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Executive Summary

In 2011, the United States experienced 14 weather disasters costing $1 billion or greater, more than occurred in any other year on 
record. The second-greatest number occurred in 2012, with 11 billion-dollar disasters.1 Weather has a significant impact on the 
nation through severe storms such as these, affecting businesses and individuals alike on a daily basis. More than 90% of the data 
in U.S. three- to seven-day weather forecasting models comes from satellites.2 U.S. weather satellites provide billions of dollars in 
benefits through improved early warnings and by informing the decisions of companies in many industries, including aviation, 
energy, and agriculture. 

The United States is currently developing its next generation of weather satellites, which will include major technological 
advancements that will significantly improve capabilities for weather forecasting. These programs are making good progress toward 
their current launch dates, however, they are operating in a very challenging environment. In 2013, the Government Accountability 
Office added “mitigating gaps in weather satellite data” to its list of 30 high-risk government operations.3 

Originally expected to launch in 2009 as part of the National Polar-orbiting Operational Environmental Satellite System 
(NPOESS) program, the next operational polar-orbiting weather satellite system is now expected to launch in 2017 under the 
Joint Polar Satellite System ( JPSS) program. The eight years added to the original launch date for the next-generation system has 
created a substantial risk of a gap in satellite data, which NOAA officials estimate will most likely last at least a year and a half, and 
result in degradation in the accuracy of three- to seven-day weather forecasts.4 If any additional delays or unexpected failures occur, 
the gap could last even longer.5 The U.S. polar-orbiting weather system originally included satellites in two different orbits, but it 
was later reduced to only cover one orbit. A partnership with Europe has helped to ensure continued coverage in the other orbit, 
but for its own portion of the constellation, the United States will soon have to rely on a satellite originally designed for research, 
not for operations. 

The second component of the U.S. weather satellite system, which consists of geostationary weather satellites, has also experienced 
delays and other challenges. These satellites continuously monitor weather developments over the United States and are essential 
for tracking the development of severe weather events, such as tornadoes and hurricanes. Originally planned for launch in 2012, 
the next-generation geostationary weather satellite, Geostationary Operational Environmental Satellite R-Series (GOES-R), is 
now scheduled for launch in 2015.6 The three-year postponement is not expected to cause a gap in coverage, but the United States 
may temporarily be without a backup GOES satellite in orbit for the first time in more than a decade. To meet the new schedule 
and to save approximately $5 billion over the lifespan of the program, a major instrument was removed from the satellite. Though 
the satellite will still be capable of achieving its mission and will greatly improve on current geostationary satellites, removing this 
instrument decreased the capabilities from the original design. 

Action must be taken to ensure the long-term success of the U.S. weather satellite system. As a government service with one of the 
most well-demonstrated and straightforward benefits to the nation, future weather satellite programs should be properly selected, 
managed, and funded to help prevent the type of delays that have left current satellite programs in this precarious situation. The 
United States should invest in advanced technology development to provide improved weather forecasting capabilities in the 
future. Weather satellites help to save lives and save money, and we must ensure that this crucial technology is not neglected.
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Recommendation 1: Program offices should provide accurate and stable life-cycle cost estimates for weather satellite 
programs, and Congress should respond with full and stable funding for these programs, including JPSS, GOES-R, and 
the Constellation Observing System for Meteorology, Ionosphere, and Climate 2 (COSMIC-2). 

While recent progress in both next-generation weather satellite programs has been positive, stability in program requirements, 
high-confidence cost estimates, and full funding are required to ensure they remain on track. Ever-growing life-cycle cost 
estimates, as seen in the NPOESS program, cause policymakers and the public to lose confidence in these estimates and make 
well-informed policymaking nearly impossible. At the same time, unstable budgets and lower-than-requested funding for these 
programs exacerbate the problem, leading to delays in development and increasing life-cycle costs. These issues have resulted 
in a near-certain satellite data collection gap that will reduce the U.S. capability to forecast weather. In addition, focusing on 
the top-line budget numbers, rather than the budget needed for the mission to succeed or the return on investment, has led to 
short-sighted decisions that will cost taxpayers more in the long run. These budget and funding issues must be addressed.

Recommendation 2: The United States should seek opportunities to increase international cooperation on weather 
satellite programs to help decrease costs and increase capabilities.

The United States is already involved in a number of international agreements related to weather satellites that increase 
its capabilities while saving taxpayer money. The nation operates a joint polar-orbiting weather satellite constellation with 
Europe, in which each partner provides weather data critical for both regions. The United States engages in international 
exchanges of weather satellite and research satellite instruments, getting free rides for its instruments and receiving other 
countries’ instruments for inclusion aboard its satellites.7 The United States also has an opportunity to collect valuable 
radio occultation data in partnership with Taiwan, a program that would provide the United States with the full value of 
the satellite constellation for a fraction of the cost of the overall system. The United States should take advantage of these 
opportunities and actively pursue others.

Recommendation 3: The United States should explore the potential for working with commercial weather satellite 
data providers to augment current weather satellite capabilities and improve weather forecasting.

A number of companies have been established to build weather satellites or sensors to collect important weather data, using 
advanced techniques such as hyperspectral sounding or radio occultation. In some cases, these companies’ proposed systems 
would have capabilities not present in the current or planned U.S. weather satellite system, and adding these capabilities could 
improve the nation’s forecasting ability. Data buys have the potential to be less expensive than full satellite procurement, but 
their business models may be difficult to reconcile with the U.S. policy of free and open data sharing on an international 
basis, which is essential to global weather forecasting as well as the value-added sector. The United States should explore the 
potential of these options while maintaining its commitment to free and open exchange of meteorological data, looking for 
partnerships that can reduce costs or increase capabilities.

Recommendation 4: The United States should conduct a comprehensive review of its weather satellite program 
portfolio to determine the correct level and distribution of funding to achieve the desired capabilities.

