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Strategic Goal 2: 
Expand scientific understanding of the Earth and the universe in which we live. 
 

2.1:  Advance Earth system science to meet the challenges of climate and environmental change. 

Objective 2.1.1:   Improve understanding of and improve the predictive capability for 
changes in the ozone layer, climate forcing, and air quality associated with 
changes in atmospheric composition. 

Objective 2.1.2:   Enable improved predictive capability for weather and extreme weather 
events. 

Objective 2.1.3:   Quantify, understand, and predict changes in Earth’s ecosystems and 
biogeochemical cycles, including the global carbon cycle, land cover, and 
biodiversity. 

Objective 2.1.4:   Quantify the key reservoirs and fluxes in the global water cycle and assess 
water cycle change and water quality. 

Objective 2.1.5:   Improve understanding of the roles of the ocean, atmosphere, land and ice 
in the climate system and improve predictive capability for its future evolution. 

Objective 2.1.6:   Characterize the dynamics of Earth’s surface and interior and form the 
scientific basis for the assessment and mitigation of natural hazards and 
response to rare and extreme events. 

Objective 2.1.7:   Enable the broad use of Earth system science observations and results 
in decision-making activities for societal benefits. 
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Multi-angle Imaging 
Spectro Radiometer 

(MISR) provides 
monthly global 
aerosol maps 

Microwave Limb 
Sounder (MLS) 

provides daily maps 
of stratospheric 

chemistry 

Tropospheric 
Emission 

Spectrometer (TES) 
provides monthly 

global maps of 
Ozone 

Atmospheric Infrared 
Sounder (AIRS) 

provides monthly 
global 

temperature maps 

CloudSat provides 
monthly maps 

of cloud ice 
water content 

Jason provides 
global sea surface 
height maps every 

10 days 

Quikscat collects 
data over the polar 

regions, and 
supports Cal/Val of 
India's Oceansat-2 

Gravity Recovery 
and Climate 

Experiment (GRACE) 
provides monthly 
maps of Earth’s 

gravity 

Aquarius provides 
monthly maps of  

sea surface salinity 

JPL’s Earth Science Observations 
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Improve Understanding of and Improve the Predictive 
Capability for Changes in the Ozone Layer, Climate 

Forcing, and Air Quality Associated with Changes in 
Atmospheric Composition (2.1.1) 

Adapted from Manney et al., Nature, 2011 

Unusually prolonged cold 
conditions in the spring 2011 
Arctic stratosphere promoted 
conversion of atmospheric 
chlorine to ozone-destroying 
forms to a degree never 
before seen in the Arctic.  
This resulted in chemical 
ozone loss comparable to 
that seen in the Antarctic in 
some winters 
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Forecast error reduction (%) 

European Centre for Medium-Range Weather Forecasts 
(ECMWF) 

Enable Improved Predictive Capability 
for Weather and Extreme Weather 

Events (2.1.2) 
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Quantify, Understand, and Predict Changes in Earth’s 
Ecosystems and Biogeochemical Cycles, Including the 

Global Carbon Cycle, Land Cover, and Biodiversity (2.1.3) 

Benchmark map of carbon stored in Earth's tropical forests, covering about 2.5 million hectares of forests over more 
than 75 countries. Image credit: NASA/JPL-Caltech/UCLA/Winrock International/Colorado State University/University 
of Edinburgh/Applied GeoSolutions/University of Leeds/Agence Nationale des Parcs Nationaux/Wake Forest 
University/University of Oxford   Saatchi et al (2011)  
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Quantify the Key Reservoirs and Fluxes 
in the Global Water Cycle and Assess 

Water Cycle Change (2.1.4) 

From Boening et al., submitted 

Global Sea Level Drops 5 mm in 2010 

Mass in centimeters of water thickness 

GRACE Shows Change in Water 
from March 2010 to March 2011 

Courtesy Joao Teixeira 
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Improve Understanding of Climate 
System and Improve Predictive 

Capability (2.1.5) 
  

How to bring as much 
observational scrutiny as 

possible to the IPCC process?  

