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This issue of The Earth Observer marks the thirtieth anniversary of the publication of our first issue (March 1989)—shortly after the official 
beginning of NASA’s Earth Observing System (EOS) Program. At that time, when the Internet was still in its infancy, print media was the 
best way to get the word out about the program, meetings, results, announcements, and the like to hundreds of interested researchers across 
the country and the world. Enter The Earth Observer!

Times have certainly changed since those early days, with digital media now allowing for instantaneous communication. Nevertheless, 
The Earth Observer has adapted over the years, maintaining its role for three decades. It is well known and respected throughout the 
global Earth science community, with around 5300 subscribers (including both print and digital, the latter being part of our ‘Go Green’ 
campaign)1 around the world at last count. Now in Volume 31, the newsletter continues to live out the mission it had from its inception: 
to report timely news from NASA’s Earth Science Program. The three-decade legacy is a tribute to the contributors and editorial staff who work 
hard to produce each issue—including the current one, which features a new thirtieth anniversary masthead and tagline.

On page 4 of this issue, our Executive Editor, Alan Ward, offers his perspective on the publication’s evolution over the time he has been 
involved—which encompasses nearly two-thirds of The Earth Observer’s history.

1 Any who are interested can opt to forego receiving the print issue. See back cover for details on how to “Go Green.”
continued on page 2

NASA’s Earth Observatory (EO) website (https://
earthobservatory.nasa.gov) will celebrate its twentieth 
anniversary on April 29, 2019. Not unlike The Earth 
Observer, which celebrated its thirtieth anniversary in March 
2019, EO was intended to help improve communications 
between Earth scientists and the general public. These two 
communication platforms work together to report NASA 
Earth Science. Images and stories originally published on 
the EO website are sometimes printed in the newsletter. An 
example is shown here. On March 28, 2019, a stunning 
aurora borealis—commonly known as the Northern Lights—
made an appearance over Hudson Bay in Canada. The Visible 
Infrared Imaging Radiometer Suite (VIIRS) on the Suomi 
National Polar-orbiting Partnership satellite acquired this 
nighttime image of the dancing lights over North America. 
VIIRS has a day-night band that detects city lights and other 
nighttime signals such as auroras, airglow, and reflected 
moonlight. In this image, the sensor detected the visible light 
emissions that occurred when energetic particles rained down 
from Earth’s magnetosphere and into the gases of the upper 
atmosphere. Credit: NASA’s Earth Observatory

www.nasa.gov
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On a related note, the Earth Observatory website (https://
earthobservatory.nasa.gov) celebrates its twentieth anni-
versary on April 29, 2019. The website was launched 
in anticipation of the Terra launch (which took place 
in December 1999).2 The site was intended to improve 
communication between Earth scientists and the general 
public, taking advantage of Internet technologies, which 
were rapidly emerging at that time. Over the past two 
decades, it has become an outstanding platform for 
presenting compelling Earth science images and stories 
in ways the public and mainstream media can easily 
understand. The site has grown considerably since it 
began, becoming one of NASA’s most popular websites. 
Its longevity and growth are due to the many dedicated 
individuals who have worked to produce content for 
the site over the years. A sincere thank you to the Earth 
Observatory team, past and present, for a remarkable job. 
The Earth Observer plans a more detailed feature article 
on the activities related to the Earth Observatory’s twenti-
eth anniversary later this year.

These milestone anniversaries for The Earth Observer 
and Earth Observatory come during a season of mile-
stones for NASA. Last year was the Agency’s sixtieth 
anniversary, and also the sixtieth anniversary of the 
launch of Explorer 1—the first satellite launched by the 
U.S. This year the milestones continue. July will mark 
the fiftieth anniversary of the Apollo 11 Moon land-
ing, and more specific to the realm of Earth science, 
December will mark the twentieth anniversary of the 
launch of EOS Terra. 

This issue contains an article on another sixtieth anni-
versary milestone that, while somewhat lesser known, 
2 See “NASA Unveils The Earth Observatory Web Space” in 
the March–April 1999 issue of The Earth Observer [Volume 11, 
Issue 2, pp. 17-18—https://eospso.nasa.gov/sites/default/files/eo_
pdfs/mar_apr99.pdf#page=17].

was foundational to the evolution of Earth science 
investigations as we know them today—the launch on 
February 17, 1959 of Vanguard II, which was the first 
meteorological satellite. The mission opened the path-
way for the development of the early TIROS series of 
meteorological satellites, which was then followed by 
the Nimbus Program, which in turn led to the develop-
ment of current high-performance satellites and instru-
ments capable of observing Earth as a system (e.g., 
EOS). Vanguard’s history is more than a story of satel-
lite and rocket hardware development, however. It is 
also a human drama, as it encompasses the successes 
and failures of the efforts of scientists and engineers 
who envisioned this new frontier. The story involves 
national politics, budget uncertainties, military service 
rivalries, technological challenges, and scientific compe-
tition. For those curious to know more, turn to page 7 
of this issue to read the story. 

Even as we celebrate our past history, NASA’s Earth 
Science Division (ESD) must have a strong leadership 
team in place to guide our activities and ensure the 
achievement of future milestones. Michael Freilich, 
who had been the Director of the ESD since 2006, 
officially retired at the end of February.3 A search to 
find Freilich’s successor did not result in a selection.  
Thomas Zurbuchen, Associate Administrator for 
the Science Mission Directorate, noted that this is an 
important period of time when a strong team needs 
to be in place to implement the 2017 Earth Science 
Decadal Survey recommendations. In approximately 
one year, the call for candidates will be reopened. In 
3 Freilich’s retirement was announced in the Editorial of 
the September–October 2018 issue of The Earth Observer 
[Volume 30, Issue 5, p. 3]. His accomplishments during his 
tenure as Director of the Earth Science Division were summa-
rized in https://science.nasa.gov/news-articles/nasa-earth-science-
director-announces-retirement.
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Director since May 2016, will continue to serve as 
Acting ESD Director. In addition, Paula Bontempi 
has been appointed to serve as Acting Deputy ESD 
Director. At ESD since 2003, Bontempi has a back-
ground in ocean biology, biogeochemistry, and carbon 
cycle science, and is the program scientist for MODIS 
(Terra and Aqua), Suomi NPP, and PACE. My congrat-
ulations, and great appreciation, to Cauffman and 
Bontempi for taking on these roles in the coming year. 

Some of our Earth-observing satellite missions achieve 
milestones of longevity, thereby ensuring continuity of 
crucial climate data records. One recent example is the 
Solar Radiation and Climate Experiment (SORCE), 
which marked the sixteenth anniversary of its launch 
in January 2019. Considering that the SORCE prime 
mission ended in 2008 and had to overcome techni-
cal challenges related to a failed reaction wheel, failed 
star tracker, and diminished battery power, it is noth-
ing short of remarkable that SORCE survived long 
enough to overlap by more than a year with the Total 
and Spectral Solar Irradiance Sensor-1 (TSIS-1), which 
launched in 2017. 

SORCE has maintained a Day-only Operations mode 
since 2014, essentially shutting down during each 
orbit’s eclipse, only to awaken again when its solar 
panels are illuminated at every sunrise. In the same 
year, TSIS-1 was approved to fly on the ISS after several 
years of uncertainty following reconfigurations of the 
multi-agency NPOESS and JPSS programs. Once the 
decision to fly on ISS was made, NASA, NOAA and 
the Laboratory for Atmospheric and Space Physics at 
the University of Colorado moved with full purpose 
to ensure that TSIS-1 would reach orbit by late 2017. 
Thus, the events of 2014 were critical in maintain-
ing continuity of the solar irradiance climate data 
record—now in its fifth decade (41 years)! In the event 
that SORCE did not continue until the launch of 
TSIS-1, the Total Solar Irradiance Calibration Transfer 
Experiment (TCTE), flying a SORCE Total Irradiance 
Monitor (TIM) spare, was launched on the U.S. Air 
Force’s STPSat-3 in 2013 to mitigate a possible gap in 
total solar irradiance. 

The achievements of SORCE are many. One of the 
major highlights is the establishment of a new value 
of total solar irradiance: 1361 W/m2. Another is that 
SORCE initiated the first daily record of solar spectral 
irradiance. Moreover, surviving long enough to make 
the connection to TSIS-1 will be one of its lasting 
legacies. SORCE will end operations in January 2020, 
performing final experiments to gain additional insight 
into the performance of its radiometers. TCTE is 
planned to operate through the end of June 2019. 
Meanwhile, TSIS-1 will carry the solar irradiance record 
into the next decade and, almost simultaneously, into 
the next solar cycle. 

Thus far, the TSIS-1 instruments that measure total and 
spectral irradiance have been performing as designed. 
Comparisons between the TSIS-1, SORCE, and TCTE 
Total Irradiance Monitors (TIM) show that they agree 
within their respective uncertainties, even though they 
were calibrated at the component level over a period 
of 15 years. The performance of the TSIS-1 Spectral 
Irradiance Monitor (SIM), the first rebuild of the trail-
blazing SORCE SIM, has been equally impressive. The 
changes in design of the TSIS-1 SIM, based on lessons 
learned from SORCE, appear to have achieved the 
expected results. It will be fascinating to see what these 
observations reveal during the early phase of the next 
solar cycle, since uncertainty abounds over how quiet 
the Sun has become—stay tuned.