In order to keep system development costs down and minimize delays in launch, the United States has removed several 
advanced instruments from its next-generation weather satellite systems and has reduced the complexity and capabilities of 
some remaining instruments. Given the billions of dollars and thousands of lives affected by weather in the United States 
each year, leaders should carefully evaluate whether scaling back the planned capability of the United States to accurately 
forecast weather is truly in the best interest of the nation and should also consider providing additional funding to improve 
capabilities. The weather satellite system in the United States is an area that requires careful consideration regarding levels and 
types of investment, and a thorough review of future plans would help to ensure that the United States has a weather satellite 
system appropriate for the needs of the country.
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Introduction

Weather affects the decisions that individuals, companies, and governments make on a regular basis. Accurate 
forecasting can help individuals save time and companies save money, and severe weather warnings save lives. The 
United States is currently developing the next generation of polar and geostationary weather satellites, both of which 
will provide significant technological advancements and improve weather forecasting. Unfortunately, both next-
generation systems are now expected to launch years later than originally planned, and system costs are billions of 
dollars higher than original estimates. Launch delays in the polar-orbiting weather satellite program have created a 
situation in which the United States will likely have a gap 
of more than a year in satellite coverage during which the 
accuracy of weather forecasts will degrade. Some instruments 
originally planned for inclusion on the satellites have been 
reduced in capability or removed altogether. Both programs 
are making important progress toward current launch dates, 
but the environment in which they are now operating is 
quite challenging. Looking forward, the United States must 
provide funding to minimize the gap in weather satellite 
coverage to the greatest extent possible. At the same time, the 
government should explore options for increased cooperation 
with international and commercial organizations to improve 
the efficiency and stability of weather data collection in 
the future. With a view to the long term, the United States 
should reevaluate funding levels and portfolios for weather 
satellite programs, recognizing the significant benefit that 
weather forecasting capabilities bring to the nation.

B e n e f i t s  o f  W e a t h e r  S a t e l l i t e s
When you watch the daily weather report on television, you are seeing the results of satellite observations. When 
you check the weather online to see if you will need an umbrella for the day, that prediction is based on satellite data. 
When evacuation of an area is recommended due to severe weather, this too is based in part on satellite data.8 

Weather satellites are critical to the ability to monitor and predict the weather. Before weather satellites were first 
developed in the early 1960s, measurements were taken manually using instruments on the ground and on weather 
balloons.9 Even with many professionals taking measurements in different areas of the country multiple times per 
day, it was very difficult to get an accurate view of the overall atmosphere and weather patterns. Weather satellites 
make it possible to continuously monitor the land and atmosphere over large swaths of the Earth.

Weather reports are not just convenient for deciding what to wear each day or whether to take an umbrella to work. 
Each year, the data provided by weather satellites helps to save lives and provides billions of dollars in benefits. 

The tornado that killed 23 people in Moore, Oklahoma, was 
created by the line of thunderstorms seen on the left in this 
GOES-13 image. Credit: NASA/NOAA GOES Project, Dennis 
Chesters
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Accurate forecasting of hurricanes and tornadoes allows people to protect property and evacuate areas that are at 
risk. As the accuracy of forecasts has improved, people have been given more time to react and there have been fewer 
unnecessary evacuations. 

Weather satellites provide measurable economic benefits. In the United States, more than 155 million people live in 
coastal areas, and there are approximately $3 trillion in real estate investments along the Atlantic and Gulf coasts.10 
Hurricane tracking and intensity information is critical for protecting both people and property. Accurate weather 
forecasting also allows for more efficient irrigation of crops, conserving water and reducing the energy needed to 
pump the water. Accurate temperature forecasts help to improve energy demand forecasts, allowing for efficiencies 
in the energy sector. Knowledge of weather systems and volcanic ash movements allows air traffic controllers to plan 
safe and efficient routes. Accurate forecasting of climate trends, such as extended droughts, can allow individuals and 
organizations to better prepare for and mitigate the effects.

The next generation of weather satellites will offer improved environmental data, with the predicted benefit of the 
geostationary satellite program to the U.S. aviation, energy, agriculture, and recreational boating industries estimated 
at nearly $7 billion over its expected 13-year operating period. This is a significant effect, especially because these 
industries represent only a fraction of the nation’s economic 
activity that would benefit from improved weather 
information. The benefit to the United States derived from 
the ability of the next-generation geostationary system to 
improve cyclone forecasting is valued at $450 million in the 
first year of operations alone.11

 

U . S .  W e a t h e r  S a t e l l i t e  S y s t e m 

O v e r v i e w
There are two types of weather satellites: geostationary 
and polar-orbiting. In the United States, these satellites 
are operated by the National Oceanic and Atmospheric 
Administration (NOAA). They have historically been 
referred to as the Polar-orbiting Operational Environmental 
Satellite (POES) and Geostationary Operational 
Environmental Satellite (GOES) systems. A new generation 
of polar-orbiting satellites, known as the Joint Polar Satellite 
System ( JPSS), is currently being developed by NOAA 
as a follow-on to the POES system. The U.S. Department 
of Defense (DoD) also has polar-orbiting weather satellites, as part of the Defense Meteorological Satellite Program 
(DMSP). The next generation of DoD weather satellites is currently being considered, although funding for this 
activity has been very low because the DoD still has a number of spare DMSP satellites that have been completed but 
not yet launched. 

The GOES-O satellite, later renamed GOES-14, is shown 
here during preparations for launch in Florida in 2009. 
GOES-14 is currently acting as the on-orbit backup for  
the U.S. geostationary weather satellite constellation. 
Credit: NOAA
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Polar-Orbiting Weather Satellites
Polar satellites orbit close to the Earth, allowing them to take precise measurements and to circle the globe 
approximately 14 times a day. They orbit nearly north-south around the Earth (a polar orbit), so over the course of 
its 14 orbits, each satellite is able to monitor the entire Earth twice per day. Although it cannot provide continuous 
coverage of any one area, the polar satellite system does provide comprehensive monitoring of the entire globe. 