How to best utilize the wealth 
of NASA Earth observations 

for the IPCC process? 
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Aquarius uses an L-band radar (JPL) 
and radiometer (GSFC) to make monthly 
maps of sea surface salinity with 
precision of 0.2 PSU (.2 gkg-1) and 
resolution of 150 x 150 km 

Partners: 
CONAE 
(INPE, ASI, CNES, CSA) 

Aquarius 
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Satellite Observations for CMIP5 
Simulations ESG-JPL Gateway: 

Side by Side Archive 

Coupled Model Intercomparison Project (CMIP) 
Program for Climate Model Diagnosis and Intercomparison (PCMDI) 

obs4MIPS 
Project 
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Characterize the Dynamics of Earth’s Surface and 
Interior and Form the Scientific Basis for the 

Assessment and Mitigation of Natural Hazards (2.1.6) 

Coseismic interferogram (Envisat), coseismic GPS 
offsets (mainshock in yellow, aftershock in 

orange), and 8 m contour of mainshock fault slip 
model (Simons et al, Science, 2011) 

Fault slip along the central San Andreas fault from 
airborne interferometric SAR (InSAR)  (Liu, et al, 2011) 
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Use of AVIRIS Observations in 
Decision-making Activities (2.1.7)  

*A Method for Quantitative Mapping of Thick Oil Spills Using HyspIRI; Roger N. Clark1, Gregg A. 
Swayze1, Ira Leifer2, K. Eric Livo1, Raymond Kokaly1,  Todd Hoefen1, Sarah Lundeen3, Michael 
Eastwood3, Robert O. Green3,  Neil Pearson1, Charles Sarture3, Ian McCubbin4 Dar Roberts3, Eliza 
Bradley3,  Denis Steele3, Thomas Ryan3, Roseanne Dominguez3, and  AVIRIS Team3; 1USGS, 2UCSB, 
3NASA,  4 DRI 
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Agency Collaborations in Earth 
Science for Societal Benefits 

Impact 
Location 

Bradford Island north levee damage  Water loss (cm H2O/year) from 2004-2010 Improved runoff snow forecasts 

Airborne instruments to detect and 
forecast ecological change 

InSAR ground displacement 
due to water injection 

Satellite observations to improve 
parameterizations in weather models 
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• Space-based Observing Systems 

– Orbiting Carbon Observatory-2 

– Accelerated Decadal Survey Tier 1 
Missions 

– Expanded Venture-class Program 

– Climate Continuity Missions 

– Accelerated Decadal Survey Tier 2 
missions 

• Mission-enabling / data-exploiting research 
and applications 
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Formulation/Development Operational 

QuikSCAT 
(1999) 

AIRS 
(2002) 

ASTER 
(1999) 

CloudSat 
(2006) 

ACRIMSAT 
(1999) 

MISR 
(1999) 

Ocean 
Surface  

Topography 
Mission  
(2008) 

TES 
(2004) 

Jason-1 
(2001) 

*NOAA 

MLS 
(2004) 

GRACE 
(2002) 

Sea Surface 
Salinity: 
Aquarius 

(2011) 

Carbon Cycle: OCO-2 
(2014) 

Jason 3*  
(04/2014) 

Soil Moisture: SMAP 
(2014) 

COSMIC-2* 
(2014) 

GRACE-FO 
(2017) 

OCO-3 
(2017) 

SWOT 
(2019) 

DESDynI 
(L-band Radar) 

(~2019) 

JPL Earth Science Flight Projects 
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Missions 

Instruments 

Independent Assessment 
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Excerpts from 
Mid-term Assessment 

• NASA responded favorably and aggressively to the decadal survey, embracing its 
overall recommendations for Earth observations, missions, technology investments, 
and priorities for the underlying science. As a consequence, the science and 
applications communities have made significant progress over the past 5 years. 

• The integrated and balanced program described in NASA’s Responding to the 
Challenge of Climate and Environmental Change is aligned with the Administration’s 
overarching emphasis on climate research and monitoring. It is further consistent 
with, and has been informed by, the comprehensive vision for NASA’s Earth Science 
endeavor set forth by the NRC in its Decadal Survey. 

• Funding for NASA’s Earth science program has not been restored to the $2 billion per 
year (in fiscal year [FY] 2006 dollars) level needed to execute the 2007 decadal 
survey’s recommended program. Congress’ failure to restore the Earth science 
budget to a $2 billion level is a principal reason for NASA’s inability to realize the 
mission launch cadence recommended by the survey. 

National Research Council. Earth Science and Applications from Space: A Midterm Assessment of NASA's Implementation of the Decadal Survey. 
Washington, DC: The National Academies Press, 2012. http://www.nap.edu/catalog.php?record_id=13405 

http://www.nap.edu/catalog.php?record_id=13405
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