The Orbiting Carbon Observatory-3 (OCO-3) is 
now at Cape Canaveral Air Force Base in Florida 
getting ready for launch as a part of the Commercial 
Resupply Service #17 (CRS17) to the ISS, scheduled 
for April 25, 2019. The OCO-3 payload was trucked 
from NASA/Jet Propulsion Laboratory in California 
to NASA’s Kennedy Space Center in December 2018.  
Since then, the spacecraft has been integrated with 
the SpaceX Dragon Trunk. Now, OCO-3 waits with 
other cargo for the scheduled launch on the SpaceX 
Dragon cargo spacecraft on the Falcon 9 rocket. Once 
deployed on the ISS, the in-orbit checkout (IOC) for 
OCO-3 is expected to last no more than 90 days. The 
Level-1b (L1b) product will be released 90 days after 
the end of IOC and the Level-2 product 90 days after 
the L1b release.

OCO-3, flying the OCO-2 flight spare instrument, 
will extend the atmospheric carbon dioxide (CO2) 
data record begun by OCO-2 in 2014 into the diur-
nal domain. The OCO-3 instrument was upgraded to 
include an agile Pointing Mirror Assembly that allows 
the instrument to operate in a snapshot mode to provide 
highly dense data coverage over an area of about 50 x 
50 mi (80 x 80 km). In addition to CO2, OCO-3 will 
provide Solar Induced Chlorophyll Fluorescence (SIF), 
a byproduct of photosynthesis. OCO-3 will leverage 
OCO-2 data processing and algorithms.

OCO-3 will be installed on the Japanese Experiment 
Module-Exposed Facility (JEM-EF) in site #3. Two 
other NASA instruments are already installed on 
JEM-EF—ECOSTRESS and GEDI. These three ISS 
instruments will offer an unprecedented view of ecosys-
tems through near coincident retrievals of evapotranspi-
ration, biomass structure, CO2, and SIF. 

Note: List of undefined acronyms from the Editor’s Corner and the 
Table of Contents can be found on page 39.
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s A Thirtieth Anniversary Reflection from the 
Executive Editor
Alan B. Ward, NASA’s Goddard Space Flight Center/Global Science & Technology Inc., alan.b.ward@nasa.gov

This issue marks the thirtieth anniversary of the release 
of the first issue of The Earth Observer. This is a remark-
able achievement for a NASA publication. It’s also a 
source of immense pride for me, because my entire 
professional career has been spent supporting work 
related to NASA Earth Science. More specifically, I’ve 
been reviewing content and occasionally contributing 
articles for The Earth Observer since 2001—and since 
2006, I have been its executive editor. In that role, I not 
only edit every word that is published in the newslet-
ter, in consultation with other members of the edito-
rial team (and with the EOS senior project scientist as 
required), I also plan each issue and develop an overall 
vision for the publication. 

As the executive editor, I wrote this personal perspec-
tive, but—clearly!—I don’t do what I do alone. As 
noted above: I have the help of a talented team that 
currently includes four other editors and a designer. I 
want to extend kudos to the current team: to Heather 
Hanson, Mitchell Hobish, Ernest Hilsenrath, 
Douglas Bennett, and Debbi McLean; thanks to each 
of you for all you do!1 This team not only spends many 
hours researching articles we write ourselves, but many 
more hours editing contributions from other authors 
involved in various aspects of NASA Earth Science 
(e.g., research, applications, education), helping them 
transform rough drafts into publishable newsletter arti-
cles. One contribution that is specific to me is that each 
Editor’s Corner must be meticulously researched, writ-
ten, and fact checked, as it represents an official record 
of the highlights of NASA Earth Science at that given 
moment in time from the perspective of the EOS senior 
project scientist.2 Much of the work our editorial team 
does is behind the scene and therefore “transparent” to 
readers, but without it the bimonthly publication of 
The Earth Observer would not be possible.

In many ways, the publication you hold in your 
hand—or perhaps you’re scrolling through as a .pdf 
file on your computer or tablet—doesn’t look much 

1 It is also fitting to acknowledge Claire Parkinson [NASA’s 
Goddard Space Flight Center—Aqua Project Scientist], who 
conducts a final review of most issues prior to printing. We 
appreciate her ongoing contributions to the quality of The 
Earth Observer. 
2 The editorials (and old newsletters) were a major source 
of information for the article “A Trip Through Time via the 
Archives of The Earth Observer,” which starts at the begin-
ning in March 1989 and travels forward in time to March–
April 2018, making several stops along the way to highlight 
what was going on at that time. You can read it in the March–
April 2018 issue of The Earth Observer [Volume 30, Issue 2, 
pp. 5-11—https://eospso.nasa.gov/sites/default/files/eo_pdfs/Mar_
Apr_2018_color%20508_0.pdf#page=5].

like Volume 1, Issue 1 did in March 1989, shortly 
after the official beginning of NASA’s Earth Observing 
System (EOS). (The Figure on page 5 shows how the 
look has changed over the years.) As challenging as 
developing the space flight hardware has always been, 
there was an equally large logistics issue that needed to 
be addressed at that time. A huge program involving 
hundreds of researchers strewn all over the nation—
and eventually the globe—was trying to get off the 
ground, and they needed a means to communicate. 
The Internet, which we take for granted today, was in 
its infancy at that time. If you wanted to get the word 
out about upcoming meetings, results from those 
meetings, announcements, and the like, print media 
was still the way to go. Enter The Earth Observer!

The full story of the intimately interconnected history 
of EOS and The Earth Observer was told in our twenty-
fifth anniversary issue and need not be repeated here.3 
Instead, I will offer my own perspective on the publica-
tion’s evolution over the time I have been involved—
which encompasses about two-thirds of the newsletter’s 
history. Thus, the reflections that follow don’t necessar-
ily represent NASA’s official position on this publica-
tion. Rather, they are my own reflections based on my 
nearly 20 years of working on The Earth Observer. 

When I made my first contribution to The Earth 
Observer in 2001, EOS was really just getting started. 
Terra had only launched a couple years earlier and 
the other flagship missions (Aqua and Aura) had not 
yet been launched. During my tenure, I’ve watched 
the EOS Program come of age. The Earth Observer 
has chronicled the establishment and now graceful 
aging of NASA’s Earth-observing fleet of satellites and 
airborne and ground-based sensors. We continue to 
report on NASA Earth Science as we move beyond the 
Suomi NPP and Joint Polar Satellite System (JPSS) 
era, and into other endeavors such as Decadal Survey 
missions, including the Earth Venture element. We’ve 
reported on the launches of new (or recently launched) 
missions along the way, as well as on the remarkable 
scientific achievements of ongoing ones as, one by 
one, they exceeded their planned mission lifetime by 
many years and celebrated a decade or more in orbit. 
We’ve also reported on historical satellite missions 
and programs such as Nimbus and—on page 7 of this 
issue—Vanguard, which also encompasses Explorer and 

3 To read the full story, refer to “The Earth Observer: Twenty-
Five Years Telling NASA’s Earth Science Story” in the March–
April 2014 issue of The Earth Observer [Volume 26, Issue 2, 
pp. 4-13—https://eospso.nasa.gov/sites/default/files/eo_pdfs/
Mar-Apr2014_508finalcolor.pdf#page=4]. 
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The look of The Earth Observer has evolved 
over the years. This graphic shows the 
different front-page layouts that have 
been used. Note how our logo evolved 
and eventually disappeared. After 2004, 
new NASA communications guidelines 
required the NASA logo to be shown on 
the front instead of the individual program 
logo. Since 2011, online issues of The 
Earth Observer have been available in color.
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TIROS4 in its story, and the pioneering role that each 
of these programs played in laying the groundwork for 
EOS and the missions and programs that build on its 
rigorous scientific and technical heritage. There have also 
been articles that look ahead to preview future missions, 
or give an overview of both current and future Earth 
observing capabilities from a particular vantage point 
(e.g., geostationary orbit). 

As noted earlier, EOS wasn’t simply a satellite-based 
program. The Earth Observer has also reported on 
complementary ground elements, describing results 
from field campaigns and other ground-based observa-
tion programs over the years. A favorite article of mine 
was the report on the FIFE and BOREAS campaigns,5 
on the occasion of a meeting held to mark the twenty-
ninth anniversary of FIFE’87.6 I was the lead author 
on an article we published that combined a histori-
cal summary of FIFE and BOREAS with a summary 
of the meeting. We’ve also published feature articles 
on more-general topics, such as Earth Science Mission 
Operations,7 responsible for keeping the fleet flying 
safely, and Earth Science Data Operations,8 which 
includes the Earth Observing System Data and 
Information System (EOSDIS). There have also 
been shorter tutorial articles published on EOSDIS 
applications, such as Worldview and the Global 
Imagery Browse Service, to better inform our reader-
ship of the vital supporting role these activities play 
in providing timely access to Earth science data 
and information, which is critical to the success of 
NASA’s research endeavors. 