In addition, polar satellites are placed in a sun-synchronous orbit, which means that they cross a given latitude 
at the same solar time each day so that a particular area is seen under the same lighting conditions every time it is 
visited. This makes it easier to detect changes that have occurred between visits. Historically, NOAA has ensured 
the availability of an operational satellite in a mid-morning orbit (a satellite whose daylight crossing of the equator 
occurs in the morning) and an afternoon orbit (a satellite that crosses the equator in the afternoon).12 Based on a 
1998 agreement with the European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT), 
as well as follow-on agreements, NOAA now obtains data from the mid-morning orbit from EUMETSAT and no 
longer needs to develop its own satellites for this orbit.13 In addition to the most recent satellites in each orbit, which 
are the primary source of weather data, both organizations also maintain older satellites in each orbit to allow for 
intercalibration after launch and as secondary sources of data.14 

Polar satellite data is most valuable in determining the overall state of the atmosphere, which is critical for weather 
and climate models. Forecasts produced using these models are the basis for three- to seven-day weather predictions. 
Monitoring of atmospheric conditions done by the polar satellite system is also useful for ongoing research to better 
understand the nature of weather and climate systems.15 

Geostationary Weather Satellites
Geostationary satellites are located approximately 36,000 kilometers (22,000 miles) from Earth, allowing them to 
orbit in sync with the Earth’s rotation. From the ground, satellites in this orbit appear to be hovering over one spot 
on the Earth. The great distance allows these satellites to view the entire disk of the Earth, and the special orbit allows 
them to continuously monitor this area. The United States operates two GOES satellites at all times—GOES East 
and GOES West—to ensure full coverage of the United States. It also maintains a spare satellite in orbit that can be 
moved into place if one of the operational satellites fails. 16 

The primary function of the GOES system is the 
provision of timely weather information, including 
warning of developing storms.17 The ability of 
GOES to continuously monitor one area is essential 
for intensive data analysis.18 With this system, it is 
possible to watch the development and evolution 
of cloud formations and storms continuously over a 
large area. GOES is able to observe and help predict 
severe weather events such as thunderstorms, 
tornadoes, flash floods, and snow storms. It can also 
be used to monitor other environmental events, 
including dust storms, volcanic eruptions, and the 
spread of wildfires.19 

Sources: GAO-10-799, NOAA (data), MapArt (map)
GOES-West GOES-East

FIGURE 1: Approximate GOES Geographic Coverage
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Satellite Radio Occultation
The current operational weather satellite program includes the two types of satellites described above. An additional 
type of system, which uses satellite radio occultation, has been shown to provide significant benefits in operational 
weather forecasting.20 Radio occultation satellites in low Earth orbit receive signals from Positioning, Navigation, 
and Timing (PNT) satellites, such as the U.S. Global Positioning System (GPS), that have traveled through the 
Earth’s atmosphere. Based on an analysis of how these signals have been bent and delayed as they travel from the 
PNT satellites to the radio occultation satellites, it is possible to determine a great deal of very accurate information 
about the composition of the atmosphere.

NOAA, in collaboration with the Taiwan National Space Organization (NSPO), the National Science Foundation, 
NASA, the U.S. Air Force, and the University Corporation for Atmospheric Research (UCAR), developed a proof-
of-concept system that was launched in 2006. The data from the six-satellite Constellation Observing System for 
Meteorology, Ionosphere, and Climate (COSMIC), was extremely accurate. Within a year, NOAA began using 
the data operationally, greatly improving the agency’s weather forecasting accuracy.21 COSMIC provides about 
3,000 soundings a day, but research has shown that additional soundings would continue to improve forecasts.22 
NOAA currently uses radio occultation data from a variety of international missions; however, as research missions, 
these satellites often do not provide the timeliness or reliability of a dedicated constellation like COSMIC.23 
NOAA’s requests for funding to continue and upgrade its own satellite radio occultation data collection through 
participation in the COSMIC-2 program have not been approved.24

 

U . S .  W e a t h e r  S a t e l l i t e  S y s t e m  a t  R i s k
The JPSS and GOES-R programs are both in development and are currently maintaining their revised schedules 
and remaining within the programs’ planned margins for cost. However, due to the delays in the startup of these 
contracts, prior problems and delays within NPOESS, and early uncertainty on the acquisition plan for GOES-R, 
the current programs are in a challenging position, where gaps are expected in the collection of certain types of data. 
Given this situation, inadequate funding or unforeseen technical problems could result in further delays, which 
could result in damage to U.S. weather services—particularly the ability to accurately forecast weather.

The first next-generation polar-orbiting operational weather satellite was originally expected to launch in 2009 as 
part of the NPOESS program, which was canceled in 2010. Now part of the JPSS program, the next-generation 
satellite is projected to launch in 2017. In the near-term, the United States plans to rely on the Suomi National 
Polar-orbiting Partnership (NPP) satellite, launched in 2011, for operational weather data, even though this 
satellite was originally intended for research use only. However, because NPP has an expected lifespan of only five 
years, and potentially less, NOAA officials still expect a gap of more than a year in polar weather satellite coverage.25 
This would directly result in degradation of the accuracy of three- to seven-day forecasts, which rely on polar-
orbiting satellites for more than 80% of their observational data.26

