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Sensor Web

A sensor web is a coordinated
observation infrastructure
employing multiple sensors that are
distributed on one or more platforms.

The number and type of sensors and
the platform distribution in time and
space can be optimized to answer
specific science questions.
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Air Quality

Air pollution is a chemical, physical (e.g.,
particulate matter size), or biological agent
that modifies the natural characteristics of the
atmosphere in an unwanted way.

Gases such as carbon dioxide, methane, and
fluorocarbons (which contribute to global
warming) and emissions from fossil fuel
burning have been identified as pollutants.



The quantification of the process governing the distribution and evolution of trace gases and
aerosols requires an integrated approach that combines observations from satellites, aircraft,
sondes, and surface measurements with chemistry and transport models acting on both

regional and global scales.
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Develop integrated air quality mission concepts utilizing space-borne air-bone, and in-
situ observation resources (current and future) for improved air quality prediction.
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s*Enable adaptive
measurement
strategy exploration
on a sensor web for
rapid air quality
assessment.

Concept Design
Process

*Provide
collaborative
campaign planning
process among
distributed users.

“*Provide a
comprehensive
sensor-web system
simulation with
multiple sensors and
multiple platforms.

Virtual
Experiment

ssProvide quantitative
science return metric
that can identify where
and when specific
measurements have the
greatest impact.
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A priori Atmospheric States
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Welcome to Sensor-web Operation Explorer (SOX)

DATA SERVICE INFO BOOTH

The rainbow

My heart leaps up when | behold
A Rainbow in the sky:
So was it when my life began;
So is it now | am a man;
So be it when | shall grow old,
Or let me die!

The Child is father of the man;
And | could wigh my days to be

Bound each to each by natural piety.

- Wiliam Wordsworth

“Scientific method is a body of techniques for investigating phenomena and acquiring new knowiedge,
as well as for correcting and integrating previous knowledge. It is based on gathering observable,
empirical, measurable evidence, subject to specific principles of reasoning”.

-lssac Newton

Exploration

Observation scenario

Measurement quality

Retrieval analysis

Data Assimilation

\ Data Service
—

Observation scenario
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Request Manager

Logs exploration requests
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Resource Manager

Monitors availability of the
computational resources.

g

Execution Manager

Dispatches command lines to
available resources.

Exploration
Requests
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Exploration
Results

Jet Propulsion Laboratory
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SOX

Welcome to Sensor-web Operation Explorer (SOX)

ABOUT SOX
DATA SERVICE
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The rainbow

My heart leaps up when | behold
ARainbow in the sky:

So was it when my life began;
Sois it now | am a man;
So be it when | shall grow old,
Or let me die!

The Child is father of the man;
And | could wigh my days to be

Bound each to each by natural piety.

EXPLORATION
INFO BOOTH

- Willam Wordsworth
“Scientific method is a body of i fori and
as well as for ing and i ing previous Itis based on gathering observable,
iri subject to specific principles of reasoning”.
-Issac Newton
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Earth Atmospheric
Science Mission
Concept Study

Using OSSEs to
more fully evaluate
possible approaches
(getting to the right
design for the
Instrument and the
Mission):

National Aeronautics and Space Administration

Quantifying the science impact of
instrument and missions designs:

The ozone case

Presented by Annmarie tidering

Jet Propulsion Laborator¥l
California Institute of Technology

AGU Joint Assembly
May 28, 2008, Ft. Lauderdale, FL

Contributors: Kevin Bowman, Meemong Lee, Zheng Qu, Mathew Yeates

JPL Clearance: N/A
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Orbit & Observation Scenario Design

Instrument Design
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Step 1

Scientists use ‘Orbiter’, a space-borne observation scenario
design tool, provided in the SWIP module to configure
platform and sensor operations including

- orbit properties

- observation timeline
- sampling frequency
- spatial coverage

- temporal condition

- spatial condition

A sample list that satisfies the above

definitions is composed.
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Step 1

Scientists use ‘Orbiter’, a space-borne observation scenario
design tool, provided in the SWIP module to configure
platform and sensor operations including

- orbit properties

- observation timeline

- sampling frequency

- spatial coverage

- temporal condition

- spatial condition

A sample list that satisfies the above
definitions is composed.