Perhaps the series I take the most personal pride in is 
our Perspectives on EOS series, which ran from 2008 
through 2011.9 It really didn’t begin with a series in 
mind; it started with an article that I wrote for the 
4 TIROS stands for Television Infrared Observation Satellite. 
5 FIFE stands for First International Satellite Land Surface 
Climatology Project (ISLSCP) Field Experiment, with 
campaigns to the Kansas prairie in 1987 and 1989; BOREAS 
stands for Boreal Ecosystem–Atmosphere Study, a joint U.S.-
Canadian endeavor with preparatory activities in 1993 and 
field deployments to Western Canada in 1994 and 1996. 
6 See “Reflections on FIFE and BOREAS: Historical 
Perspectives and Meeting Summary” in the January–February 
2017 issue of The Earth Observer [Volume 29, Issue 1, 
pp. 6-23—https://eospso.nasa.gov/sites/default/files/eo_pdfs/
Jan-Feb%202017%20color%20508.pdf#page=6].
7 See “Earth Science Mission Operations, Part I: Flight 
Operations—Orchestrating NASA’s Fleet of Earth Observing 
Satellites” in the March–April 2016 issue of The Earth 
Observer [Volume 28, Issue 2, pp. 4-13—https://eospso.
nasa.gov/sites/default/files/eo_pdfs/Mar_Apr_2016_508_color.
pdf#page=4].
8 See “Earth Science Data Operations: Acquiring, 
Distributing, and Delivering NASA Data for the Benefit of 
Society” in the March–April 2017 issue of The Earth Observer 
[Volume 29, Issue 2, pp. 4-18—https://eospso.gsfc.nasa.
gov/sites/default/files/eo_pdfs/March%20April%202017%20
color%20508.pdf#page=4].
9 The Perspectives on EOS series of articles has been compiled 
as a single volume and is available at https://eospso.nasa.gov/
earthobserver/new-perspectives-eos.

newsletter’s twentieth year, and grew organically into 
a compendium of recollections and memories from 
key members of the EOS program. It is often said 
that history is the telling of a personal story, and that 
was certainly true with these articles, as the storytell-
ers had actually lived them. We were fortunate to get 
contributions from the likes of Dixon Butler, Piers 
Sellers, Michael King, and Ghassem Asrar, all of 
whom played prominent roles in the early history 
of EOS. One of our hopes in compiling these arti-
cles was that lessons learned in making EOS a real-
ity could be applied by those tasked with implement-
ing new missions through today and into the future. 
Feedback we have received on those articles indicates 
that we attained that objective. If ever someone endeav-
ors to write an official history of EOS, these articles, 
combined with other content from our newsletter, 
could prove to be a valuable resource. 

Meeting summaries and workshop reports have been 
part of The Earth Observer from the very first issue, 
and remain so today—see several examples in this issue 
beginning on page 19. In the early days, when Internet 
access wasn’t as widespread as it is today, the newslet-
ter printed meeting minutes almost verbatim. At that 
time, a printed summary was the most efficient—and 
often the only—way to get the word out about the 
results of the meeting. The problem was that meeting 
minutes don’t make for the most interesting newslet-
ter articles. If you aren’t a member of the science team 
or an expert on the workshop’s subject matter, you 
could quickly lose interest. Today, details of virtually 
every meeting are readily available online and printing 
pages of summary are no longer economically or envi-
ronmentally justifiable. Thus, we focus on “telling the 
story” of each event, providing a high-level summary 
with more-detailed reporting on individual presenta-
tions as deemed appropriate. We always include a URL 
that interested readers can follow to find more detailed 
information. This is clearly a viable approach, as some 
of the teams who reported in those first issues in 1989 
are still contributors to our newsletter today.

While much has changed aesthetically and in terms of 
content in 30 years, The Earth Observer’s core commit-
ment remains the same as it was with that very first issue: 
To report timely news and events from NASA’s Earth Science 
Program. As has been the case for the past three decades, 
the future will inevitably require us to learn to navi-
gate new modes of communication (e.g., we’ve experi-
mented with an iBook version of the newsletter and ways 
to get more of our material posted online). Regardless 
of communications medium, our core commitment to 
telling compelling stories about NASA Earth Science 
remains the same. It has been my honor to serve as 
executive editor for a baker’s dozen of years, and I look 
forward to seeing what comes next for The Earth Observer 
as we begin our fourth decade. I think it’s been a good 
run so far—but I hope our best is yet to come!  
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Ernest Hilsenrath, University of Maryland, Baltimore County, Global Science & Technology, Inc., hilsenrath@umbc.edu

Introduction

It is a season of milestones for NASA. Last year (2018) was the sixtieth anniversary of 
the agency’s founding. It was also the sixtieth anniversary of the launch of Explorer 1, 
the first satellite to transmit scientific data from space. Just ten years after Explorer 1, 
in 1968, NASA flew Apollo 7, the first crewed Apollo flight in our race to the Moon. 

Other significant NASA anniversaries are taking place in 2019 as well. The first 
manned lunar landing by Apollo 11 riveted the world 50 years ago this July. And a 
new era of Earth-science observatories came online with the launch of Terra, the first of 
NASA’s Earth Observing System (EOS) flagship satellites, 20 years ago this December. 

This article is written on the occasion of a lesser-recognized, but still significant, mile-
stone happening in 2019: the sixtieth anniversary of the launch of Vanguard II on 
February 17, 1959. The successful launch of this mission laid the foundation for the 
way we collect Earth science data from space. The mission opened the pathway for 
the development of the first meteorological satellites, which were then followed by 
modern high-performance satellites and instruments capable of observing Earth as a 
system of interrelated geophysical and biological disciplines. Despite the tribulations 
of the U.S.’s initial efforts to reach space, the development and success of Vanguard 
pointed the way by which we build, test, launch, and operate satellites to this day. 
Therefore it’s appropriate that this article appear in the thirtieth anniversary issue of 
The Earth Observer, which has dedicated to reporting on the progress and accomplish-
ments of NASA Earth Science since its inception in March 1989. 

Vanguard’s history is more than a story of satellite and rocket hardware development. 
It is also a human drama, as it encompasses the successes and failures of the efforts of 
scientists and engineers who envisioned this new frontier. The story involves national 
politics, budget uncertainties, military service rivalries, technological challenges, and 
scientific competition. Unfortunately, space available in The Earth Observer permits 
only this shortened story of Vanguard, which focuses on its role as a pioneer for the 
development of Earth-observing satellites. There are, however, excellent sources which 
lucidly recount Vanguard’s story in more detail. This author relied heavily on these 
sources, which are listed in the Acknowledgments at the end of the article, and highly 
recommends them to those who wish to know “the rest of the story.” 

The Space Frontier: Rocket Early History 

The greater part of the Vanguard story unfolds at the dawn of the space age as NASA 
[specifically, Goddard Space Flight Center (GSFC)] was being established. However, 
the story actually begins late in the nineteenth century when Konstantin Tsiolkovskiy, 
a Russian scientist, showed by means of the laws of motion the feasibility of using a 
reactive force to propel a rocket into space above the pull of Earth’s gravity. His most 
important work, published in 1903, was Exploration of Outer Space by Means of Rocket 
Devices, in which he described how a multistage rocket, using liquid oxygen and 
hydrogen as fuel, could put a satellite into orbit around Earth.

A few decades later, in 1929, Romanian-born Hermann Oberth worked out similar 
formulas and subsequently published a book titled The Rocket into Planetary Space, 
which explained how rockets could escape Earth’s gravitational pull. After receiving 
a patent for his rocket design, Oberth launched his first rocket on May 7, 1931 near 
Berlin, Germany. At that time, Oberth became a mentor to a young assistant by the 
name of Wernher von Braun. Von Braun would go on to play a prominent role as a 
pioneer in American rocketry, as described here. 

This article is written on 
the occasion of a lesser-
recognized, but still 
significant, milestone 
happening in 2019: the 
sixtieth anniversary of the 
launch of Vanguard II on 
February 17, 1959.
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s While these studies were virtually unknown in the English-speaking world, around 
the same time, Robert H. Goddard independently demonstrated, in his Clark 
University laboratory in Worcester, MA, that rocket propulsion would function in a 
vacuum. In 1917 he received a grant from the Smithsonian Institution to continue his 
experiments. Under this grant the Smithsonian published Goddard’s report, Method 
of Reaching Extreme Altitudes. Although his grant ended, he continued his research at 
Clark University to develop a rocket that could reach the ionosphere. As Goddard’s 
research was successful, he showed how rockets could be used not only for atmo-
spheric research, but also as ballistic missiles and for space travel.

Between the world wars, Goddard showed his work on rocketry to the U.S. Army but 
was turned away, since the Army at that time failed to grasp the military application 
of large rockets. After World War II, the U.S., now recognizing the value of rocket 
missiles from the success of the German V-2 bombardment of London during the 
war, began its missile development using captured V-2 rockets. Wernher von Braun 
and other German technicians who immigrated to the U.S. (1945) after the war and 
settled in to work at the Army Ordnance Proving Ground at White Sands, NM, 
became key players in this effort.

During the period from 1945 to 1955, the development of rocket missiles continued 
while U.S. and German scientists and engineers began experiments that replaced 
warheads with scientific instruments intended to explore the upper atmosphere. 
This effort was led by the Naval Research Laboratory (NRL). Initially, the tests were 
conducted using V-2 rockets; however, the supply was running out, so the Navy began 
developing specifications for a new sounding rocket to study the upper atmosphere.

Army–Navy Competition: First in Orbit

Although the Army’s priority was missile development, while the Navy’s was scientific 
investigation, competition developed between the Army and Navy, who both strived 
to be the first to put a satellite into orbit. By the mid-1950s, rockets were reach-
ing heights of 100 km (~62 mi) with increasingly more sophisticated control and 
guidance systems—but not nearly high enough to achieve orbit. In the interim, the 
National Academy (NA)1 and the National Science Foundation (NSF) debated how 
an Earth-orbiting satellite would benefit science. The likes of Homer Newell, William 
Pickering, John Townsend, Milton Rosen,2 and the legendary James Van Allen became 
strong links between the scientific community and the U.S. Department of Defense, 
which was overseeing all rocket development efforts at the time. 