To illustrate the effects of this gap, the National Weather Service looked at how its predictions for major storms in 
the past would have been different if polar weather satellite data from the afternoon orbit had not been available. 
One result showed that the amount of snowfall in the Washington, D.C., area during the 2010 blizzard would 
have been underestimated by a factor of two. Snow forecasts would have been at least 10 inches too low, leaving 
businesses and individuals seriously unprepared for this major storm.27 In 2013, scientists in Europe showed that 
if no polar-orbiting satellite data were available, forecasts would have projected that Hurricane Sandy, which 
devastated areas along the northeast coast, would remain at sea. Using this critical data, they were able to accurately 
predict, with five days’ warning, that Sandy would turn back toward land. Advanced warning of the storm allowed 
people to better prepare, saving lives and property.28 
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The geostationary weather satellite program has been unable to meet original budget and schedule plans. Originally 
intended for launch in 2012, the next-generation geostationary weather satellite, GOES-R, is now scheduled for 
launch in 2015.29 This delay could result in the United States operating without a spare satellite in orbit. This means 
that if one of the currently operating satellites fails, or if a problem with GOES-R occurs, the United States may have 
to reduce its monitoring capabilities to just one geostationary satellite, a change that would reduce the capability 
for monitoring and predicting severe weather events, especially hurricanes. Alternatively, the United States could 
attempt to arrange for coverage by an international satellite, a method that has been used in the past and for which 
international agreements have been developed.30

In addition to the schedule delays, both satellite systems will also be less capable than originally planned. While 
both will provide important technical improvements over existing satellites, a number of advanced instruments were 
reduced in scope or removed altogether. This means that U.S. weather monitoring capabilities will not improve as 
much as originally anticipated. To evaluate how these challenges should be addressed, it is important to understand 
the development process that resulted in these outcomes. While the polar and geostationary weather satellite 
programs have followed different paths, they face a number of common challenges.

D e v e l o p m e n t  C h a l l e n g e s :  N P O E S S  a n d  J P S S
Historically, NOAA has cooperated with NASA to develop and operate polar-orbiting weather satellites for the 
civil community, while the DoD has developed and operated its own system of polar-orbiting weather satellites for 
the military community. Many times over the years it was suggested that these programs should be merged. In 1994, 
due to budget pressure, President Clinton announced a plan to combine the two programs and create the National 
Polar-orbiting Operational Environmental Satellite System (NPOESS). This was expected to lead to significant cost 
savings because only one system development effort would be required, rather than parallel satellite development for 
two independent systems. In addition, fewer satellites would be built and launched, and fewer ground systems and 
operators would be required. Under a tri-agency integrated program office, the government/contractor program staff 
was expected to be approximately half of what would be needed to manage two separate development programs.31

From 1995 to 1997 the program went through a concept and technology development phase, and from 1997 to 
2002 the focus was on program definition and risk reduction. During this phase, the program office took a number 
of risk reduction actions, such as deferring developments of some data products and beginning development of 
critical new sensors early (contracts for early development on six sensors were awarded in the late 1990s). When 
possible, new sensors were based on existing sensor technologies. The NPOESS Preparatory Project (NPP) was 
seen as a risk reduction activity as its goal was to launch years before the first NPOESS satellite was needed, giving 
scientists an early opportunity to work with critical sensors, ground control, and data-processing systems. In January 
2012, NPP was renamed the Suomi National Polar-orbiting Partnership.32

In 2002, the NPOESS project was estimated to cost $6.5 billion, including development and operations through 
2018. It would include NPP, to be launched first, in 2006. NPOESS itself would be made up of a constellation of six 
satellites—one operational and one secondary in each of three orbits, with the first operational satellite launched in 
2009.33 The NPOESS satellites would include 13 sensors, incorporating updated versions of the traditional imaging 
and sounding technology as well as new environmental sensors useful for weather and climate monitoring.

In August 2002, the development and production contract was awarded to TRW (later purchased by Northrop 
Grumman), and the program began its engineering and manufacturing development and production phase. 
However, by this time, the cost and schedule of the program had already begun to slip. Delays in launching a DMSP 
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satellite had caused the overall launch schedule for DMSP satellites to be pushed back, so that the last DMSP 
satellite would be launched in 2010 rather than 2009. Because of this planned delay, DoD reduced funding for 
NPOESS by about $65 million between fiscal years 2004 and 2007. Within the NPOESS program, NOAA was 
required to provide no more funding than DoD, so a corresponding reduction in funding by NOAA also occurred 
for those years. This shift caused a 21-month delay in the date the first NPOESS satellite would be available for 
launch. This also extended the overall lifetime of the project to 2020, increasing life-cycle costs. Although efforts 
had been taken to reduce risks in sensor development, many of the sensors had already experienced cost increases, 
schedule delays, and performance shortfalls.34

NPOESS cost and 
schedule issues 
continued, and the cost 
estimate had risen to 
$8.1 billion by 2004. 
Cost increases were 
attributed to technical 
development issues in 
key sensors, the delays 
due to budgetary 
change, and the need 
for additional risk 
mitigation funds and 
increases in management 
reserves. By this time, the 
trend of increasing cost 
and schedule overruns 
in the NPOESS 
program was clear.36 By 
2005, the Government 
Accountability Office 
(GAO) was referring 

to the NPOESS program as “a program in crisis.”37 Cost estimates had risen to approximately $9.7 billion. The 
GAO contended that technical challenges were likely to persist, costs to grow, and schedule delays to increase. In 
addition to technical risk, the GAO concluded that a lack of executive leadership and timely decision making had 
contributed to program issues.38

In late November 2005, it was determined that 
NPOESS was more than 25% over budget, 
automatically triggering a review of the program 
by Congress. Any decisions about the future of the 
program were on hold until this review, called a 
Nunn-McCurdy certification process, took place in 
June 2006. The restructuring resulted in a reduction 
of the number of satellites and sensors, so that only 
four satellites (in two orbits), rather than the originally 

Date of  
Estimate

Life-Cycle 
Cost Estimate 
(current-year $ 

in billions)