The rainbow
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Step 2 NN e
. . . o |
Scientists use a parametric sensor model e \I ! =
worksheet (Excel) provided in the SWAM B —
module to specify the performance range -
of the configured sensors: e o R O

- spectral range

- spectral resolution
- SNR

- spectral drift

- line shape

- quantization levels

An instrument list that satisfies the above performance
range is composed.
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Step 1

Scientists use ‘Orbiter’, a space-borne observation scenario

design tool, provided in the SWIP module to configure

platform and sensor operations including
- orbit properties
- observation timeline
- sampling frequency
- spatial coverage
- temporal condition
- spatial condition

A sample list that satisfies the above
definitions is composed.

J L

Step 2

Scientists use a parametric sensor model
worksheet (Excel) provided in the SWAM
module to specify the performance range
of the configured sensors:

- spectral range

- spectral resolution

- SNR

- spectral drift

- line shape

- quantization levels
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An instrument list that satisfies the above performance

range is composed.

_N

Step 3

Scientists submit the sample list and the
instrument list to SOX web service to perform
virtual mission and to generate mission data
products.

The sample list is used for simulating

- atmospheric state from the phenomena database
- radiance spectrum using a forward model

- platform-centric observation geometry

The instrument list is used for simulating
- field of view tracing
- radiometric sensor response
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Step 1

Scientists use ‘Orbiter’, a space-borne observation scenario
design tool, provided in the SWIP module to configure

platform and sensor operations including
- orbit properties
- observation timeline
- sampling frequency
- spatial coverage
- temporal condition
- spatial condition

A sample list that satisfies the above
definitions is composed.

J L

Step 2

Scientists use a parametric sensor model
worksheet (Excel) provided in the SWAM
module to specify the performance range
of the configured sensors:

- spectral range

- spectral resolution

- SNR

- spectral drift

- line shape

- quantization levels

@Iteraﬁve Concept Maturation

Step 4

Scientists submit retrieval analysis requests to SOX web
service on the simulated measurements resulting from the
virtual mission. The retrieval analysis generates altitudinal
retrieval error and bias for each measurement.

———

The retrieval results are used for

- data assimilation

- instrument performance dependency
- observation scenario dependency

SPME module provides multi-dimensional
interactive visualization tools.

1

An instrument list that satisfies the above performance

range is composed.

Step 3

Scientists submit the sample list and the
instrument list to SOX web service to perform
virtual mission and to generate mission data
products.

The sample list is used for simulating

- atmospheric state from the phenomena database
- radiance spectrum using a forward model

- platform-centric observation geometry

The instrument list is used for simulating
- field of view tracing
- radiometric sensor response
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Details, Detalls, Details...
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Jet Propulsion Laboratory
California Institute of Technology

SOX

Data Service

Observation Scenario

View Scenarios > Scenario Details

ABOUT SOX

=aQ W

Scenario Details

+ View the NASA Portal

EXPLORATION

Observation Scenario

Measurement Quality

Retrieval Analysis

Data Assimilation

For each sample in the observation
scenario, an atmospheric state vector is
composed and a signal radiance spectrum is
simulated.

Signal Radiance Spectra

Name MWOSSE-1025-1080-2006-03-04 <
Mission Name CUSTOM (
Start Wavenumber 1025
End Wavenumber 1080 (@
Epoch 3/4/2006 12:00:00 AM
Inclination 98.2054
Arg. Periapse 951141
Ascending Node 189.376
Purpose Observation
Model GeosChem
RTM LBLRTM
Description
Input Gen. State Completed
Spectrum Gen. State Completed
RTM Input Generation 100% Complete Run Status | Phenomena Profile |
RTM Spectrum Generation 100% Complete Run Status I View Sample Data I
.
Measurements o
Measurement Name -

Created On

MWOSSE-1025-1080-2006-03-04 2/7/2008 5:32:33 PM Observation

Purpose Description

A1) * 1e6)

