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Global Mean Sea Level
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Why is sea level rising globally?
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GRACE and GRACE-FO

« Gravity Recovery & Climate
Experiment (GRACE; 2002-2016)
and GRACE Follow-On (GRACE-FO;
2018-pres.) measure gravity
changes on Earth.

« These satellites can tell us how
much ice is being lost across
Earth’s ice sheets and glaciers
(e.g., Greenland & Antarctica)

* They also tell us about the O
movement of water on Earth. The mass of the Greenland ice sheet has rapidly declined in the last several years due to

surface melting and iceberg calving. Research based on observations from the GRACE
satellites (2002-2017) and GRACE-FO (since 2018) indicates that between 2002 and 2020,

Greenland shed approximately 280 gigatons of ice per year, causing global sea level to
rise by 0.8 millimeters (0.03 inches) per year. Credit: NASA and JPL/Caltech
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https://svs.gsfc.nasa.gov/31156




NASA Missions for Climate

Jason-3

Jason-3 is the fourth mission in a U.S.-
European series of satellite missions that
measure the height of the ocean’s surface
using radar altimetry going back to 1992.

The measurements provide scientists with
critical information about circulation
patterns in the ocean and both global and
regional changes in sea level and the
climate implications of a warming world.

For nearly three decades, satellite altimeters
have provided a precise, continuous record
of global sea level with excellent spatial and
temporal resolution.

https://sealevel.jpl.nasa.gov/missions/jason-3/summary/
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https://sealevel.jpl.nasa.gov/missions/jason-3/summary/

NASA Missions for Climate

Sentinel-6 Michael Freilich

A joint U.S.-European effort to collect the
most accurate data yet on sea level and
how it changes over time.

The mission consists of two identical satellites
that will be launched five years apart
(Sentinel-6 Michael Freilich launched on
Nov. 21, 2020).

Both satellites use a radar altimeter to
measure sea level down to the centimeter
for more than 90% of the world's oceans. The
data they collect will add to a long-term
dataset that began with a joint U.S.-French
effort called TOPEX/Poseidon in 1992.

https://www.nasa.gov/sentinel-é
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Visualization of Sentinel-6 Michael Freilich collecting radar altimetry
data over the Earth’s oceans to monitor sea level down to the
centimeter and how it changes over tfime. Credit: NASA's Scientific
Visualization Studio
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Argo Profiling Floats

« Since ~2005, Argo profiling
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Sea Level Change from Thermal Expansion
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Closing the Sea Level “Budget”
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Regional Sea Level Change

« Sea level changes on @
wide range of spatial and
temporal scales.

« The ocean does not behave
like a bathtub.

« Contributions to the pattern
of regional sea level change
include:

— Natural variability
signals like El Nino -
Southern Oscillation
and North Atlantic

OSC il | O _I_io n . R o :': _JJ__ ' _ s = - ea Surface Height hange from 1920 2019
— lce-sheet “fingerprints”
g p . Image showing sea surface height changes from 1992 to 2019 in cm using satellite altimetry data.

Credit: NASA GSFC Visualization Studio
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Presenter Notes
Presentation Notes
So as I mentioned, phenology is the study of the pulse of our planet and is an essential and critical component of environmental science influencing biodiversity, species interactions, their ecological functioning, and their effects on fluxes of water, energy, and biogeochemical elements at various scales. 

Changes in phenology depict an integrated response to environmental change and provide valuable information for global change research, land degradation studies, integrated pest and invasive species management, drought monitoring, wildfire risk assessment, and agricultural production. 