Life-Cycle End NPP Launch First NPOESS 
Sat Launch

Aug 2002 $7.00 2018 May 2006 Apr 2009

Jul 2003 $7.00 2020 Oct 2006 Nov 2009

Sep 2004 $8.10 2020 Oct 2006 Nov 2009

Aug 2005 $8.10 2020 Apr 2008 Dec 2010

Jun 2006 $12.50 2026 Jan 2010 Jan 2013

Dec 2008 $13.95 2026 Jan 2010 Jan 2013

Jun 2009 $14.95 2026 Jan 2011 Mar 2014

Feb 2010 $15.1 – 16.45 2026 Sep 2011 2014

JPSS-Only

JPSS-1 Launch

May 2010 $11.90 2024 Sep 2011 2015

Dec 2011 $14.60 2028 Oct 2011  
(completed)

2017

Jun 2012 $12.90 2028 Oct 2011  
(completed)

2017

Jun 2013 $11.30 2025 Oct 2011  
(completed)

2017

FIGURE 2: Changes in NPOESS and JPSS Life-Cycle Cost Estimates and Estimated 
Satellite Launch Dates35

Sources: GAO-10-558, GAO-12-604, NOAA FY 2014 Blue Book

    The Suomi NPP satellite 
orbits the Earth from pole 
to pole about 14 times 
a day, flying over almost 
every area of the globe 
twice. This “blue marble” 
image was created from 
multiple images taken by 
the VIIRS instrument on 
January 4, 2012.  
Credit: NASA
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planned six satellites (in three orbits), would be built, and they would carry nine sensors each. The United States 
would rely on European satellites operated by the EUMETSAT for data from the mid-morning orbit. As part of 
the agreement, Europe would in turn rely on U.S. satellites for data in the afternoon orbit. Four climate and space 
environmental sensors were removed from the program. Four others were replaced with simpler, less capable, 
versions. The launches of the first two satellites were delayed three and five years, respectively, and the cost of the 
new program was estimated at $12.5 billion, almost twice the original program estimate.39 With the delays, the 
NPP satellite, which was originally meant to be a demonstration satellite for new sensors and not an operational 
asset, would also now act as a platform for providing continuity of weather and climate data if predecessor satellites 
degraded or failed.40

Even after the restructuring, the program continued to experience schedule delays and cost growth. By June 2009, 
the life-cycle cost estimate had risen to $13.95 billion, and program officials estimated that there would be further 
cost growth due to ongoing technical issues in sensor development. Delayed launch schedules meant that a single 
launch failure could result in a gap in satellite coverage from three to five years.41 

By May 2010, 16 years had passed and $5 billion had been spent since the NPOESS program began, yet not a 
single satellite had been launched.42 Amid these challenges, the Office of Science and Technology Policy, part of the 
Executive Office of the President, announced that the NPOESS program would be disbanded, and NOAA and the 
DoD would once again undertake separate acquisitions. NOAA has responsibility for satellites in the afternoon 
orbit and is developing JPSS for this purpose. The DoD has responsibility for the morning orbit and is responsible 
for developing its follow-on weather satellite program accordingly.43 Due to this change, it was necessary to slow 
development work due to potential contract liabilities and funding constraints, causing further risk of gaps in 
satellite data.

Because the DoD still has two DMSP satellites that have not been launched, it is not yet developing a next-
generation weather satellite, instead spending a minimal amount of funding appropriated in FY 2012 to study 
future requirements.44 No funds were appropriated for follow-on weather satellite-related activities in the FY 2013 
Consolidated and Further Continuing Appropriations Act, and no funds were requested in the President’s FY 2014 
DoD Budget Request.45 GAO warns that the remaining two DMSP satellites were built in the late 1990s and may 
not work as intended by the time they are launched, due to their advanced age.46 

Shortly after restructuring, JPSS plans had to be reassessed when the program received less than half of the funding 
requested for FY 2011.47 In late 2011, JPSS life-cycle costs through fiscal year 2028 were estimated at $14.6 
billion, including $3.3 billion in NOAA sunk costs. The $2.7 billion increase from the previous estimate was due 
to the extension of the program from 2024 to 2028, the addition of a free-flyer program to allow the launch of 
instruments that would not fit on the medium-sized JPSS bus, and the slowdown in activity caused by the low level 
of funding received in 2011.48 NPP was launched in October 2011. The satellite was successfully activated and the 
instruments were commissioned, ensuring that each is responding to commands and operating as expected. NOAA 
is now conducting calibration and validation activities, which ensure the data provided by the satellite is ready for 
operational use. The agency expects this process to be complete by the end of 2013.49

In its FY 2013 budget request, NOAA reduced the JPSS program life-cycle cost estimate to $12.9 billion, and in 
its FY 2014 budget request this was further reduced to $11.3 billion.50 To do so, NOAA proposed in its FY 2014 
budget, which has not been passed as of June 2013, to transfer climate sensors originally planned for JPSS-2 and 
Free Flyer-2 to NASA (which included additional funding in its FY 2014 budget request for these activities).51 No 
longer responsible for building or funding the Clouds and Earth’s Radiant Energy System (CERES), the Ozone 
Mapping and Profiler Suite-Limb (OMPS-Limb), or the Total Solar Irradiance Sensor (TSIS), NOAA plans to 
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launch JPSS-2 two years earlier than previously expected, which could help mitigate potential gaps. Limiting the 
life-cycle estimate to 2025 and moving the Free Flyer-1 program to a separate line item within the budget also 
contributed to the apparent reduction in the estimate of JPSS life-cycle cost.52 The two largest challenges remaining 
in the JPSS program are mitigating the gaps in satellite data collection and the reduction in satellite capabilities.

