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ld a Sensor Web Simulator?

B

e |Investing in the development and deployment of such large
complex systems would be costly and involve significant risk

e Facilitates detailed studies of proposed sensor web observing
systems before large investments are made to deploy them

e Objectively evaluate how predictive skill is affected by
combinations of assets, instruments and measurement strategies




___Project Goals

Demonstrate the value of implementing model-driven sensor web
concepts for meteorological use cases

Quantify improvement in achieving science goals

Design and Build an integrated simulator with functional elements that
will allow multiple “What if?” scenarios in which different
configurations of sensors, communication networks, numerical models,
data analysis systems, and targeting techniques may be tested and
evaluated
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n Adaptive Targeting
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Autonomous and On-Démand Tafgeting
to Collect “Best” Observations

3. Numerical forecast is
executed

' ot e 5 | P R : 4. Forecast error is
2. Data analysis : At AT = e 7 gl BN N estimated
is performed e = e Coadh 05

1. Observations are collected at
specified locations in space & time

Adaptive Targeting

Automated / Manual




* Observing System Simulation Experiment (OSSE)
* An experiment designed to assess the potential impact of
a planned mission on Numerical Weather Prediction.
e Nature Run (NR)
* A high resolution long integration from a state-of-the-art
numerical weather prediction model.
* A proxy atmosphere for OSSE's to derive synthetic
observations from existing and future observing systems.
e Data Assimilation System (DAS)
* Assimilates observations and generating forecasts. It is the
mechanism for conducting observing system experiments.
e e.g., GEOS-5, WRF, NCEP GDAS '

Simulated Clouds from the B¢
fvGCM Nature Run %




Phase | ~2006 - 2008

Developed SWS software
architecture

Designed & implemented initial
core suite of software to
perform preliminary “proof-of-
concept” testing

Designed and tested
preliminary use case scenarios
for a single spacecraft mission
— GWOS (aka Decadal Survey
“3D Wind Lidar Mission”)

User Interface Layer

Scenario Execution Layer

Task Execution Layer

Component Execution Layer

1

Service Invocation Layer |

—
Observing Data Modeling and Forecast
System Processing Prediction |« Operations
v

Targeted
Qbservation

\ J

System
, e
’ Forward Model L Targeted
J Cbservation
I S— o
| y vy

< > External Control]

System
[y
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Sensor Web Simulator layered architecture:
- user interface

- scenario execution

- science and engineering models




Run Views Help
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orbitOutputFilename

Narme of file to generate for orbit

[OrbitalPropagation.dat

platformStepSize [Step size in seconds that the STK |1
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platformHeading initial heading of platform in [97.03
degrees (O to 360)

platformAltitude IAlitude of platform 400

platformlLatitude [Starting orbital latitude (SCVM o
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platformlongitude Starting orbital longitude 0
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Affects

Description

Current File: fhome/workflow/sharedExperiments/sensorWeb /runs/multiAngleSlew11-12_dev.nar Disconnected

Work Flow Tool (WFT) setup for GWOS.
The user can modify these settings and
then launch a new simulation.

8066
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I Targeting
[T Feature Selections

ngFeature
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V= commAnalysisType
V= uplinkType
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Current File: fhome/workflow/sharedExperiments/sensorWeb/runs/multiAngleSlew11-12_dev.nar Logged Into: localHost:8675[N

Run Views Help

B B & NQ@ e

ulation,

Monitoring

X NED 1.6 User: rwburns Mode: USER

@
Configuration

sensorWeb_0418]
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getAccessReport] Info: Requests ground station s report from STK
createCommReport] Info: Generates communications analysis report

SR TRRTBRRRRN iro: Generate orbit propagation
Info: Generate slewing maneuvers for targets
Info: Request coherent and direct lidar model observations
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Status
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WFT monitor mode shows a simulation in
progress. The green task shows it is
currently computing the orbit for the
GWOS platform.




Phase |: Use Case Mission
yDecadal Survey-Mission:3D, Wind Lidar
: e N g i - -

Global Wind Observing Sounder
(GWOS) GLOBAL WIND OBSERVING /

: : .. SOUNDER

Doppler Wind Lidar (DWL) mission. CONCERnuEREENE Nt
Launch: ~2020
Orbit: 400km, sun synchronous polar : ;/km/s
orbit ORBITING /

, GWOS (400km) #t, ./
Instrument: Direct detection and 3telessope modies e
coherent detection lidars. e /
Generate vertical profiles of the é / e T
horizontal wind field /

3D winds obtained //

- A global 3-D picture of the Whe”’"“ks"“e”ap //
dynamical atmospheric state. 5]