Understanding the origins and structure of the ionosphere was a priority for both the 
NA and NSF. In the 1950s, the ionosphere could only be probed by sounding rock-
ets from fixed locations, whereas it was becoming increasingly clear even at these early 
stages that global measurements were needed. After almost a decade of scientific and 
technical development and political debate, top-level government officials acknowl-
edged that developing and launching satellites were in the national interest. In January 
1955 a NA special study group, the Subcommittee on the Technical Feasibility of a 
Long Playing Rocket (i.e., a satellite), began evaluating the rocket-satellite schemes 
being developed by both the Army (called Explorer) and the Navy (called Vanguard). 

In early 1955 NRL proposed the Vanguard satellite system, titled A Scientific Satellite 
Program. The Vanguard proposal was based on a civilian launch vehicle, the Viking, 
developed by the Glenn L. Martin Company (now Lockheed-Martin) and intended to 

1 Now the National Academies of Sciences, Engineering, and Medicine.
2 These individuals eventually served as an Associate NASA Administrator, Director of NASA/
Jet Propulsion Laboratory, Director of NASA’s Goddard Space Flight Center, and NASA 
Headquarters Launch Vehicle Director, respectively.
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scientific satellites. The proposed payload was highly innovative for that time, and was 
controlled by unique spacecraft support systems (e.g., power, telemetry, command) that 
turned out to be the precursors of systems employed on current satellites. 

In the meantime, the Army was pursuing its own mission, led by von Braun, to orbit a 
satellite using a descendent of the German V-2 military rocket developed by the Army 
Ballistic Missile Agency (ABMA) in Huntsville, AL. In order to meet the science objec-
tives of IGY, the ABMA team asked James Van Allen, who was interested in conducting 
a worldwide survey of the cosmic-ray intensity above the atmosphere, to join in the effort.

In order to make a decision on which mission to fly, an endorsement had to be made by 
the NA. In addition, because launching an instrument-carrying Earth-orbiting satellite 
would be expensive and because contributions to the IGY would require sharing infor-
mation with other nations, approval of the plan had to come directly from the presi-
dent, but first required approval by the National Security Council (NSC). The Council 
imposed two conditions on the plan selection: First, the plan must show peaceful 
purposes of the effort; and second, that it must not interrupt development of military 
ballistic missiles. Because NRL’s goal was to build a rocket only for atmospheric research, 
it was clear that only the Navy’s Vanguard mission could meet those two criteria.

On July 28, 1955, the White House announced that President Eisenhower had 
approved plans for the U.S. to go ahead with the launch of an Earth-orbiting satel-
lite as part of this country’s participation in the IGY. Subsequently, the Army put 
their proposed Explorer mission on the shelf—for the time being. The Navy’s march-
ing orders were to place their Vanguard satellite in orbit during the IGY, accomplish 
a scientific experiment in orbit, and track the satellite and ensure its orbit was main-
tained. The condition that the Navy employ rockets used for scientific research rather 
than military missiles was still an NSC requirement.

Vanguard: Development, Test, and Failure

Once NRL was chosen to lead the program, it scrambled to form a team—180 
members at the peak activity—to build and test the spacecraft, instruments, and their 
supporting systems. A major task was to write the specifications for the Viking launch 
vehicle. Glenn L. Martin Corporation was selected, since they were already manu-
facturing rocket vehicles for the NRL sounding rocket program. The development 
complexity, establishing the funding source, and the politics behind the selection 
resulted in enormous pressure on NRL to successfully launch a satellite. In response 
to this pressure, the team included experienced scientists from NRL and engineers 
from both NRL and Glenn L. Martin. The schedule required a launch by the end of 
1958, coinciding with conclusion of the IGY. Concurrently the NA, through the IGY 
Satellite panel, was finalizing the selection of the scientific instruments for space flight. 

Because there were no suitable civilian satellite-launching facilities, NRL 
constructed the first complete facility in Cape Canaveral, FL, in 1957. The planned 
Vanguard launch vehicle consisted of three stages and utilized upgraded but proven 
rockets used for atmospheric research soundings.4 An important innovation of the 
first stage Viking rocket, first tested by Robert Goddard, was its ability to steer with 
a dual-axis gimbal during the thrust phase. Gimbaled first-stage guidance is now 
universally employed on all launch rockets since Vanguard.
3 The IGY (1957-1958) was established to allow scientists around the world to take part in a series 
of coordinated observations of various geophysical phenomena. By the close of the activity, 67 
countries had become involved. IGY activities spanned much of the globe including the North 
to the South Poles. The measurement campaigns were timed to coincide with the high point of 
sunspot activity in the Sun's eleven-year cycle.
4 The three stages consisted of the Viking, Aerobee, and solid-fuel rockets. They were built by 
Glenn L. Martin, Aerojet General, the Johns Hopkins University’s Applied Physics Laboratory, 
and the Atlantic Research Corporation, respectively.  The second and third stages were used 
extensively during the IGY, where NASA and its predecessors were the primary users, for 
atmospheric research.
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s Another key component of the program was the satellite tracking system. NRL was 
already putting a system in place called Minitrack. It was initially operated by NRL, 
and had stations around the world that are still functioning. Minitrack was the first 
network to provide downrange instruments with the capability to determine a satel-
lite’s orbit. It was the predecessor to the current Spaceflight Tracking and Data 
Network (STDN), which began operations in the late 1970s and is managed and 
maintained at GSFC to this day.

NRL established a series of test flights called Test Vehicles, or TVs, beginning with 
TV-0. Each flight was designed to determine the performance and reliability of the 
vehicle and spacecraft. For example, the TV-0 objectives were to evaluate the satellite 
subsystems and the overall performance of the launch operations. The successful flight 
launched in December 1956, and reached an altitude of 78 km (48 mi), achieving 
nearly all of the engineering objectives. A further example, TV-3, using the complete 
three-stage launch system, was to place a 2-kg (4.4-lb) satellite into orbit to determine 
atmospheric density and the shape of Earth. Unfortunately, one second after launch 
the first stage lost thrust, and the entire vehicle fell back on the launch stand and 
exploded. The TV-3 Backup was also unsuccessful one minute after launch, when the 
vehicle control system failed. 

Each of the fourteen Vanguard launches revealed problems, despite careful testing of 
the of the launch and payload components. After each frustrating failure, NRL insti-
tuted further quality control inspections and tests—forerunners of today’s procedures. 
At this time, Vanguard’s story intersected with—and was changed by—a story unfold-
ing on the other side of the world—the unexpected successful launch of a satellite by a 
U.S. adversary. 

Sputnik: Launch Shocks the World      

While the world’s leading scientists debated the possibilities of spaceflight and 
the U.S. deliberated on missile defense versus meeting IGY science objectives, the 
country then known as the Union of Soviet Socialist Republics (USSR) orbited 
the world’s first artificial satellite, Sputnik, on October 4, 1957. Sputnik I was an 
aluminum sphere about the size of a beach ball. It weighed 84 kg (185 lb)—much 
heavier than America’s planned Vanguard satellites, with weights ranging from a 
few kilograms to 24 kg (53 lb). Sputnik, which means “traveling companion” in 
Russian, orbited Earth once every 96 minutes and remained in orbit until January 
1958.5 Amateur radio operators could easily pick up the distinctive beeping signals it 
continually broadcast.6 
  
The successful launch by our Cold War adversary took America by surprise; suddenly 
the possibility of an intercontinental missile strike seemed much more a reality. 
President Eisenhower called for calm; he stated that the Soviet satellite was not a 
threat—and that the launch of a U.S. satellite was imminent.

History changed on that day in October. While the Sputnik launch was a single event, 
it was the beginning of new political, military, technological, and scientific era. The 
launch marked the start of the Space Age and what became known as the U.S.–USSR 
Space Race. Immediately after the Sputnik launch, the U.S. Department of Defense 
reacted to the subsequent political alarm by approving funding for another satellite 
project to insure a prompt response by the U.S. to the Soviet achievement. As a paral-
lel effort to Vanguard, Wernher von Braun and his U.S. Army team were directed to 
resume work on their Explorer project.

5 Sputnik 2 was the second spacecraft launched into Earth orbit, on November 3, 1957. It was 
the first to carry a living animal—a Soviet space dog named Laika—who died a few hours after 
the launch.
6 You can hear a recording of Sputnik’s signal at https://history.nasa.gov/sputnik/sputnik.wav.
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The Army team consisted of the ABMA Jupiter-C rocket program, based in 
Huntsville, AL, and the California Institute of Technology’s Jet Propulsion Laboratory 
(JPL) in Pasadena, CA. JPL designed and built the Explorer satellite, while ABMA 
modified the Jupiter-C to the so-called civilian Juno launch vehicle. The ABMA and 
JPL completed this modification and building the Explorer 1 payload, respectively, 
in 84 days. Unannounced to the public, the Juno rocket was launched from Cape 
Canaveral and successfully put the Explorer I satellite into orbit on January 31, 1958.  
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The Explorer 1 payload included an instrument to measure cosmic rays, designed a
built under the direction of James Van Allen of the University of Iowa. But it did n
have a tape data recorder, so only real-time data when the satellite was over a groun
station were retrieved. George Ludwig (a GSFC pioneer), of Iowa’s Cosmic Ray 
Laboratory, built the omnidirectional Geiger-Müller tube to detect cosmic rays, wh
unexpectedly was saturated most of the time once in orbit. The payload also includ
sensors to monitor micrometeorite impacts and measure temperatures throughout the 
payload. Figure 1 is an illustration of the science payload as attached to the rocket 
launcher’s fourth stage. 

