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THE CLIMATE IS CHANGING
• Earth’s changing environment will impact every aspect of 

life on our planet
• Climate change has profound implications

• Humans are the only creatures able to analyze, anticipate, 
and act now to influence events that will occur generations 
into the future
• Climate change poses profound societal challenges

• Detecting and separating secular global changes from 
small-scale variability requires technological skill and deep 
understanding of the Earth as an integrated system
• The fact that we know the climate is changing is a 
profound testament to our human skills and intellect
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Anomalies relative to the 1951‐1980 average.

Data from NASA Goddard Institute for Space Studies. 
Courtesy of the NASA Earth Observatory and Mike Carlowicz

1880-1889 2000-2009

Global Surface Temperature:  1885 vs 2005
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Imagery from Landsat

MOUNT KILIMANJARO GLACIERS, TANZANIA

17 February 1993 21 February 2000
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Multi-year sea ice is vanishing – climate implications
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Flooding and Sea-Level Rise, Mombasa
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THE CLIMATE IS CHANGING
• Earth’s changing environment will impact every aspect of 

life on our planet
• Climate change has profound implications

• Humans are the only creatures able to analyze, anticipate, 
and act now to influence events that will occur generations 
into the future
• Climate change poses profound societal challenges

• Detecting and separating secular global changes from 
small-scale variability requires technological skill and deep 
understanding of the Earth as an integrated system
• The fact that we know the climate is changing is a 
profound testament to our human skills and intellect
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Estimated Change in Length of Growing Period – 2000-2050 
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Haiti – Dominican Republic Border

From 1973 to 2010, Haiti lost a substantial amount of vegetation near its border with the 
Dominican Republic, while the Dominican side did not. Both countries depend on low‐return 
agriculture on poor, badly irrigated soils. 

Source: United Nations Environment Programme (UNEP).  From the 
Latin America and the Caribbean Atlas of our Changing Environment (2010).

28 December 1973 22January 2010
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Observed trends in groundwater 
levels, October, 2003 – March, 2009

Pattern of groundwater depletion in NW India

Drawdown by 
31 km3 (= 1 Lake 
Mead) in 66 months 

Famiglietti et al., 2009

Loss of 109 km3 

(3 Lake Meads) 
over 72 months 

Rodell et al., 2009

Water Storage Anomaly

GRACE DETECTS UNSUSTAINABLE GROUNDWATER LOSS
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THE CLIMATE IS CHANGING
• Earth’s changing environment will impact every aspect of 

life on our planet
• Climate change has profound implications

• Humans are the only creatures able to analyze, anticipate, 
and act now to influence events that will occur generations 
into the future
• Climate change poses profound societal challenges

• Detecting secular global changes amidst small-scale 
variability – and understanding the causes of the trends –
requires technological skill and deep understanding of the 
Earth as an integrated system

• The fact that we know the climate is changing is a 
profound testament to our human skills and intellect



The Earth is a Complex System
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Earth System Science

• Earth System Science: Requires quantitative understanding 
of interactions between processes in order to define the Earth 
system – nonlinearities link spatial and temporal scales

• Satellites provide stable measurements with global coverage, 
high spatial resolution, frequent revisit; the constellation of 
Earth-observing satellites allows sustained measurements of 
many different quantities



On-orbit NASA Research Missions 

Partnerships
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The International A-Train



SMAP
2014

ICESat-2
2016

SWOT
2020

PACE
2020

L-Band 
SAR

NET 2021

CLARREO
(on ISS) NET 

2023

OCO-2
2014

SAGE-III
(on ISS) 2015

GRACE-FO
2017

OCO-3
(on ISS) 2017

GPM
2014

CYGNSS
EVM-1, 2016

TEMPO
EVI-1, 2017

EVI-2
2020

EVM-2
2021

EVI-3
2022

Upcoming Orbital Missions
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Global Precipitation Mission














NASA/JAXA +International Partnership – Launch 14 February 2014



SAGE III (2015)
OCO-3 (2017)
CATS (2014)
HICO (2009)RapidSCAT (2014)

ISERV (2012)

LIS (2016)
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GLOBE (K-12 Hands-on Educational Program)



NASA

GLOBE Implementation OfficeGLOBE Implementation Office

Common
Element WG’s

 Science
 Education
 Evaluation
 Technology
 Communication

Common
Element WG’s

 Science
 Education
 Evaluation
 Technology
 Communication

Department 
of State

Department 
of State

The GLOBE ProgramThe GLOBE Program

Office of International & 
Interagency Relations

Office of International & 
Interagency Relations

Earth Science DivisionEarth Science Division

GLOBE Country Partners
(In‐country Implementation)

NSF & other co‐sponsorsNSF & other co‐sponsors

NOAA & other supporting 
agencies

NOAA & other supporting 
agencies

Partnerships for GLOBE
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GLOBE DATA ARE SCIENTIFICALLY USEFUL
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GLOBE DATA ARE SCIENTIFICALLY USEFUL
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GLOBE DATA ARE SCIENTIFICALLY USEFUL



Among NASA's Earth and Space measurements, soil moisture is a particularly tangible one for 
the K-12 audience. It is a variable that most can understand and appreciate (floods, crop growth, 
etc.). 

SMAP can engage GLOBE K-12 students in tangible and meaningful ways through their taking 
data following the Gravimetric Soil Moisture Protocol. Students can make valuable 
contributions to mission science.  SMAP will launch in late October, 2014.

As stated in the SMAP Cal/Val Plan, the gold-standard for all soil moisture measurements is 
ultimately the tin-can sample. It is simple and inexpensive enough that K-12 students can actually 
do it daily.

Needed Material: Here are the steps:
1. Soil sample can 1. Measure the volume (V) of the sample can
2. Graduated cylinder                               2. Take soil sample in the sample can
3. Balance 3. Weigh moist sample (mass Mw)
4. Drying oven 4. Dry the sample  

5. Weigh dried sample (mass Md)

The soil moisture (in the same 
units as SMAP measurements) is:   soil moisture = ( Mw – Md ) / ( V * ρ ) cm3/cm3

where ρ = 1 g cm-3 – the density of liquid water 

The Upcoming Soil Moisture Active/Passive Mission:
An Opportunity For  Engagement With GLOBE
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MOST IMPORTANTLY . . .