Radiance (W/ (cm”2 srcm

Radiance Spectrum
10~

1,045

Wavenumber (cm”-1)

1,065




LEO Mission Design

i | Orbiter

Altitude (km)
Eccentricity
Ascending Node (de

Epoch (UTC)

[AQUA ]
I
v

Verify

705 Inclination (deg)

|D.DDO1224

[2005/09/07T07:29:02.1

Arg. Periapse (deg)

Mean Anomaly (deg)

[ s F E F = =

Spectral Coverage
Start  [900 End |1200 Unit |Wave number 'I
Spatial [Temporal Coverage
Start Date |D No. Days I1—

R

Anywhere =

Orbits Per Day

Samples Per Orbit |30

Spatial Condition Temporal Condition |Anytime v

Model Selection

IGeosChem i vl
ILIDORT v]

Phenomena Model

Radiative Transfer Model
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Propert
Phenomena Aerocl
Surface
Land Ocean
Trace Gas
Physical = P
Parameters race Lases

Aerosols

Name

Black Carbon

Dust

Haze

Organic Material
Sea Salt

Optical Depth
Single Scatter
Humidity

Pressure
Temperature

Direct Reflectance
Diffused Reflectance
Carbon Monoxide
Carbon Dioxide
Carbon Tetachloride
Chlorifluoro Carbons
Freon

Hydrochloric Acid
Nitrogen Monoxide
Nitrogen Dioxide
Nitous Oxide
Nitrogen Pentoxide
Ozone

Methane

Symbol

=1 T O

(6{0)
CO2
CCl4
CFC12
CF2CI2
HCl
NO
NO2
N20
N205
03
CH4

Altitude

KKK KKKKKKK OoK KKK oo oo o

Wavelenth

353 3 3 O3 3 3 O3 3 O O3 53 0K oo oKk KkkKkx<
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A comprehensive atmospheric state database needs to be composed for the exploration time
period and resolution. The database composition requires integration of the chemistry models,
aerosol models, reflectance datasets, and mission data products.

MOZART TES
GEOS-Chem AIRS
Atmospheric
State
IMPACT Dalabase MODIS
NCAR INTEX-B
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Jet Pi Ision Laborato :
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SOX

For each signal radiance spectrum, a set of
sensor response is simulated based on the
performance range specification of the

sensors.

Sensor Response Spectra

Radiance Spectrum

Data Service e ABOUT SOX
Measurement Quality = Q A w _
/
Measurement Details 10—
o
e
Name MWOSSE-1025-1080-2006-03-01 =
Created On 1/31/2008 5:13:15 PM < 8-
Description §
Purpose Observation ‘f
State Completed e 6+
o
3 a
Scenario Details =
:
Observation Scenario Name MWOSSE-1025-1080-2006-03-01 = .
Epoch 3/1/2006 12:00:00 AM b3 f)
Start Wavenumber 1025 .
End Wavenumber 1080 v
E
o
View Measurement Data | o
§
Run Status 2
3
Measurement Generation 100% Complete 5
g
.

10

2
1,025

Radiance Spectrum

T
1,045

Wavenumber (cm*-1)

1,065
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Transforms the parametric atmospheric state into a measurement data simulating the
measurement physics of each instrument. An instrument system is described employing
thred generic instrument device properties, imager, spectrometer, and radiometer,

m
Parametric Radiative
, Solar
Atmospheric > Transfer < :
: Irradiance
State Function
Imager » Spectrometer |—» Radiometer
ray tracing spectral range SNR
sample footprint spectral resolution digitization
|

Measurement

Data
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Spectral Spectral

Coverage Resolution
Line shape
Linearity
l SNR
A 4 y
Bandpass r

DN range

1 ‘,

Photon count Sensitivity
conversion — scaling
* ¥
g sx;‘:;“ J Digitization
— Spectrometer - - Radiometer -
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Jet Propulsion Laboratoi \
Cabtons matiide of Technowiay + View the NASA Portal o