Although the USSR beat the U.S. in placing a satellite into orbit, Explorer I was 
the world’s first satellite to return scientific data from space. Explorer 2, similar to 
Explorer 1, was launched on March 5, 1958, but the fourth stage of the Juno rocket 
failed to ignite. Explorer 3 was successfully launched just 21 days later, on March 
26, 1958, and operated until June 16. Explorer 3 solved the mystery of the saturated 
Geiger counter on Explorer 1. The data collected during the mission concluded that 
the Explorer 1 Geiger counter had been saturated by strong radiation coming from a 
region of previously unknown charged particles trapped in space by Earth’s magnetic 
field. Subsequent satellites further explored this region and found two distinct “belts” 
of charged particles. These are now known as the Van Allen Radiation Belts, and their 
discovery was considered to be one of the outstanding discoveries of the IGY. 

Vanguard: Finally, a Success

While the Sputnik and Explorer launches took place, NRL continued to improve the 
Vanguard rocket systems with a series of test launches. Concurrently, the capabilities 
of science payloads became more sophisticated for investigating the space environ-
ment. For example, improved instruments were developed to measure variations in 
the intensity of solar X-ray and Lyman-a radiation and to explore Earth’s magnetic 
field. There were also plans to deploy an expandable sphere to measure the upper-
atmospheric density. 

Figure 1.  Illustration of 
Explorer 1. The satellite 
weighed 13.4 kg (29 lb). 
Image credit: U.S. Army/
JPL/NASA
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s TV-4 launched on March 17, 1958,7 see Figure 2—with engineering and science 
objectives similar to those for the failed TV-3 mission described earlier on page 10. 
Once in orbit, TV-4 was renamed Vanguard I and was the second U.S. satellite, after 
Explorer 1, which had launched three months earlier, as noted previously. A picture 
of Vanguard I Backup appears in Figure 3. The primary purpose of the launch, which 
was to test the performance of the Vanguard rocket, was clearly achieved as the orbit 
of the small sphere was remarkably stable. Although orbiting this small 2-kg (4.4-lb) 
satellite was far from the final objective of a 20-kg (44-lb) instrumented satellite, the 
confidence placed in Project Vanguard was justified. 

Further objectives for 
Vanguard were to evaluate 
satellite thermal parameters 
and to check the life of 
solar cells in orbit. Probably 
the most notable science 
contribution was the 
discovery that Earth is not 
a sphere, but shaped like 
a pear. Scientists also were 
able to study and measure 
the density of the atmo-
sphere in a region some 
750 km (466 mi) above 
Earth. Vanguard I provided 
extensive measurements of 
air density variations asso-
ciated with solar activity 
changes and the first quan-
titative data on how solar 
radiation pressure affects a 
satellite’s orbit.

Civilian U.S. Space Science: NASA Takes Responsibility

About six months after the launch of Sputnik I, the President’s Science Advisory 
Committee and the President’s Advisory Committee on Governmental Organization 
recommended the establishment of a civilian agency to direct nonmilitary space activ-
ity. President Eisenhower sent a message to Congress on April 2, 1958, which stated 
that “…aeronautical and space science activities sponsored by the U.S. should be 
conducted under the direction of a civilian agency except for those projects primarily 
associated with military requirements.” As a result of this message, and after lengthy 
congressional hearings, Congress enacted the National Aeronautics and Space Act,8 
(Public Law 85-568), and signed it into law on July 29, 1958. This law established the 
National Aeronautics and Space Administration, now so familiarly known as NASA, 
to replace the earlier National Advisory Committee for Aeronautics (NACA), which 
had been in place since March 3, 1915. It also incorporated several other government 
agencies that dealt with civilian space research and aeronautics into the new agency—
which was given full responsibility for conducting scientific exploration of space for 
peaceful purposes.

The initial implementation of this responsibility was assigned to the newly created 
GSFC, which started a management and engineering infrastructure to develop a scien-
tific satellite program. This included taking over and completing the Vanguard program 

7 To see how much a launch event has changed since 1958, and how much it has not, watch the 
video at https://www.nrl.navy.mil/vanguard50/vanguard_launch.mp4. Note: Video may not play 
on some web browsers.
8 The entire text of the law can be found at https://history.nasa.gov/spaceact.html.

Figure 2. Vanguard I launch, 
March 17, 1958. Image credit: 
Naval Research Laboratory

Figure 3. Vanguard I Backup on display at the Smithsonian Institution’s 
National Air and Space Museum (NASM). Image credit: NASM
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was assuming the responsibility for the peaceful purposes of space activities, a number 
of Department of Defense programs were transferred to GSFC in 1959. Among them 
were the meteorological and communications satellites under development by the 
Army Signal Corps Engineering Laboratories (SCEL),9 in Fort Monmouth, NJ. To 
further consolidate NASA’s space science program, JPL, which designed, built, and 
operated the first five Explorer satellites of the series, turned the project over to GSFC 
in 1960. 

Vanguard II: Precursor to Meteorological Satellites

The NA Space Panel continued to provide guidance for selecting instruments to either 
fly on Vanguard or Explorer. The criteria required that the instruments be compat-
ible with mission objectives that included the expected orbit, the available spacecraft 
resources to operate the instruments, and their technical maturity. The Panel set up 
a hierarchy of “packages” containing an array of instruments to facilitate selection on 
when to fly and on which platform, Explorer or Vanguard. 

Two instruments, pertinent to future Earth science missions, were considered for 
Vanguard II. The first was an optical cloud mapper, which was a scanner for meteoro-
logical observations, prepared by William G. Stroud of the SCEL. Its primary objective 
was to measure the global distribution and movement of cloud cover and to relate it 
to the large-scale meteorological features of the Earth. The basic data were the contrast 
between sunlight reflected from cloud, sea, and land masses mapped out as the satel-
lite spun on its axis. Two photocells would look out in opposite directions at a known 
angle to the spin axis of the satellite. The signals from the photosensitive cells would 
be stored on an on-board analog tape recorder. A switch would turn the instrument off 
during the night and turn it on again when the satellite reemerged from darkness.

The other instrument was proposed by Verner E. Suomi of the University of Wisconsin. 
The objective of his experiment, known as Radiation Balance of the Earth, was to 
measure the longwave radiation emitted from Earth, the shortwave radiation reflected 
from Earth, and direct sunlight impinging on the Earth. Harry Wexler10 of the U.S. 
Weather Bureau (USWB), who had submitted a somewhat similar but more compli-
cated experiment, supported Suomi’s proposal as scientifically important and technically 
feasible. Suomi’s instrument consisted of four small thermistors mounted on the ends 
of the satellite antennas: one sensor would be sensitive only to longwave radiation emit-
ted by Earth’s surface; the second, sensitive to other types of radiation; and the third and 
fourth sensors sensitive only to shortwave radiation reflected from Earth. 

The Panel decided to fly the optical cloud mapper on Vanguard II and the Radiation 
Balance experiment would fly on Explorer 7,11 which launched in October 1959. 
The Explorer 7 Earth radiation measurement became the precursor of NASA’s Earth 
Radiation measurements that continue to this day with NASA’s research satel-
lites and the operational satellites of the National Oceanic and Atmospheric 
Administration (NOAA).
9 The Army’s Signal Corps Engineering Laboratories (SCEL) contributed the complete electron-
ics package for Vanguard II including solar cell batteries. They also played an important role 
in the International Geophysical Year (IGY) with their upper air research and measurement 
of winds and temperatures using sounding rockets. SCEL scientists and engineers were also 
responsible for developing instruments that were to fly on future meteorological satellites. 
10 Harry Wexler was the Chief Scientist for what was then the U.S. Weather Bureau. He was 
a pioneer in weather research and was Chief Scientist for IGY Antarctica expedition. He also 
lectured on nuclear winter and ozone depletion in the 1960s, and discussed the use of weather 
satellites with Arthur C. Clarke, the originator of the concept of geosynchronous communica-
tions satellite orbits.
11 The Radiation Balance instrument operated as planned, but did not have access to a data stor-
age unit. For the data received, the measurements showed that large-scale outward radiation flux 
can be related to large-scale weather features. Eventually the data were used to estimate heating 
and cooling of the atmosphere.
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s Vanguard II was launched by NRL under the direction of GSFC on February 17, 
1959.12 This was the first full-scale Vanguard mission, with a 0.51-m (20-in) diam-
eter sphere weighing 9.5 kg (21 lb)—see Figure 4. The satellite is still in orbit to this 
day. Vanguard II’s orbit was perfect, giving the satellite a long lifetime in space. The 
support systems, electrical power (from batteries and solar cells), tape recorder, and 
telemetry all operated as planned. The cloud cover sensor system worked well, indi-
cating extensive detail the variations of the reflected Earth radiation received by the 
satellite. But the data proved difficult to analyze because the satellite developed a 
large precession (likely because of a misalignment of the separation device in the third 
stage as the satellite was ejected into orbit) that caused it to move erratically, thereby 
constantly shifting its attitude relative to Earth. Although the scientists were unable 
to make a complete map of Earth’s cloud cover, the experience gained from the flight 
led to much-more-capable meteorological satellites and their instruments. As a result, 
Vanguard II became known as the forerunner of the seminal Television and InfraRed 
Observation Satellite (TIROS) mission, discussed later. 

Vanguard II also carried instruments to measure Earth’s magnetic fields and incident 
solar X-rays. Because of its symmetrical shape and drag properties, changes in the 
satellite orbit enabled the calculations of upper atmospheric densities as a function of 
altitude, latitude, season, and solar activity. As the three Vanguard satellites are still 
orbiting with their drag properties essentially unchanged, their data form a viable and 
important baseline of atmospheric density distribution to this day. 

