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Climate 
Trends 
Assessment

The GISS Surface  
Temperature  Analysis (v4) 
is an estimate of global 
surface temperature 
change, from 1880-2022. 
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Production Notes: 
NASA SVS | NASA Climate Spiral 1880-2022

What You are Seeing: 

The visualization presents monthly global temperature anomalies between the years 1880-2022. Temperature anomalies are deviations from a long term global average. In this case the period 1951-1980 is used to define the baseline for the anomaly. These temperatures are based on the GISS Surface Temperature Analysis (GISTEMP v4), an estimate of global surface temperature change. The data file used to create this visualization is publicly accessible here.
The term 'climate spiral' describes an animated radial plot of global temperatures. Climate scientist Ed Hawkins from the National Centre for Atmospheric Science, University of Reading popularized this style of visualization in 2016.

The Goddard Institute of Space Studies (GISS) is a NASA laboratory managed by the Earth Science Division of NASA’s Goddard Space Flight Center. GISS is affiliated with Columbia University’s Earth Institute and School of Engineering and Applies Science.  
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Source: Ocean Sequence_reduced size.mp4
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What You’re Seeing in this Visualization 
This data visualization represents five years’ worth of data, taken primarily by Suomi NPP/VIIRS satellite sensors, showing life on both land and in the oceans. 
In the ocean, dark blue represents warmer areas where there is little life due to lack of nutrients, where yellow and orange represent cooler nutrient-rich areas. 
Nutrient-rich areas include coastal regions where cold water rises from the sea floor bringing nutrients to the surface, and areas at the mouths of rivers where rivers bring nutrients into the ocean from the land. 
On land, green represents areas of abundant plant life, such as forests and grasslands. Tan and white represent areas where plant life is sparse of non-existent, such as the deserts in  Africa and the Middle East, and snow-cover and ice at the poles. 
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NASA SVS | Ocean Flow Vignettes

What You are Seeing: 
Ten month span of visualization. Data comes from ECCO-2 ocean model. 
Ocean dynamics are important to understanding heat transfer and heat absorption. 
The question is how much more excess heat can the ocean absorb – and how that excess heat is changing dynamics like ocean flows, currents and eddies. 




From 
Innovation to 
Launch: SWOT 
and PACE

SWOT launched Dec. 16, 
2022 from Vandenberg 
Space Force Base in 
California

PACE launched Feb. 8, 
2024 from Cape Canaveral 
Space Force Station in 
Florida

Source: NASA TV 
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PACE Launch: https://youtu.be/TONpBd6Z6lE

SWOT Launch: https://youtu.be/1Rr2L2rVvdc




SWOT: Sea 
Surface 
Height 
Anomalies 
First 21-day cycle of 
SWOT measurements – 
first complete global 
coverage of Earth 
water elevation, 
including sea surface 
height observations 
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Production Notes 
NASA SVS | Global sea surface height by the Surface Water and Ocean Topography (SWOT) mission – the first 21-day cycle

What You Are Seeing
SWOT’s Ka-band radar interferometer precisely maps elevation of global water bodies
This animation illustrates the variation in sea surface height anomalies detailed on a fine 2 km resolution grid 
Notice the isolated peaks in red and the troughs in blue – this signals the presence of ocean eddies, while the varying gradients mark intensity of ocean currents
For the first time, we dcan observe sea surface heights with complete global coverage and exceptionally high resolution, extending all the way to coastal regions 



SWOT: Gulf 
Stream Sea 
Surface 
Height 

Red and orange 
represents sea levels 
higher than global 
average. Blue shades are 
lower than average. 

SWOT’s spatial resolution 
is 10 times greater than 
composite data gathered 
over the same area by 
seven other satellites on 
Jan. 21, 2023
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Production Notes: 
NASA SVS | SWOT Satellite's Sea Level 'First Light’





PACE Technology: 
Ocean Color 
Instrument & 
Two Polarimeters

Completing orbit in 98.3 
minutes, PACE carries 
OCI, HARP2 and SPEXone
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Production Notes 
https://svs.gsfc.nasa.gov/5019/

What You are Seeing: 
PACE mission conceived principally as a means of measuring ocean color for assessing large-scale ocean health.
OCI measurements will provide data to determine distribution of phytoplankton – tiny plants and algae that sustain the marine food web. This is fundamental to understanding  
More “green” that’s visible from space, the more prevalent chlorophyll – an essential pigment responsible for photosynthesis in plants. 





PACE reveals the colors of 
Earth. The color of the 
ocean can be used to 
determine phytoplankton 
abundances, and with 
PACE, phytoplankton 
community composition. 

What PACE 
shows us: 
Ocean Color
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Production Notes: 
NASA SVS | PACE - First Look at OCI, HARP2, and SPEXone data

What You are Seeing: 

A swath of true color imagery is exposed as the spacecraft passes over each location. The camera then zooms into the southeastern coast of the US, revealing several data layers from the PACE science instruments, including chlorophyll, a phytoplankton community map (Picoeukaryotes, Prochlorococcus, and Synechococcus), and aerosols.



