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System of Systems Framework
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Framework for Future Earth Observations

Targets - Establish, evolve, and optimize a target 
set of observations to support the user community 
and society
Operational Views - Establish, evolve, and optimize 
operational views of an overall system to deliver the 
target set of observations with a time-phased view 
looking forward 40 years to include guidance for 
research for future generations of operational 
systems
Architecture - Evolve an Integrated Earth 
Observation System (IEOS) architecture developed 
on the principles of the Federal Enterprise 
Architecture
Blueprint for Solutions - Establish, evolve, and 
optimize blueprints for implementing the 
components needed for  integrated approach to 
address applications of national priority 
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Pathway to Future Earth Observations

Target Observables
55 Environmental Data Records (EDRs)
26 Essential Climate Variables (ECVs)
Gap Analyses

Operations Concepts
Operations View
Whole Earth Simulator

Evolving Architecture
GEOSS and IEOS Framework
Multi-System Configurations

Blueprint for Solutions
Integrated System Solutions
Prospective Next Generation 
Monitoring/Measurement Systems
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26 GCOS Essential Climate Variables (ECV)
3.1. Atmosphere
3.1.1. Surface Wind Speed and Direction
3.1.2. Upper-air Temperature
3.1.3. Water Vapour
3.1.4. Cloud properties
3.1.5. Precipitation
3.1.6. Earth Radiation Budget
3.1.7. Ozone
3.1.8. Atmospheric reanalysis (multiple ECVs)
3.1.9. Aerosols
3.1.10. Carbon Dioxide, Methane and other Greenhouse Gases
3.1.11. Upper-air Wind

3.2. Oceans
3.2.1. Sea Ice
3.2.2. Sea Level
3.2.3. Sea Surface Temperature
3.2.4. Ocean Colour
3.2.5. Sea State
3.2.6. Ocean Reanalysis
3.2.7. Ocean Salinity

3.3. Terrestrial
3.3.1. Lakes
3.3.2. Glaciers and Ice Caps, and Ice Sheets
3.3.3. Snow Cover
3.3.4. Albedo
3.3.5. Land Cover
3.3.6. fAPAR
3.3.7. LAI
3.3.8. Biomass
3.3.9. Fire Disturbance
3.3.10. Soil moisture
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55 Environmental Data Records (EDRs)
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NPOESS

NPOESS

NPOESS

NPOESS

NPOESS

NPOESS GPM

NPOESS

NPOESS
NPOESS

NPOESS
NPOESS
NPOESS
NPOESS

Generally considered adequate Usefulness is unknown, application- Generally considered inadequate No viable observations 

Global Essential Climate Variables out through 2050

for developing CDR's dependent, or access-dependent for developing CDR's available
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Gap Analyses

Precipitation (TRMM - GPM) 

Terrestrial Variables (Landsat 5,7 – LDCM)

Altimetry (JASON 2 – JASON 3)

Solar Irradiance (SORCE - NPOESS)

Space Weather (ACE - SESS)

Climate Variables (EOS - NPP - NPOESS) 

Unprecedented Environmental Variables
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Decadal Survey Recommendation to NASA
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Remote Sensing Technologies
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Pathway to Future Earth Observations

Target Observables
55 Environmental Data Records (EDRs)
26 Essential Climate Variables (ECVs)
Gap Analyses

Operations Concepts
Operations View
Whole Earth Simulator

Evolving Architecture
GEOSS and IEOS Framework
Multi-System Configurations

Blueprint for Solutions
Integrated System Solutions
Prospective Next Generation 
Monitoring/Measurement Systems
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Operating Principles

Mission Focused - Continuously evolve existing and 
planned Earth observation systems to be optimally 
useful
User Oriented - Optimize use of heritage capacity 
and continuous innovation in response to meeting 
civilian and economic needs 
Science and Technology Enabled - Apply research, 
technology, and credentialed science as the basis 
of assuring optimal capacity to place the right 
capabilities in the right place at the right time
Innovation Driven - Maintain commitment to the 
innovation and discovery process to continue to 
provide the advantages of Earth observation 
systems and their applications to our national 
interests 
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20 MegaPixel Workstations 

“From space, to in-your-face”
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Collaborative Engineering Tools

• Enables integration of observations and decision support tools
• Enables scientists and decision makers to collaborate on common 
views
• TouchTable approach can be distributed around country and world
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Operations View Example Operations View Example -- U.S. Global U.S. Global 
Environmental Monitoring System ComponentsEnvironmental Monitoring System Components

Major Weather Data/Product Contributors to the Shared Virtual Major Weather Data/Product Contributors to the Shared Virtual 
Weather & Climate DatabaseWeather & Climate Database

Historic and Real-time Weather
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Pathway to Future Earth Observations

Target Observables
55 Environmental Data Records (EDRs)
26 Essential Climate Variables (ECVs)
Gap Analyses

Operations Concepts
Operations View
Whole Earth Simulator

Evolving Architecture
GEOSS and IEOS Framework
Multi-System Configurations

Blueprint for Solutions
Integrated System Solutions
Prospective Next Generation 
Monitoring/Measurement Systems
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GEOSS Construct
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GEOSS Scope