Vanguard III was launched on September 18, 1959, and put the 22.7-kg (50-lb) satellite 
into the planned orbit of 377-km (234-mi) apogee and 517-km (321-mi) perigee. The 
satellite carried several scientific instruments, including an NRL-contributed instrument 
to measure solar X-rays, as well as three GSFC-contributed instruments to measure 
magnetic fields, micrometeoroid impacts, and satellite temperatures. The ionization 
chambers from NRL were saturated most of the time because of the high apogee of the 
satellite. This result enabled scientists to refine their determinations of the lower edge of 
what later became known as the inner Van Allen radiation belt (discovered by Explorer 
I) when the chambers came out of saturation as the satellite approached perigee. 
GSFC’s magnetometer worked well; it showed there were systematic variations from the 
predicted fields. The micrometeoroid experiment was successful as well. 

Although Vanguard III remains in a stable orbit, the satellite stopped transmitting on 
December 11, 1959, about two months after launch. As this mission used the last of 
the seven launch vehicles procured by the Navy for the IGY, and since NASA decided 
not to procure more, Project Vanguard came to an official end shortly after this flight.
12 To watch a video that describes one of Vanguard II’s mission objective and its launch, visit 
https://www.youtube.com/watch?v=1Azape1hQuE.
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Figure 4. The diagram [left] shows the Vanguard II payload.  The photo [right] shows the Vanguard II backup, which is stored in a warehouse at 
GSFC. Image credits: Diagram—NASA; Photo—Paul Newman [GSFC]

...Vanguard II became 
known as the forerunner 
of the seminal Television 
and InfraRed Observation 
Satellite (TIROS) mission, 
discussed later.

As the three Vanguard 
satellites are still 
orbiting with their drag 
properties essentially 
unchanged, their data 
form a viable and 
important baseline of 
atmospheric density 
distribution to this day.



The Earth Observer March – April 2019 Volume 31, Issue 2 15

fe
at

ur
e 

ar
tic

le
sMany of the early experiments from both Explorer and Vanguard missions were 

follow-ons from initial discoveries of the Van Allen belt characteristics and their inter-
action with Earth’s magnetic field. Explorer 6 carried five instruments that were to 
measure various types of solar radiation and magnetic fields and to televise Earth’s 
cloud cover.13 The mission only lasted about two months, but was likely the first space 
mission to explore “Sun-weather” phenomena. The pictures of Earth from orbit were 
fuzzy—but the first ever, which in and of itself makes them noteworthy.

Vanguard and Explorer were truly pioneering missions for future Earth science explo-
ration. They demonstrated that a satellite orbiting Earth provides a unique perspec-
tive that can reveal interrelationships of geophysical parameters on a global scale. 
From a technological and organizational view, the words of John Hagan14 are most 
fitting. He stated that: “…the most significant achievement of Project Vanguard was 
to bring together a group of dedicated and talented scientists and engineers who came 
to understand the complexities and challenges of the space sciences program. This 
team was assimilated into the National Aeronautics and Space Administration, where 
it became the human core of the Goddard Space Flight Center and served as the foun-
dation for the distinguished space sciences programs which were to emerge.”

Vanguard Evolves: TIROS Becomes Operational for Weather Forecasting

In April 1959 the U.S. Department of Defense’s Advanced Research Projects Agency 
(ARPA) assigned a new satellite program—called TIROS—to NASA. While the 
program was still at ARPA, the Radio Corporation of America (now RCA) was 
contracted to build and test the satellite. The purpose of the TIROS mission was to 
test experimental television techniques designed to develop a global meteorological 
satellite information system. Subsequently, a group was assembled at GSFC to form a 
project to continue the TIROS mission, the core members of which were those who 
had worked on the Vanguard project. The TIROS Project was led by William Stroud, 
who had worked on Vanguard II, as described earlier. 

Much of the Vanguard flight and ground technologies were 
upgraded and subsequently applied to the TIROS mission. 
Additional responsibilities assigned to the TIROS project 
were to coordinate elements of the Department of Defense 
and USWB scientists who would be responsible for analyzing 
the satellite data. This was the beginning of a long-term 
relationship between NASA and what is now called the 
National Weather Service that is now part of the National 
Oceanic and Atmospheric Administration (NOAA). 

The first TIROS payload consisted of wide-angle, low-reso-
lution, and narrow-angle, high-resolution video cameras—
whereas Vanguard only used two photocells viewing in 
opposite directions. Also onboard were a horizon scanner 
and a Sun angle sensor to determine the spacecraft’s atti-
tude—also a major advance over Vanguard. Figure 5 is a 
picture of the satellite on a test stand.

TIROS 1 was launched on April 1, 1960, from Cape 
Canaveral, FL, and put into a 48°-inclination orbit. The 
spin-stabilized satellite axis was fixed to a point to space. 
The cameras viewed Earth in daytime and pointed into 
space at night. The video system relayed about 23,000 
views of Earth with varying cloud cover conditions. How 
clouds were correlated to concurrent meteorological 
13 Watch Explorer 6 on its mission to “Explore the cosmos” at https://www.youtube.com/
watch?v=x-ECknLJsWI.
14 Hagen, John P., “The Viking and the Vanguard,” in Emme, Eugene M. (ed.), The History of 
Rocket Technology (1964), 122-141. John P. Hagen was the Director of Project Vanguard at the 
Naval Research Laboratory.

Figure 5. Engineers prepare to 
perform a vibration test on the 
first TIROS satellite at GSFC 
in 1959. Image credit: NASA
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s features was the subject of research by the USWB. Figure 6 shows a sequence of 
pictures over the Arabian Peninsula and the Mediterranean Sea.15 TIROS 1 operated 
only 78 days, but firmly demonstrated that satellites could be used for global weather 
surveys that would lead to more accurate weather forecasts. 

NASA launched nine more TIROS satellites; the series ended with TIROS 10 on July 
1965. Each successive launch incorporated improvements to the video and space-
craft support systems, which then provided better coverage and spatial resolution. 
Additional meteorological data products, such as temperature, humidity, and cloud 
height, came about as infrared channels were added to the cloud-mapping instrument. 
These additions were a major step forward for improving weather predictions. Satellite 
data could now supplement ground-based data by providing a more global picture of 
atmospheric conditions. With the success of the TIROS series, research mission activi-
ties ended, and an era of operational missions for use by the USWB began. 

Nimbus: First Step in Earth System Science

The story of Vanguard is not complete without mentioning the Nimbus series of 
satellites. Nimbus was developed to further advance spacecraft and instrument tech-
nology and to continue NASA research on Earth science and weather forecasting. 
Its story has been told many times elsewhere, and will not be repeated here.16 The 
Nimbus program was highly successful with seven spacecraft launched into near-
polar, Sun-synchronous orbits beginning with Nimbus-1 launched in August 1964, 
and ending with Nimbus-7, launched in October 1978.

The Nimbus satellite series revolutionized weather forecasting leading to more accu-
rate and timely long-term forecasts. The series provided the first reliable measure-
ments of Earth as a system with near-global and near-simultaneous measurements 
of the characteristics of sea and ice, oceanic plant life, weather phenomena, land use, 
vegetation, and the ozone layer. Nimbus paved the way for NASA’s present day high-
performance Earth-observing satellites such as Aqua, Terra, Aura, Landsat, Global 
Precipitation Measurement, Soil Moisture Active Passive, and many more. 

15 Consider these images with respect to the various “Blue Marble” images from contemporary 
satellites. For example, visit https://jointmission.gsfc.nasa.gov/npp_marble_collection.html.
16 A history and summary of Nimbus key science achievements, titled “Nimbus Celebrates Fifty 
Years,” can be found in the March-April 2015 issue of The Earth Observer [Volume 27, Issue 2, 
pp. 18-31—https://eospso.gsfc.nasa.gov/sites/default/files/eo_pdfs/Mar_Apr_2015_color_508.
pdf#page=18]. 

Figure 6: Sequence of TIROS 
images at intervals of 30 
seconds. The upper row 
shows the Arabian Peninsula. 
The lower row shows the 
Mediterranean Sea. The images 
were captured on April 1 and 
June 18, 1960, respectively. 
Image credit: NASA 

The Nimbus satellite 
series revolutionized 
weather forecasting 
leading to more 
accurate and timely 
long-term forecasts.



The Earth Observer March – April 2019 Volume 31, Issue 2 17

fe
at

ur
e 

ar
tic

le
sMoving Forward, Looking Back: The Vanguard Legacy

As noted, remarkable progress has been made in satellite technologies that enable 
significant improvements in science and applications since the early, exploratory days 
of Vanguard and Explorer. Some examples of this progress follow.

Standing out is the highly improved reliability of launching a satellite and having 
it operate long enough to collect useful science. Using 1958, the year NASA was 
established and began taking responsibility for civilian launches, as the begin-
ning point, there were 21 launches of Explorer and Vanguard, combined. Of these 
launches, 11 failed to deliver science and demonstrate new technology. A mission 
success rate of less than 50% would be unacceptable compared to present launch 
success rates of roughly 95%.17 Whereas the Explorer and Vanguard payloads 
actively operated for roughly a month, a decade or so is typical for modern space 
missions. In fact, today’s satellite missions routinely exceed their designed lifetime 
by many years. For example, Landsat 5 was designed for a minimum 3-year mission, 
but lasted nearly 29 years (from 1984 to 2013). 