Water and Energy in 
the Atmosphere

Particles in the
Atmosphere

Large-scale Mass
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Earth Surface Dynamics

INTERCONNECTED
CORE MISSIONS
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Met by NISAR launch in 2024

AOS-Storm and
AOS-Sky

Designated Observables now in Mission Formulation

GRACE-Continuity
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Earth Science to Action Strategy
Virtuous Cycle

• User needs inform next iteration of programs, 
missions and initiatives

Public Understanding & Exchange
• Put more scientific understanding into public sphere
• Deliver applied science to users
• Participate in multi-way info exchange
• Use input to inform subsequent work

Solutions & Societal Value
• Offer models, scientific findings and info through Open-

Source Science principles
• Support climate services
• Provide science applications and tools to inform decisions

Earth System Science & Applied Research
• Grow scientific understanding of Earth’s systems
• Develop predictive modeling for science applications 

and tools to mitigate, adapt and respond to climate 
change

Foundational Knowledge, 
Technology, Missions & Data

• Technology innovation
• Earth observations missions
• Data collected from space, air and ground
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NASA: Forefront Link in USG Climate Services 
Knowledge Value Chain

Generate Develop Deliver Use Evaluate

Generate climate information:
• Observations
• Modeling and simulation
• Indigenous and traditional knowledge
• Lived experience

Develop climate services:
• Science translation
• User engagement
• Design co-production
• Application development

Deliver climate services:
• Mapping and visualization
• Extension services
• Training and capacity building
• Storytelling

Use climate services:
• Risk assessment
• Hazard mitigation
• Project design and planning
• Investing and asset management

Evaluate climate services:
• Peer review
• User surveys
• Benefit/cost analysis
• Randomized control trials
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NASA Enables Climate-Informed Services 
Across the USG
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NASA partners with 12 US Agencies to deliver actionable, climate-informed services around the country and around the world.  Often the face of the service provided is another agency, such as the FEMA National Risk Index map (lower corner). 
We sometimes say we are the "climate agency behind all the climate agencies."
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Talking points:
NASA/IPCC partnership to co-produce and deliver sea level projections based on AR6 IPCC report. 
Global look and local sea level projection at major coastal cities across the globe, for different scenarios of future climate (SSP per IPCC language) and time horizons – from next decade to next century. 
Also included the physics behind projections and major drivers behind the change, i.e. contribution from ocean, land, ice and uncertainties 
The tool is now part of the UN FCCC "Adaptation Knowledge Portal” (UN FCCC = United Nations Framework Convention on Climate Change; COP is the decision-making body of UN FCCC). 


Production notes:
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool 
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Source: The Tropical Rainfall Measuring Mission (TRMM) | NASA Global Precipitation Measurement Mission

What You are Seeing: 
TRMM was a research satellite in operation from 1997 to 2015, designed to improve our understanding of the distribution and variability of precipitation within the tropics as part of the water cycle in the current climate system. 
By covering the tropical and sub-tropical regions of the Earth, TRMM provided much needed information on rainfall and its associated heat release that helps to power the global atmospheric circulation that shapes both weather and climate. 
In coordination with other satellites in NASA's Earth Observing System, TRMM provided important precipitation information using several space-borne instruments to increase our understanding of the interactions between water vapor, clouds, and precipitation, that are central to regulating Earth's climate.
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What You are Seeing: 
This animation shows rain data collected by the GPM Core Observatory and the partner satellites currently in orbit on March 17, 2014. 
The end of the animation focuses in on a storm system that moved over the eastern United States, showing GPM Microwave Imager data of rain and snow rates. 
This is the first time a single satellite has collected simultaneous data on rain and snow for a single storm.
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Source: 
NASA SVS | NASA Tracks Freddy, Longest-lived Tropical Cyclone on Record

What You are Seeing: 
Tropical Cyclone Freddy is the longest-lived cyclone on record
NASA’S IMERG satellite precipitation product is ideal for monitoring and studying tropical cyclones around the world, especially over open ocean where ground-based observations are sparse. 
IMERG uses precipitation estimates from a constellation of satellites united by the GPM Core Observatory to generate maps of global precipitation updated every 30 minutes in near real-time. 
This animation shows IMERG surface rainfall estimates associated with the passage of Tropical Cyclone Freddy across the Indian Ocean in from February into March 2023
The end of the animation shows the total estimated rainfall for the entire period. 
IMERG shows that although heavy rain near the core of the storm is key to the storm maintaining or increasing in intensity, the highest overall rainfall totals are much more closely correlated to slow storm speed as evidenced by the extreme rainfall totals over Mozambique – despite  Freddy having weakened to a tropical storm. 
Freddy was responsible for more than 300 deaths in Mozambique, Madagascar and Malawi, causing widespread damage throughout those regions. 
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NASA SVS | GPM Views Typhoon Bolaven

What You are Seeing: 
This animation shows precipitation within Typhoon Bolaven around the time of the storm’s rapid intensification. 
Typhoon Bolaven was an extremely powerful tropical cyclone that struck the Northern Mariana Islands and the Korean Peninsula October 2023 -- around the time that rapid intensification began. 
The global view at the beginning of the animation shows precipitation rate estimates from NASA’s IMERG multi-satellite data product 
The 3D view shown during the rest of the animation visualizes data collected by the Dual-Frequency Precipitation Radar (DPR) onboard the NASA/JAXA Global Precipitation Measurement (GPM) Core Observatory satellite when it flew over the storm on Oct. 10. 
In the visualization, yellow, red, and pink colors indicate rainfall within the storm at lower altitudes, while blue and purple colors indicate frozen precipitation located higher in the atmosphere. 
The DPR also detected a 20 dBZ radar reflectivity signal above 14.5 km altitude indicating a hot tower in the eyewall of Typhoon Bolaven. Hot towers are associated with hurricane intensification.



science.nasa.gov/earth

Your  Home.  Our  M iss ion .  
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