§
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Use Case #1
Miission Life-via Power:Modulation

e Conserve power / extend
instrument life by using aft
shots only when there is
“significant” disagreement
between model first guess line-
of-sight winds and winds
measured by fore shots

e Model’s first guess fields must
be uplinked and stored on
board the spacecraft

Aagi

White ellipses: Forward LOS lidar shots
Yellow ellipses: Model LOS <> Measured LOS
Red ellipses: Aft LOS lidar shot required/taken
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R Use Case #2
'Bett.-.Sci-e.nce via-Targeted Qbservations

e Studies have shown that
targeted observations can
improve predictive skill”®

e Goal - target features to help
improve predictive skill:
e “Sensitive regions” of the

atmosphere where the forecast is
highly sensitive to analysis errors

e Features outside of instrument’s
nominal attitude field of view (e.g.,)
» Tropical cyclones
» Jet streaks
 Rapidly changing atmospheric
conditions
. i C .
Ta rge-l_I ng 2 ptl mization “Source: D. Emmitt and Z. Toth, 2001: Adaptive targeting of
algorithms needed to choose

- wind observations: The climate research and weather
‘ etween mu Itl p I e {a rgEtS forecasting perspectives. Preprints, 5th Symposium on
N Integrated Observing Systems, AMS.
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Phase I: Preliminary Results

. PRI Use Case 1

-,

e \We set up:
e A control case (i.e., no lidar data used)

e Test case in which lidar data used only where there was “significant”
disagreement with the forecast winds

e A case with all lidar data used

e 80% of the lidar wind profiles compared favorably with the model
first guess and were withheld from the data assimilation cycle.

e Realized a duty cycle reduction of about 30%.

e The simulation of a reduced lidar duty cycle (i.e. targeted
observations only) was similar to the full lidar results in the
Northern Hemisphere.

e Results for the Southern Hemisphere were more difficult to
interpret.
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Phase |: Preliminary Results
wwilUse Case 2

e Experiments examined impact of slewing GWQOS for adaptive
targeting.

e |dentifying “sensitive regions” in the atmosphere

e Autonomously detect features of interest (e.g., tropical cyclones)

e Features of interest identified by meteorologist
Targets were prioritized

e Feature is over land
Feature is over the coastline
Feature is over ocean but is approaching land
Feature is over ocean and is moving away from land
Feature is over ocean and is far from land (> 1000km)

Calculated difference between a 12-and 36-hour
forecast of 500-hPa heights valid at the same time.

e Areas of large differences are identified as targets. GWOS is then tasked to
observe these targets and may have to perform a roll maneuver (i.e., slew).

e Approximately 33% additional data were captured over the targeted features.

T

[GwesT
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Phase Il Overview

e Phase Il March 2009 — Feb 2012

e Expanding capabilities and flexibility
e 2 GWOS satellites in different orbits
e Add new types of sensors
e Add new spacecraft

e Selected 3 missions for our next use case

# Global Wind Observing Sounder (GWOS): 3D wind profiles

Extended Ocean Vector Winds Mission (XOVWM) or similar mission
such as the Dual Frequency Scatterometer (DFS): 10-meter winds
over the oceans.

Geostationary Operational Environmental Satellite “R” Series
£ (GOES-R): High resolution visible/infrared imagery, cloud track
© winds

15




Geostationary Operational
Environmental Satellite-R Series
(GOES-R)

- Launch: ~2015
- Orbit: Geosynchronous

Instruments
- 16 channel Advanced Baseline Imager

- Spatial resolution: 0.5 km visible; 1 km
near-IR; 2 km IR

- Full earth disc every 15 mins (“Flex”
Mode 3) or every 5 minutes
(“Continuous” Mode 4)

» CONUS every 5 minutes

- Mesoscale frame every 30 secs.

e

- Extended Ocean Vector Winds

Phase |l

w=Use Caserl Missions

Mission (XOVWM)

Proposed QuikSCAT follow-on

- All-weather, high horizontal spatial
resolution measurements of global

ocean surface wind speed & direction

Launch: 2013 - 2016

Orbit: 800 km altitude, sun
synchronous, polar orbit

Instruments

- C-band scatterometer
- Ku-band SAR

Possible 2 spacecraft constellation to

meet NOAA coverage needs
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Phase Il Use Case 1 Scenario
il o_.Targ_etﬁcpic,a,l CyclonerDevelopment
. g ) ' B

L ]

|

29
GWOS tasked to observe
optimized target areas.

\' y
‘ Analysis of XOVWM data

reveals tropical cyclone
development 40N

Winds retrieved from
GWOS.

GOES-R tasked to observe
target area in rapid scan.

= Cloud information from
GOES-R used to optimize
target areas.

Rapid scan winds retrieved
from GOES-R

00Z24SEP 1999




_Phase |l Status

e |In progress or completed
e Developed hurricane use case
e Selected two Decadal Survey m|55|ons + GOES-R

e Selected and tested vorticity algorithm
e Approximated XOVWM using QuikSCAT data
e Generated XOVWM targets
e Simulated GOES-R cloud motion winds - ek
e Simulating GWOS LOS and full vector winds SQ“"‘SCAT color coded surface wind
- peed and direction vectors of
e Conduct use case experiments (July/August)  hurricane Dora (Credit: NASA)

e Run GEOS-5 DAS for TC development period and initiate 5-day forecasts
every 6 hours

e Run control experiment
e Run control + different combinations of XOVWM, GWOS, GOES-R

_» Compute statistics (TC track/intensity errors) for each forecast
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___Contact Info

stephen.j.talabac@nasa.gov
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