Furthermore, as rocket reliability increased so did lift capacity. For instance, early 
satellite weights ranged from about 2 kg (4.4 lb) to about 25 kg (55 lb), while the 
Joint Polar Satellite System (JPSS)18 payload, a moderate-sized spacecraft by today’s 
standards, weighs about 2500 kg (5500 lb). This carrying capacity allows multiple 
instruments to measure the same Earth scenes simultaneously. For instance, JPSS-1 
carries five science instruments—including sounders and mapping imagers that all 
have heritages that can be traced directly to Nimbus.

Two other major advances that enabled comprehensive Earth science observations 
were the capabilities to both control the satellite attitude and to deploy the satellite 
into a Sun-synchronous polar orbit. The former achievement allowed for continuous 
viewing of the Earth—unlike the views taken from a camera on a spinning satellite 
such as Vanguard and the early TIROS missions. The stable attitude was first tested 
on Nimbus 1 and employed in every Earth-observing satellite since then. And for the 
latter achievement, a Sun-synchronous polar-orbit means that the satellite flies over-
head at nearly the same time of day for each orbit while the Earth rotates underneath. 
This type of orbit provides near-global coverage every 24 hours. Achieving daily global 
coverage was a major step forward toward monitoring global change from space. 
This capability enabled the development of a more comprehensive satellite observing 
system such as the Earth Observing System (EOS) and set the stage for the Morning 
and Afternoon “A-Train” Constellations that followed.19

Finally, there have been huge advances in the performance of modern science instru-
ments from those in orbit 60 years ago. As one example, the Vanguard II cloud-mapping 
instrument had a single channel sensitive in the 0.5-to-0.8-µm wavelength range, while 
modern Earth-observing instruments use sophisticated radiometers and spectrometers— 
some with hyperspectral capabilities—to measure from the short ultraviolet wavelengths 
to those in the long microwave region. Further advances in remote sensing include the 
deployment of active instruments such as lidars and radars. Even global positioning 
satellite (GPS) signals originating in space are used for Earth observations.

17 This number is approximate since it relies on start and end dates and what launches are 
included: For a listing of launches, see http://planet4589.org/space/log/launchlog.txt. The NASA 
Delta II launch reliability was 98% (depending on success criteria).
18JPSS is the U.S.’s new generation polar-orbiting operational environmental satellite system. 
It is a collaborative program between NOAA and NASA. JPSS-1 was named NOAA-20 after 
successfully reaching orbit in 2018.
19 These two Constellations have been discussed in previous articles in The Earth Observer. 
For an excellent summary of the A-Train’s history and achievements, read “The Third A-Train 
Symposium and Perspectives on a Decade of Constellation Based Observations” in the July–
August 2016 issue of The Earth Observer [Volume 29, Issue 4, pp. 4-18—https://eospso.nasa.gov/
sites/default/files/eo_pdfs/July%20August%202017%20color%20508.pdf#page=4].

As noted, remarkable 
progress has been made 
in satellite technologies 
that enable significant 
improvements in science 
and applications since 
the early, exploratory 
days of Vanguard 
and Explorer.
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s The NASA–NOAA partnership that began so auspiciously with TIROS continues 
to the present day. The NASA-funded Suomi National Polar-orbiting Partnership 
(Suomi NPP)20 launched in October 2011, uses the most modern satellite 
technology and advanced instruments with legacies that go back to Vanguard. Data 
from the satellite, originally destined for research, have now taken on additional 
purposes by becoming available for NOAA’s operational applications. NOAA-20 has 
capabilities similar to those of Suomi NPP, extends the legacy of the Vanguard and 
Explorer missions to the present day.

Conclusion 

The U.S. entry into space was fraught with many obstacles that included technical 
challenges, political hurdles, as well as funding uncertainties. There was tremendous 
pressure on the scientists and engineers because of competition between the Army and 
Navy to launch a satellite. The situation became even more intense when the Soviet 
Union launched a satellite first. 

The public thought Vanguard was a failure because it was not first to go into space. 
But “...the record is clear. Project Vanguard justified the faith of its supporters not 
only because of its participation in the IGY, but also for developing a vehicle with 
growth potential...”21 

To realize that potential, both the Army and Navy rallied their resources and—despite 
repeated failures—methodically developed the technology, tests, and procedures to 
successfully build a rocket and put a satellite into orbit—capabilities that form the 
basis for our present-day run of sophisticated satellites and instruments, to the clear 
benefit of our global society. 
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The NASA–NOAA 
partnership that began 
so auspiciously with 
TIROS, continues to 
the present day.
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sSummary of 2018 Ocean Surface Topography 

Science Team Meeting 
Joshua Willis, NASA/Jet Propulsion Laboratory, joshua.k.willis@jpl.nasa.gov

Introduction 

The 2018 Ocean Surface Topography (OST) Science 
Team Meeting (STM) was held September 27-28, in 
Ponta Delgada, Sao Miguel Island Azores Archipelago, 
Portugal. This year’s meeting was also part of a 
larger event titled the “25-Years of Progress in Radar 
Altimetry” Symposium, which took place September 
24-29, 2018, at the same location. The European Space 
Agency (ESA) and Centre National d’Études Spatiale 
(CNES) [French Space Agency] organized this sympo-
sium, which was dedicated to reviewing the scientific 
and technical accomplishments of the past two-and-a-
half decades of satellite altimetry.

The primary objectives of the OST STM were to address 
specific technical issues on the Ocean Topography 
Experiment (TOPEX)/Poseidon-Jason series of missions, 
including algorithm and model improvement, calibra-
tion/validation (cal/val) activities, merging TOPEX–
Jason data with those from other altimetric satellites, 
and preparation for future OST missions. 

In terms of agenda for the OST STM, the meeting 
began with an opening plenary session, followed by a 
series of splinter sessions, and then a closing plenary 
session. The splinter sessions included:

• Application Development for Operations;

• Instrument Processing: Measurement and 
Retracking;

• Instrument Processing: Propagation, Wind Speed, 
and Sea State Bias;

• Outreach, Education, and Altimetric Data 
Services;

• Precise Orbit Determination;

• Quantifying Errors and Uncertainties in 
Altimetry Data;

• Regional and Global Calibration/Validation 
for Assembling a Climate Data Record;

• The Geoid, Mean Sea Surfaces, and Mean 
Dynamic Topography;

• Tides, Internal Tides, and High-Frequency 
Processes; and

• Advances in Coastal Altimetry: Measurement 
Techniques, Science Applications, and Synergy 
with In Situ Observations and Models.

This report begins with an overview of the status of 
current and planned OST missions, followed by a brief 
summary of the STM. The official report from the 
OST STM, along with all of the presentations from 
the plenary, splinter, and poster sessions are available at 
http://meetings.aviso.altimetry.fr.

Status Report on Ocean Surface Topography 
Missions

This section reports on the status of several current and 
planned OST-related satellite missions. 

Jason-3

Jason-3, which was launched on January 17, 2016, 
continues the 27-year reference series of measurements 
of sea level, ocean winds, and waves. It took over as the 
reference mission on June 21, 2016, replacing Jason-2 
in that role, and is fully operational with all redundant 
systems available. In early 2019 Jason-3 will complete its 
three-year prime mission and begin its extended phase.

Jason-2 

Jason-2 (launched in June 2008) remains in operation 
and continues to provide data of excellent quality—
but with reduced availability since March 2017, due to 
issues with the satellite’s attitude control system—after 
about five months in an interleaved orbit with Jason-3.1 
Despite the issues with its attitude control system, the 
overall availability of Jason-2 data has been unexpect-
edly high (89% availability since the 2017 OST STM). 
In July 2017 Jason-2 was moved to a long repeat orbit 
(LRO), which is colloquially referred to as the geodetic 
orbit, approximately 27 km (~17 mi) below the reference 
orbit as recommended by the Ocean Surface Topography 
Science Team (OSTST) in 2016. Finally, Jason-2 was 
moved again to an interleaved LRO in July 2018 after 
the first LRO cycle was achieved. In light of this assess-
ment, the OSTST adopted two recommendations:

• Recognizing the ongoing importance of Jason-2 
and SARAL/AltiKa2 for operational oceanography 
and improvement of the marine geoid, the OSTST 
recommends that operation of these missions be 
continued beyond 2019.

1 The interleaved orbit of Jason-2 was identical to the one that 
Jason-1 assumed after the launch of Jason-2, and was designed 
to provide improved spatial and temporal coverage of sea 
surface height observations.
2 SARAL stands for Satellite with Argos (a French data-
collection system) and AltiKa (itself a Ka-band altimeter). It 
is a cooperative altimetry mission between the Indian Space 
Research Organisation (ISRO) and CNES. 
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s • To support higher resolution of the mean sea 
surface and geoid for upcoming missions like 
SWOT as well as operational oceanography appli-
cations, the OSTST recommends that Jason-2 
should complete an additional interleaved ground 
track, 2-km (~1-mi) offset from its current orbit.

Sentinel-3B

Sentinel-3B3 was launched on April 25, 2018, joining 
Sentinel-3A, which had been in orbit since its launch 
in February 2016. A tandem phase between Sentinel-3A 
and -3B (which both have high-inclination altimeters 
onboard) was performed until October 16, 2018, with 
a 30-second temporal separation of between space-
craft. After a drifting phase, Sentinel-3B has reached 
its nominal orbit, 140° out of phase with Sentinel-3A4, 
and the routine operation phase will begin early 2019. 
First analyses of the tandem data show excellent agree-
ment between Sentinel-3A and Sentinel-3B.