SOX

004

Exploration o = :
Retrieval Analysis = Q A W : Refrieval £ 4 -

DATA SERVICE INFO BOOTH

km)
IR1: |900 3to|1080: WN IR2: |1000 to|2200" WN UVNVIS: Wto 480 nm )
Obs: IR1: 900-1080 WN IR2: 1000-2200 WN UV/VIS: 300-480 nm SRR R0 o T s wm swm
Exp. |MWOSSE-970-1025-2006-03-01 [F] |MWOSSE-1025-1080-2006-03-01 [Bf [MWOSSE-Vis-2006-03-01  |§]
I . - . S— S — - Topospheric Mean Retrieval Error (ppmv)
Meas. [MWOSSE-970-1025-2006-03-01 [¥| [MWOSSE-1025-1080-2006-03-01 ] [MWOSSE-Vis-2006-03-01 8] 015
@ © VisRes=30.SNR=700
® @ VisRes=30,SNR=500
Calib: o10l| ® @ VisRes=30.5NR=300 °
@ © VisRes=100,SNR=700 PY
Exp. |MWOSSE-970-1025-2006-03-02 [§] |MWOSSE-1025-1080-2006-03-02 [B] |[MWOSSE-Vis-2006-03-02  |g] ® .0 VisRas=100.5NR=500
. ® @ VisiRes=100.SNR=300 °
Meas. |MWOSSE-970-1025-2006-03-02 || [MWOSSE-1025-1080-2006-03-02 | [MWOSSE-Vis-2006-03-02 | GSEL . RO .
W use IR1 Window I” Use IR2 Window [T use UVVIS Window °
0.00 y
Species: 71 CO (Carbon Monoxide) [~ NO2 (Nitrogen Dioxide) ¥ 03 (Ozone)
-0.05}
= *
Description (Optional) = [T Test Case 55 L]
S
0
Retrieval Analysis Name | 015} 4
° d
-0.20
R 'Res=0.06, R Res=0.06, R:Res=0.60, R Res=0.60,

SNR=600 SNR=200 SNR=600 SNR=200



106313
oM | Time 7.0000
Measurement 3 2018E-000

Interactive 4D visualization of Ozone
assimilation result for understanding the
prediction accuracy with respect to vertical
layers and surface regions.




Category Capabilities TRL-'06 TRL-"07 Current

Space-borne 3 5 5

Observation Platform _
. Air-borne - - 3

Modeling
In Situ - - -
UV/Vis - 5 5
Instrument Type
Modeling R 3 > 5
MicroWave - -
3
Atmospheric State - - 3
SImU|at|0n PrOdUCt S|ng|e instrument 3 5 5
Distribution Service o _ _ 4
Multiple instruments

Retrieval Results 3 4 3)
Ozone 2 3 4
Science Impact co 2 3 4
Analysis NOx ,
SOx } 3 3
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dO3/dNOx dO3/dOx

GEOS4 de/dNOX 010401 at 00:00 GMT Avg from L=1-22 (0.3—23,0 krr GEOS4 dO /dOX 010401 at 00:00 GMT Avg from L=1-22 (0,3—23,0 km:
75°N . . 75°N
son |- 4D-Variational son|
Assimilation
o Framework for 30|
15°N 15°N

. Targeted )
Observation
30°5 30°5
45°5 455

30°E B80°E 9I3:"E 120°E 150%E do /dco
3

GEOS4 dO /dCO 010401 at 00:00 GMT Avg from L=1-22 (0.3-23.0 km

[N T N .
0.010.020.050.100.200.50 1.00 2.00 5.0010.00 0.000.000.010.010.020.050.10 0.200.50 1.00 [v/v]

75°N
60N |- ¢ .
03 : Ozone

CO : Carbon monoxide

NOx : Nitrogen oxides (NO, NO2)

45N | ...

30°N |-

GEQOS-4 chemistry, transport
and convection adjoint

influence functions (48 hours s
simulation from 2001/04/01) sove

15°8
dO3/dNOx implies the changes in
ozone at a given space and time to the
changes in Nitrogen oxides at any
other space and time.
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