FIGURE 3: Potential Gaps in Polar Satellite Data in the Afternoon Orbit

Sources: GAO analysis of NOAA data, GAO-12-604.
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 2011  2012  2013  2014  2015  2016  2017  2018  2019  2020  2021  2022  2023  2024

NPP

JPSS-1
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JPSS-1
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JPSS-1

NPP

JPSS-1

On-Orbit check out               Potential data gap             Expected life

Scenario 1: NPP lasts 
for 5 years and JPSS-1 
launches in March 2017

Scenario 2: NPP lasts 
for 3 years and JPSS-1 
launches in March 2017

Scenario 3: NPP lasts 
for 5 years and JPSS-1 
launches in March 2018

Scenario 4: NPP lasts 
for 3 years and JPSS-1 
launches in March 2018

Many satellites are only able to view the Earth during the day, when it is illuminated by the Sun. The VIIRS sensor aboard the Suomi 
NPP satellite allows scientists to view the Earth’s atmosphere and surface both day and night. Credit: NOAA/NASA

Likely Gaps in Satellite Coverage
In 2002, when the program began, the 
first NPOESS satellite was expected to 
be launched into an afternoon orbit in 
2009. By 2013, the original program had 
been canceled, and the launch date for the 
new satellite was 2017—an 8-year slip in 
schedule over an 11-year period. As launch 
dates for the first NPOESS satellite (now 
JPSS-1) were pushed back repeatedly over 
the years, a gap in polar-orbiting weather 
satellite data collection in the afternoon 
orbit became more and more likely. Now, 
a gap in satellite data is nearly certain to 
occur. The GAO estimated that this gap 
could range from approximately a year and 
a half to more than three years.53

The exact duration of the gap will depend 
in part on the lifespan of the currently 
operating satellites, including the Suomi 
NPP satellite. Originally designed for 
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research use, not operational data collection, the satellite has a 
design life of just five years, which would mean it would stop 
collecting data in 2016, a year before JPSS-1 is launched. However, 
NASA managers have expressed concern with some NPP sensors, 
suggesting that NPP may only have a 3-year lifespan. If this 
happens, the gap in data collection would grow to more than three 
years. If the JPSS-1 program continues the pattern of development 
and launch delays of the NPOESS program, if JPSS-1 suffers 
a launch failure, or if NPP sensors degrade or die earlier than 
expected, the gap could be much greater.54

As mentioned earlier, the data provided by polar-orbiting satellites 
is essential to accurate weather forecasting, particularly three- to 
seven-day forecasts. Gaps in satellite data will substantially degrade 
these forecasts, both for the United States and for its partners in Europe.55 It is possible that instruments will last 
longer than their design life, which could help reduce a gap. However, relying on instruments that are past their 
design life is risky, and the likelihood of these instruments failing increases over time.

Reduction in JPSS Capabilities
JPSS-1 will carry five instruments that will take a combination of weather and climate-relevant measurements.  
The new technologies developed for the system will improve the timeliness and accuracy of future weather forecasts. 
JPSS is designed to capture up to five times more environmental data four times faster than current operational 
polar-orbiting satellites.56

Like past polar weather satellites, JPSS satellites will carry imaging and sounding equipment, and it will use new 
technologies to improve on past capabilities. The Visible Infrared Imager Radiometer Suite (VIIRS) will provide 
images of clouds and land cover, improving on the precision of past weather satellites. The Cross-track Infrared 
Sounder (CrIS) will provide more accurate 3D pictures of temperature and moisture in the atmosphere. It will have 
greater vertical and horizontal resolution than past sounders, and it will look at more than 1,000 infrared spectral 
channels. This instrument will improve short-term weather monitoring and will be vital to understanding climate 
trends. A second sounder, the Advanced Technology Microwave Sounder (ATMS), will work with CrIS to measure 
atmospheric temperature and moisture. The ATMS is based on microwave sounding units currently flying on 
NOAA’s POES, but it requires less volume, mass, and power. Combined with data from CrIS, ATMS will help to 
improve short- to medium-range weather forecasts.57

In addition, JPSS-1 will carry two new instruments that were not included on polar weather satellites in the past. In 
some cases, their inclusion represents a transition from research status, in which the measurements were collected 
by NASA’s research satellites, to operations status, in which NOAA will commit to collecting these measurements 
on an ongoing basis. The Ozone Mapping and Profiler Suite (OMPS) examines the concentration of ozone in 
the atmosphere at different altitudes. This is important for monitoring global climate and also fulfills a U.S. treaty 
obligation to monitor global ozone concentrations. While NPP carried the full instrument suite, JPSS-1 will only 
carry one portion of the instrument, limiting its capability, and JPSS-2 may not carry the instrument at all. The 
CERES instrument will help to improve weather forecasting and climate modeling by providing data on how clouds 
affect the Earth’s energy balance (the energy coming in from the Sun and radiating out from the Earth). Lack of 
understanding of this effect is currently one of the largest sources of uncertainty in climate models. As with OMPS, 

The Suomi NPP satellite underwent 
electromagnetic interference testing, shown 
here, in preparation for its October 2011 
launch. Credit: NASA
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CERES is a less-capable version of the originally planned Earth Radiation Budget Sensor, and it may only fly on the 
NPP and JPSS-1 satellites, not on JPSS-2. The FY 2014 President’s Budget Request proposes transferring to NASA the 
responsibility for the OMPS and CERES instruments originally planned for JPSS-2.59 

Although the sensor could not fit on the JPSS satellite bus, NOAA has also committed to flying the Total Solar and 
Spectral Irradiance Sensor (TSIS), another new instrument. As a payload on NOAA’s Free Flyer-1 satellite, TSIS will 
measure the Sun’s total output. This is important for understanding the state of Earth’s energy balance, which is critical 
for understanding climate change. Plans to launch the second TSIS sensor on a second free flyer were not approved, and 
responsibility for this instrument was transferred to NASA.60 