OBSERVATIONS
• Remote

• In Situ

INFORMATION
• Interpret
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Strategic triad for 
global observing:
Satellites, UAVs & Buoys

• Global Observing System 

Supports real-time weather  
data collection 

Supports scientific prediction  
of long-term climate change

GH provides In-situ ground  
truth for new space sensors

Routine Systematic   
Reporting

Global coverage over Oceans

Integrated Global 
Weather and 
Climate Observing
System

Improving 
Capability

Programmed 
Capability

Proposed 
Capability

Proposed 
Capability
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4NPOESS

2

U.S. Weather System 
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NPOESS Mission
National, operational, polar-orbiting 
environmental monitoring capability

Converges DoD & NOAA weather 
satellite programs

Incorporates new technology from 
NASA programs 

International cooperation with 
European MetOp satellite

NPOESS Benefits
Critical input to weather forecast 
models

NPOESS will improve accuracy 
and expedite data products

Greatly improved direct broadcast 
data to users worldwide

Science-quality data to all users –
including research scientists and 
continuity of climate data records

Equatorial Crossing Equatorial Crossing 
Local TimesLocal Times
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NPOESS Mission Configuration

http://www.astronautix.com/graphics/a/atlasvro.jpg
http://www.astronautix.com/graphics/a/atlasvro.jpg


26 Northrop Grumman

NASA Research
Spacecraft – 2006 
and beyond
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GH for Earth Environment and Climate

60,000 ft

45,000 ft

Global Hawk operates 
above problematic winds 
and weather at medium 
altitudes

Global Hawk
operates above 
ALL other traffic

Benefits of 
High 
Altitude 
Flight

Benefits of 
High 
Altitude 
Flight

• Greater responsiveness
• Less aircraft attrition 
• Fewer flight path 

deviations
• Negligible icing impacts

• Greater responsiveness
• Less aircraft attrition 
• Fewer flight path 

deviations
• Negligible icing impacts

• Increased safety
• Reduced requirements 

for coord with ATC
• Eases FAA Certification

• Increased safety
• Reduced requirements 

for coord with ATC
• Eases FAA Certification

• Terrain masking less 
problematic

• Greater reach into 
Areas of Interest

• Greater line of sight 
connectivity

• Greater Range = 
Earlier Detection = 
Increased Warning

• Reduced impact of 
haze

• Terrain masking less 
problematic

• Greater reach into 
Areas of Interest

• Greater line of sight 
connectivity

• Greater Range = 
Earlier Detection = 
Increased Warning

• Reduced impact of 
haze

Global Hawk’s
sensors range 
further from
high altitude
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Global Hawk Instruments to Cal/Val GOES R ABI
GOES-R ABI
range (µm)

(resolution 0.64 µm vis, >2 µm 
vis/NIR)

NAST-I
range (µm)

(resolution 1.4 nm)

0.45-0.49
0.59-0.69

0.846-0.885
1.371-1.386
1.58-1.64

2.225-2.275

3.80-4.00 3.7-5.05
5.77-6.6
6.75-7.15
7.24-7.44
8.3-8.7
9.42-9.8

10.1-10.6

10.8-11.6

11.8-12.8

13.0-13.6

7.69-15.5

5.0-7.775

Calibration/Validation for Global System
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Policy DSTs

