements of Pollution in the Troposphere 

HN03 Nitric acid NOx Nitrogen oxide 

H02 Hydroperoxy radical O2 Oxygen 

HOCI Hypochlorous acid 03 Ozone 

N20 Nitrous oxide OCIO Chlorine dioxide 

N205 Dinitrogen pentoxide OH Hydroxyl 

NO Nitric oxide S02 Sulfur dioxide 

N02 Nitrogen dioxide 

NASA National Aeronautics and Space Administration 

NCAR National Center for Atmospheric Research 

NDSC Network for the Detection of Stratospheric Change 

NGST Northrop Grumman Space Technology 

Nimbus 7 NASA satellite, operated from 1978-1994 carrying a 
TOMS instrument 

Nimbus-4 NASA satellite,operated from 1970-1980 carrying the BUV instrument 

NOAA National Oceanic and Atmospheric Administration 

OCO Orbiting Carbon Observatory 

OMI Ozone Monitoring Instrument (One of the four Aura instruments) 

OMPS Ozone Mapping Profiler Suite 

PARASOL Polarization and Anisotropy of Reflectances for Atmospheric Sciences 
coupled with Observations from a Lidar 

ppbv Parts per billion volume 

SAGE Stratospheric Aerosol and Gas Experiment 

SBUV Solar Backscatter Ultraviolet 

SCIAMACHY Scanning Imaging Absorption Spectrometer for 
Atmospheric Cartography 

SIPS Science Investigator Processing Systems 

SSAJ Science Systems & Applications, Inc. 

TES Tropospheric Emission Spectrometer (One of the four Aura 
instruments) 

TOMS Total Ozone Mapping Spectrometer 

UARS Upper Atmosphere Research Satellite 

UK United Kingdom 

UMBC University of Maryland Baltimore County 

UV Ultraviolet 

VOC Volatile Organic Compound 
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