Copernicus Sentinel-6/Jason Continuity of Service 
and Beyond

Turning to the future, the Copernicus Sentinel-6/Jason 
Continuity of Service (S6/JCS) mission, the successor 
to Jason-3, is now in full development with the partner 
agencies [ESA, NASA, European Organisation for the 
Exploitation of Meteorological Satellites (EUMETSAT), 
and the U.S. National Oceanic and Atmospheric 
Administration (NOAA), with CNES providing expert 
support in and advisory capacity]. Operational conti-
nuity of Jason-3 is assured by the Sentinel-6A and 
Sentinel-6B satellites that will occupy the reference 
orbit and role with a planned launch of Sentinel-6A in 
November 2020. Both Sentinel-6A and -6B will carry 
a new high-resolution-mode (HRM) synthetic aper-
ture radar (SAR) altimeter capable of simultaneously 
generating low-resolution-mode (LRM; conventional 
pulse-limited altimeter operation) and HRM products. 
The mission also includes the trifrequency Advanced 
Microwave Radiometer (AMR-C). The Mission 
Advisory Group (MAG) will also continue to report 
to and report back from the OSTST to ensure that 
OSTST and MAG activities are aligned and shared. 

3 The Sentinel Missions are part of ESA’s Copernicus 
Programme. They are detailed at http://m.esa.int/Our_
Activities/Observing_the_Earth/Copernicus/Overview4. 
Sentinel-3 and -6 are mentioned in this article. 
4 The Sentinel-3A and -3B satellites have the same period, 
altitude, and inclination, but when they cross the Equator 
they are separated by 140° of latitude.

There were presentations on several other missions that 
are either proposed or in various stages of development, 
each with applications relevant to OST. These 
include (the): 

• Chinese–French Oceanography Satellite (CFOSA), 
which is a wind and wave scatterometer mission 
scheduled for launch in October 2018;5 

• NASA’s Surface Water Ocean Topography 
(SWOT) mission, a high-resolution swath altim-
eter for the ocean, lakes, and rivers, planned for 
launch in 2021; 

• ESA’s Sea Surface Kinematics Monitoring Mission 
(SKIM) concept, which, if selected for develop-
ment as an Earth Explorer mission, would utilize a 
novel wide-swath scanning multibeam radar altim-
eter to measure ocean-surface currents;6 and 

• Copernicus Polar Ice and Snow Topography 
Altimeter (CRISTAL), which would carry a multi-
frequency radar altimeter and microwave radiom-
eter to measure and monitor sea-ice thickness and 
overlying snow depth.7 

Each presentation included information on the 
mission’s status and development plans. Concerning 
these future missions, the OSTST adopted one recom-
mendation and expressed its appreciation as follows: 

• Because of rapid climatic changes at the poles and 
the importance of missions like CryoSat-28 for 
observing these changes, the OSTST recommends 
a long-term commitment to full Arctic coverage 
altimetry (e.g., as will be achieved if CRISTAL is 
chosen for development) in support of its objectives.

• The OSTST recognizes the importance of future 
missions that will provide unique opportunities to 
investigate direct measurement of surface currents 
and support the work of OSTST (e.g., SKIM).

5 UPDATE: CFOSAT successfully launched on October 29, 
2018, at 12:30 AM UTC aboard a Chinese Long March 2C 
rocket from Jiuquan Satellite Center in China. 
6 SKIM was one of two mission concepts that ESA chose 
for further development in November 2017 [the other 
being the Far-Infrared Outgoing Radiation Understanding 
and Monitoring (FORUM) mission]. One of these will be 
chosen in July 2019. The “Earth Explorer 9” will launch in 
the 2025 timeframe. 
7 CRISTAL is one of six high-priority candidate missions that 
are being studied to address European Union policy and gaps 
in Copernicus user needs, as well as to extend the current 
capabilities of the Copernicus space components. 
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sOpening Plenary Session Highlights 

Pascal Bonnefond [CNES—Jason Project Scientist] 
began with welcoming remarks on behalf of all the proj-
ect scientists, who (in addition to himself ) include Josh 
Willis [NASA/Jet Propulsion Laboratory (JPL)], Eric 
Leuliette [NOAA], Remko Scharroo [EUMETSAT], 
and Craig Donlon [ESA]. 

Because the OST STM took place in conjunction with 
the "25-Years..." symposium, all keynote presentations 
and science splinter-group meetings were held as part 
of the symposium and can be found at the URL refer-
enced in the Introduction. 

The following program managers presented the status of 
altimetry and oceanographic programs at their respec-
tive institutions: Eric Lindstrom [NASA]; Sophie 
Coutin-Faye, on behalf of Juliette Lambin [both 
from CNES]; François Parisot [EUMETSAT]; Eric 
Leuliette [NOAA]; and Jérôme Benveniste [ESA].

Splinter Session Highlights 

The foci of the 10 splinter sessions are listed in the 
Introduction. Space precludes describing all the 
sessions in detail, but complete coverage of the results 
can be found at the AVISO website mentioned in the 
Introduction. This report will focus on two of the splin-
ter sessions that presented subjectively scientifically 
compelling results. 

Regional and Global Calibration/Validation for 
Assembling a Climate Data Record

Although this splinter session was rather technical in 
nature, its activities remain some of the most important 
for the OSTST as a group. Each year this splinter makes 
a careful assessment of the satellite altimeter data and its 

accuracy. The satellite altimeters provide the most accurate 
and complete measure of global sea level rise—the clear-
est indicator of human-caused warming of the climate. 
Figure 1, presented by Eric Leuliette [NOAA], shows 
how satellite altimeters compare with long-term tide 
gauges around the world, which provide a completely 
independent measure of sea level change at their loca-
tions. Averaged globally over dozens of tide gauges and 
other altimeter measurements, it is clear that they agree 
to better than 1 cm (~0.4 in), with no significant drift 
between, across all four reference missions dating back 
to TOPEX/Poseidon in 1993. Such excellent agreement 
provides independent verification that the roughly 3 
mm (~0.1 in) per year rise in global sea levels measured 
by the satellite missions during the last quarter century 
is real and accurate.

The Geoid, Mean Sea Surfaces, and Mean Dynamic 
Topography

Although satellite altimeters now track global sea level 
rise as part of their primary mission objectives, ocean 
altimetry began in the early 1990s with a science objec-
tive of monitoring ocean currents and how they change 
over time and space. Large-scale ocean currents that 
persist for more than one day and travel over distances 
of many kilometers manifest a tilt in the level of the 
ocean. This means that measurements of sea level can 
be used to infer ocean currents. This splinter group was 
dedicated to separating out the sea level signal related 
to ocean currents from the complicated gravity field, 
which reshapes the ocean surface to reflect changes in 
the thickness of the crust and the shape and depth of 
the sea floor, and which doesn’t really change much over 
time. Recent work can now separate these two signals 
with very high accuracy and resolution. The part due 
to time-averaged ocean currents is known as the mean 
dynamic topography. 

Figure 1. This time series shows the difference between sea level measured by satellite altimeters and local tide gauges. The differences are aver-
aged over dozens of tide gauges for each 10-day repeat cycle of the satellite altimeter. The different missions are shown across the time series. 
Note that TOPEX was switched to its redundant altimeter in February of 1999—which is why there is a TOPEX-A and TOPEX-B section of the 
graph. The drift between the tide gauges and the altimeters is constrained to be less than 0.2 mm (~0.01 in) per year across the entire record. The 
fact that the data are so close to zero over the entire 25-year period is a testament to the accuracy of the altimeter missions at measuring sea level 
change. Image credit: Eric Leuliette
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s Figures 2 and 3—presented by Marie-Helene Rio 
[ESA] and Per Knudsen [Technical University of 
Denmark, Danmarks Tekniske Universitet (DTU) 
Space; Denmark’s national space institute], respec-
tively—show two examples of mean dynamic topog-
raphy estimates over the East Sea (north of Japan) and 
the Gulf Stream (off the U.S. East Coast). Each case 
contrasts a newer estimate of the “mean dynamic” part 
of OST with a previous version. In both cases, the 
newer version of the estimate [see right image in both 
Figures] does a better job resolving the smaller scale 
ocean features than its predecessor, which, in each case, 
uses less data as input [see left image in both Figures]. 

This means that maps of absolute ocean currents based 
on satellite altimetry can now be made with much 
higher resolution and fidelity than before.

Closing Plenary Session Highlights 

The closing plenary session took place on Friday after-
noon. There was a report on each splinter session 
which included responses to comments on key discus-
sion items posed by the project scientists at the begin-
ning of the meeting. Paolo Cipollini [National 
Oceanography Centre, U.K.] provided a summary of 
the Eleventh Coastal Altimetry Workshop, which took 

DTU17 MDT DTU17c MDT

Figure 3. Maps showing the Gulf Stream off the U.S. East Coast based on an estimate of mean dynamic topography from DTU Space. The 
newest estimate, called “DTU17c MDT” [right] combines satellite data and surface drifter data. Notice how it more accurately depicts the speed 
and narrow extent of the Gulf Stream, than the version shown in the left panel, which shows the same recent estimate—but based solely on satel-
lite data. Image credit: Per Knudsen

Figure 2. Maps showing currents in the East Sea—north of Japan—from a previous estimate of mean dynamic topography from CNES [left], 
compared to the most recent version [right]. The bright features on the maps show currents. Notice that many of the smaller currents near the 
coast are only visible in the most recent update [right], which uses more data and has better resolution than its predecessor. For example, the 
smaller Liman and Soya currents could not be resolved in the older version [left] but now show up in the newer version [right]. Image credit: 
Marie-Helene Rio

Liman 
Cold Current

Soya Current

CNES–CLS13 MDT CNES–CLS18 MDT
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