While the technological advances described above are important, they are significantly diminished compared to original 
plans for the next-generation weather satellite system, and this decrease in capabilities directly reduces the benefits of 
the JPSS program to the nation.61 In addition to the instruments that were reduced in scope, some instruments were 
removed altogether, including the Aerosol Polarimetry Sensor, the Conical-scanned Microwave Imager/Sounder, the 
Radar Altimeter, and the Space Environmental Sensor Suite. The Aerosol Polarimetry Sensor would have taken precise 
measurements of clouds and aerosols in the atmosphere. This type of data is used by the U.S. Air Force for military 
airborne planning and operations and is also a significant area of uncertainty in current climate research. The Radar 
Altimeter measures variances in sea surface height and ocean surface wind speed. This data is used by the marine cargo 
industry for routing and scheduling shipping routes, by the U.S. Navy for military logistics and planning, and by the 
petroleum industry in offshore drilling operations.62 With no plans to include these instruments on JPSS, many of these 
capabilities may not be available for more than a decade.

Key: Dark blue signifies that the sensor will be 
included on the satellite as originally planned. 
Gray signifies that a legacy or simplified 
version of the sensor will be launched. White 
signifies that this instrument will not be flown.

Items marked in gray: The Conical-scanned 
Microwave Imager/Sounder was replaced with 
a less complex microwave imager/sounder. The 
Earth Radiation Budget Sensor and the Space 
Environmental Sensor Suite were replaced 
with legacy sensors (the Clouds and the Earth’s 
Radiant Energy System and Space Environment 
Monitor, respectively). The Ozone Mapper/
Profiler Suite is made up of both a limb and 
nadir component. While both flew on NPP, only 
the limb instrument will fly on JPSS-1.

*  The Total Solar Irradiance Sensor, Data 
Collection System, and Search and Rescue 
Satellite Aided Tracking System are expected 
to fly on Free Flyer-1, not on the JPSS 
satellites. 

†  The President’s FY 2014 Budget Request 
includes the Clouds and Earth’s Radiant 
Energy System (CERES), the Ozone Mapping 
and Profiler Suite-Limb (OMPS-Limb), and 
the Total Solar Irradiance Sensor (TSIS) on 
JPSS-1, but not on JPSS-2. Responsibility for 
the instruments formerly plannedfor JPSS-2 
would be transferred to NASA.

FIGURE 4: Sensors Planned for NPOESS and JPSS Satellites58

Sensor NPOESS NPOESS NPOESS JPSS

As of date 2002 2006 2008 2013

Advanced Technology  
Microwave Sounder 

Aerosol Polarimetry Sensor

Conical-scanned Microwave 
Imager/Sounder 

Cross-track Infrared Sounder

Data Collection System *
Earth Radiation Budget  
Sensor

†

Global Positioning System  
Occultation Sensor

Ozone Mapper/Profiler Suite †
Radar Altimeter

Search and Rescue Satellite 
Aided Tracking System

*

Space Environmental Sensor 
Suite

Total Solar Irradiance Sensor * †
Visible/Infrared Imager  
Radiometer Suite

Sources: GAO-08-518, GAO-10-558, NOAA
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C h a l l e n g e s  i n  D e v e l o p m e n t :  G O E S - R
Like the polar-orbiting satellite program, the next-generation geostationary satellite program has experienced cost 
increases, schedule delays, and reductions in scope from early expectations. The GOES-R system was originally 
estimated to cost $6.2 billion through 2034 and was planned for launch in 2012. In 2006, a program office review 
suggested that costs could reach $11.4 billion, which led to a reduction in the scope of the requirements for the 
satellite series.63 The program was reduced from four satellites to two (with the option to purchase two additional 
satellites), limiting the life cycle of the program to 2028. In addition, one of the three originally planned instruments 
was removed completely, which significantly decreased GOES-R cost estimates and reduced the risk of unacceptable 
schedule delays. However, two remaining instruments, the Advanced Baseline Imager (ABI) and Geostationary 
Lightning Mapper (GLM), both experienced technical challenges that led to cost increases. 

Despite the reduction in scope, by 2009, the cost estimate had risen to $7.67 billion through 2028, and the launch 
date had been moved to 2015.64 In 2012, the estimate was revised again, to an estimated life-cycle cost of $10.9 
billion, and the launch of GOES-R was changed to late 2015. However, the cost increase in this case was due in part 
to the decision to exercise the option to buy two more GOES-R series satellites as part of the program, increasing 
the program lifespan to 2036.65 The GAO warns that program reserve funds are being depleted quickly, and further 
cost increases and delays may occur in the future.66 Like JPSS, the primary challenges currently faced by the GOES-R 
program include gaps in data collection and reductions in satellite capabilities.

Potential Gaps in Data Collection 
This delayed launch schedule of GOES-R could leave NOAA without a backup satellite in geostationary orbit for 
the first time in more than a decade. If GOES-14 or -15 were to fail prematurely, this could result in a gap in satellite 
coverage.67 The GAO has recommended that NOAA develop procedures to deal with this possibility. It has also 
recommended that NOAA develop continuity plans in the event that further delays in GOES-R launch dates occur.68 
One of the options that NOAA may choose involves temporary coverage by an international satellite, an option that 
has been used in the past and for which NOAA has already developed international agreements.69

Reductions in GOES-R Scope
The GOES-R system represents the first major technological advance in GOES instrumentation since 1994.70 
GOES-R series satellites will have much greater weather monitoring capabilities due to the inclusion of two new 
instrument suites.