-------
https://www.windows2universe.org/earth/climate/what_is_phenology.html

The phenological dynamics of vegetation influence a host of ecophysiological processes including hydrological processes (Gerten et al., 2004; Hogg et al., 2000; Vivoni, 2012), biogeochemistry and nutrient cycling (Campbell et al., 2009; Cooke and Weih, 2005), land-atmosphere interactions (Heimann et al., 1998; Puma et al., 2013), and terrestrial carbon cycling across a wide range of ecosystem and climatic regimes (Baldocchi et al., 2001; Churkina et al., 2005; Gray et al., 2014; Richardson et al., 2009). The presence and absence of foliage affects land surface albedo (Moore et al., 1996; Ollinger et al., 2008; Wang et al., 2017; Williamson et al., 2016), and exerts strong controls on surface radiation budgets and the partitioning of net radiation between latent and sensible heat fluxes (Chen and Dudhia, 2001; Vivoni, 2012). Therefore, accurate and timely information related to the spatiotemporal dynamics of vegetation phenology is required for investigations focused on monitoring climate change and modeling biospheric processe


Regional Sea Level Change

« Sea level changes on @
wide range of spatial and
temporal scales.

« The ocean does not behave
like a bathtub.

« Contributions to the pattern
of regional sea level change
include:

— Natural variability
signals like El Nino -
Southern Oscillation
and North Atlantic
Oscillation.

— Ice-sheet "“fingerprints”. |
(VESL, sealevel.nasa.gov)
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Regional Sea Level Change

« Sea level changes on @
wide range of spatial and
temporal scales.

« The ocean does not behave
like a bathtub.

« Contributions to the pattern
of regional sea level change
include:

— Natural variability
signals like El Nino -
Southern Oscillation
and North Atlantic
Oscillation.

— lce-sheet “fingerprints”.
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Coastal Subsidence

* |In addifion to the ocean rising,  § T L Tos At
many coastal regions around the N
world are sinking. This conftributes /W
to arise in relative sea level. ¥

— Groundwater withdrawal, R far
glacial isostatic adjustments, Q
and tectonics.

Credit: https://site.tfre-altamira.com/

* Interferometric Synthetic Aperture
Radar Analysis (INSAR) can be
used to estimate this movement of
land at high spatial resolutions.

— Satellite measures change
from one pass to another over
the same location.

Ri
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https://nisar.jpl.nasa.gov/

NASA Sea Level Change Team

- Satellites will play a critical role in monitoring these e e
processes and provide important information to
decision-makers and planners.

G Fire below, ice above:

— What can NASA do to provide “useful” e
information?

« To meet this challenge, NASA created the NASA
Sea Level Change Team (N-SLCT) in 2014.

— sealevel.nasa.gov was created as part of this  pewmmm
effort. T

— 70+ scientists from government and academia.
Two Goals:

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

— Science: Provide improved forecasts of sea
level across a range of fimescales.

— Outreach: Connect with practitioners and
stakeholders to define and provide ‘useful’
sea-level information.
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http://sealevel.nasa.gov/

Satellite and Integrated Products

« A full list of data tools on NASA sea level portal can be found here:
https://sealevel.nasa.gov/data/tools.

 As a demonstration of how these tools and data can be combined to understand
past, present, and future sea level, refer to the links below:

1. Data Analysis Tool: https://sealevel.nasa.gov/data_tools/1
2. Virtual Earth System Laboratory: https://sealevel.nasa.gov/data_tools/2

3. Sea Level Evaluation and Assessment Tool: hifps://sealevel.nasa.gov/data tools/16

4. |IPCC ARé6 Sea Level Projection Tool: hitps://sealevel.nasa.gov/data_tools/17

5. Flooding Days Projection Tool: https://sealevel.nasa.gov/data_tools/15
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https://sealevel.nasa.gov/data/tools
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Demo: NASA Sea Level Portal



Exercise: NASA Sea Level Portal



	Workshop Agenda
	Session III: Earth observations for climate change impacts (Ocean & Ice)
	Global Mean Sea Level
	Why is sea level rising globally?
	GRACE and GRACE-FO
	NASA Missions for Climate
	NASA Missions for Climate
	Argo Profiling Floats
	Sea Level Change from Thermal Expansion
	Closing the Sea Level “Budget”
	Regional Sea Level Change
	Regional Sea Level Change
	Regional Sea Level Change
	Coastal Subsidence
	NASA Sea Level Change Team
	Satellite and Integrated Products
	Demo: NASA Sea Level Portal 
	Exercise: NASA Sea Level Portal 