Solid - Earth

LANL CICE, 
NSIDC 

Bootstrap, 
GSFC 

Algorithms

Land-
Surface

Models

Cryosphere

Models

In-Situ

Microwave

Atmosphere

Microwave

Thermal
Infrared

Thermal 
Infrared

Ultra-Violet

Ocean

In-Situ

Disasters

He
al

th

Energy

Water

Climate

Weather

Ecosystems

AgricultureBiodiversity

NCEP, CIP, FIP, NAS-AWRP, 
WRF

NPOESS  

BATS-R-US-
IH/GM/SC/IE/EEG, 

GITM, RCM, 
MoSST, EGM96-

CM4, GTG

Catchment
LSM, GSFC 
LIS, Mosaic 
LSM, SWAT, 

AGWA,
CLM, 

Mesoscale 
Land Surface 

Model

Status

Forecasts

Predictions

LANDSAT

Visible, NIR, 
MIR

CM
AQ

, 
En

v. 
Pu

bli
c 

He
alt

h 
Tr

ac
kin

g 
Ne

tw
or

k

CADRE

CREWS

G
N

O
M

E
H

AZ
U

S
 

R
is

k 
Pr

ed
ic

tio
n

SERVIR

HOMER

TOPS

RA
Q

M
S

RETScre
en

Invasive 

Species 

Forecasting 

System
M

ala
ria

 
M

od
el

in
g 

&
Su

rv
eil

lan
ce

RS
VP

,
PS

S 
AI

RN
ow

RiverWare
AWARDS

Advanced 

Hydrologic 

Prediction 

Service

MM5,

BASINS

MM5, 
MiniCAM, 
PGCAM, 
CQUEST-

Carbon Mgt

NEMS

CASA,
ES-GCM,

RUC

12 M
o 

Forecast 

Glob/Reg

Seasonal 

Soil M
oisture

HAZUS Risk Prediction

Architecture for IEOS Climate Variability & Change

NatureServe 

Vista

AWIPS

Earth 
Science 

Observation 
Systems

PBO  

MOBY  

AW
ARDS

H
AB

M
ap

SZ
, 

AA
AZ

A

Visible, 
NIR, MIR

Ultra-Violet

Status

Forecasts

Predictions

Policy DSTs

Atmosphere Models:
GMAO, GFDL B-grid, 

NCAR CAM, UCLA AGCM, 
GOCART, WACCM, GEOS-
4 AGCM, CEM 2D, GEOS-5 
SCM,  GSFC AAS, GEOS-

CEM, SMOKE, CIMMS-
CCM, 

Hysplit4

Atmosphere 
Models

Ocean Models:
GFDL HIM Ocean, 
LANL POP Ocean,  

LANL HYPOP, ECCO 
OSE, 

GMAO Ocean Analysis, 
GFDL MOM4 Ocean, 

MITgcm Ocean, 
WAVEWATCH III

A.3

GOES R

O.4
O.3

O.2
Aqua

NPOESS

O.1

NPOESS

AQUA

O.5

O.7

O.6

AQUA

NPOESS

EO1

T.8

T.7

T.6

AQUA

A.1

NPOESS

A.2

A.3

AQUA

A.4

A.5

NPOESS

AQUA

AURA
AERONET

A.7
A.8

A.9

A.10
FLUXNET

MPLNET

AGAGE
CMDL

O.3

AQUA

Ocean 
Models

Ocean 
Bio/
Geoche
m Sym.

AQUA 

NACP, 
SMEX, 
Univ. 
Partner 
Field 
Teams

DRAFT- WORKING DOCUMENT 12/19/06

T.5

AQUA

A.6

LANDSAT

T.4
T.3

TIME-
GCM

GLAM

GISS

NPOESS

SOLV
E

O.2

Community
Decision
Support
Systems

T.1

T.2



30 Northrop Grumman

Analysis of Alternatives
Flexible Set of Tools Supports Multiple Sensors/Missions

Real Time Analysis

Evaluate 
End-to-End 
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Simulated 
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Data Records
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Metrics, Plots, 
Graphics Retrieval 

Algorithm

Sensor/Space-
craft Factors

Sensor 
Variables

Mission/Orbit 
Variables 
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Recommendation:  Establish National 
Board on Earth Observations

Inclusive: Embrace cross-community, national 
perspectives on a target vision and on capabilities 
and capacities to achieve that target vision
Responsive: Produce value-added targets 
(measurements, architectures, solutions) to enable 
timely decisions on investments
Objective: Act as an “honest broker” with broad, 
analytically based perspectives
Accountable: Serve the needs of the nation by 
taking into account the needs of the agencies, state, 
regional, local, tribal, and private sectors using 
OMB’s Program Assessment Rating Tool (PART)
Effective: Capitalize on agency &private sector 
activities and expertise; including use of existing 
investments in Earth observations that can be 
leveraged to meet additional target observations
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Pathway to Future Earth Observations

Target Observables
55 Environmental Data Records (EDRs)
26 Essential Climate Variables (ECVs)
Gap Analyses

Operations Concepts
Operations View
Whole Earth Simulator

Evolving Architecture
GEOSS and IEOS Framework
Multi-System Configurations

Blueprint for Solutions
Integrated System Solutions
Prospective Next Generation 
Monitoring/Measurement Systems



33 Northrop Grumman

Essential Decisions are enabled by Essential DataEssential Decisions are enabled by Essential Data

It’s Time for a Blueprint for Solutions

Surface,
Airborne & 
Space 
Observations

Weather and
Climate Models Decision

Tools

Policy

Management

INPUTS OUTPUTS DECISIONS IMPLEMENTATION

19851985 19901990 19951995 20002000 20052005 20102010 20152015 20202020 20252025 20302030 2032035

Mission to Planet Earth     EOSMission to Planet Earth     EOS

NPOESS          Restructured NPOESSNPOESS          Restructured NPOESS

U.S. Integrated Earth Observation System

30 yrs30 yrs

30 yrs30 yrs

Observations Predictions / 
Forecasts

Partnerships Value / Benefits to Users
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Application Focus Areas and Partners
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SIAM-SERVIR with CCAD

Central American
Officials, Researchers,
Educators, etc. Results

Red Tide

Land Cover/Use/Change

Emergency Response
Policy Changes
Corridor Preservation
Species Preservation
Sustained 
Development
Better Living 
Conditions

Wildfires
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Next Generation Systems

Optimized to
cover essential variables and coverage
be interoperable with Earth Science System models
be interoperable with decision support tools of 
national and global priority
effectively transition from research to operations

Optimized for 
sustainability and operational use
adaptability and flexibility with evolving knowledge 
of science and technology
cost, schedule, performance and risk mitigation
national collaboration
international collaboration
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Over 6.5 billion people to serve….
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