The Advanced Baseline Imager (ABI) will be the primary instrument 
for monitoring Earth’s weather and environment. While the current 
system has five different channels (spectral bands), ABI will have 16. 
With these additions, ABI will provide three times as much spectral 
information, four times the spatial resolution, and more than five times 
faster temporal coverage than the current system. This means that when 
experts are watching storms develop, for example, the greater amount of 
spectral information allows them to better distinguish different aspects 
of the system, such as types of clouds or wind speeds. The greater spatial 
resolution means they can see storms develop in greater detail and know 
more precisely where the storm is located and where it is moving. Faster 
temporal coverage means that the image will refresh more quickly, 
making it possible to observe changes in the storm over small time 

The Advanced Baseline Imager, developed 
for the GOES-R satellite series, will improve 
every product the current GOES imager 
produces and will provide new products  
that enhance weather forecasting.  
Credit: NOAA/NASA
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periods. The ABI is expected to improve every product that the current GOES imager produces as well as to make the 
creation of new products possible. The benefits from the ABI are projected to be $4.6 billion over the lifetime of the 
series. Savings come from a variety of weather-affected areas. For example, improved tropical cyclone forecasts can help 
to reduce unnecessary evacuations and allow fewer weather-related flight delays.71

The second important weather-monitoring instrument on the GOES-R series is the Geostationary Lightning Mapper 
(GLM). No previous GOES satellite has included a sensor to monitor lightning. GLM will monitor cloud-to-cloud 
and cloud-to-ground lightning activity throughout the day and night. Increased lightning activity can provide an early 
indication of storm intensification and severe weather events. Analysis of this data can also help to provide tornado 
warning lead time and reduce false alarms.72

Despite these impressive improvements, GOES-R does not include the full set of capabilities originally included in 
its design. As part of the 2006 reduction in scope, NOAA removed the Hyperspectral Environmental Suite (HES). 
This instrument would have provided information on atmospheric moisture and temperature profiles that would have 
supported weather forecasting and climate modeling. It would also have provided higher resolution and faster coverage 
than the atmospheric sounder instrument on the GOES satellites currently in orbit.73 NOAA had planned to use the 
new sounding products that HES could produce to improve the lead times for weather warnings. For example, along 
with technical advances in other areas, those included in HES could have helped to increase lead times associated with 
severe thunderstorm warnings from an average of 18 minutes in 2000 to as much as two hours by 2025, and could help 
to increase the lead times associated with tornado warnings from an average of 13 minutes in 2007 to as much as one 
hour by 2025.74 However, HES was not seen as the highest priority instrument on GOES, and studies showed that it 
was not essential to the traditional GOES weather-monitoring mission.75

NOAA will be able to ensure continuity of currently available products based on GOES data using the Advanced 
Baseline Imager, which will be capable of providing many of the products that would have come from HES. Although 
in some cases the ABI will provide comparable spatial resolution, and in a few cases it will have even finer resolution 
than the current sounder, it was also determined that data from the ABI would be less accurate than the existing 
sounder in producing many of the products.76 Although HES presented a significant step forward in technology 
development, it also represented a very serious potential for major cost growth and schedule delay. It was determined 
that removing the instrument was necessary in order to emphasize the primary mission of the GOES program.

With respect to GOES-R, reductions occurred not only in the technology, but also in plans for data use. NOAA 
reduced the overall number of satellite products—the formatted output of the data provided to end-users—from 81 to 
34, with a contract option to add 31 products if funding allows. Some of these optional products include aircraft icing 
threat, turbulence, and visibility.77 Nine of these 31 are products that are currently produced using the existing GOES 
system but will not be produced under the new system unless the contract option is exercised.78 In some cases, the next-
generation system will provide less to the end-user than what they currently receive.
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Recommendation 1: Program offices should provide accurate and stable life-cycle cost estimates for weather 
satellite programs, and Congress should respond with full and stable funding for these programs, including JPSS, 
GOES-R, and the Constellation Observing System for Meteorology, Ionosphere, and Climate 2 (COSMIC-2). 
One of the most striking aspects of both next generation weather satellite programs has been the many increases in 
life-cycle costs. The polar-orbiting program began in 2002 as a $7 billion joint military and civilian program to develop 
six operational satellites, and by 2013 it was an $11 billion civilian-only program to develop two primary operational 
satellites, with fewer instruments, fewer capabilities, and later launch dates. GOES-R began as a $6 billion program 
in 2006 and is now an $11 billion program missing one of its primary instruments, leading to significantly reduced 
capability. It is imperative that programs develop accurate and stable life-cycle cost estimates. This requires fully defined 
schedules, as described by GAO, and inclusion of adequate cost and schedule reserves. Although recent NOAA 
testimony before Congress stated that life-cycle estimates are now solid, GAO has expressed concern about the potential 
for future problems in both weather programs, leading to their inclusion on GAO’s high risk list.79 NOAA should 
address this issue and provide accurate and stable life-cycle cost estimates for all weather satellite programs. This can be 
very challenging when developing new technologies, particularly early in the program when technology development 
requirements are still being studied. Increased understanding based on these initial studies can lead to an upward 
revision of overall costs and even to a legitimate need to reduce original scope of the program. However, estimates at all 
times in development should be as accurate as possible. 

It is important that these estimates are made with the long-term benefit of the nation in mind. An overemphasis on 
budget levels has led, on numerous occasions, to decisions that do not provide the best value for the United States in 
the long term. For example, when increasing life-cycle costs led to a reorganization of GOES-R in 2006, one of the 
actions taken to lower costs was to reduce the number of satellites procured from four to two (with the other two left 
as contract options). Although this action removed about $3 billion from the life-cycle cost of the program, it did so 
primarily by shortening the lifespan of the program. The United States would have still required the same number 
of satellites in the long term, but if options for the additional two satellites were not exercised, they would require 
an entirely new contract and program. Building multiple copies of a satellite or instruments that are already being 
developed is almost certainly cheaper than beginning a new development program, so this action to reduce GOES-R 
program costs would likely lead to increased costs to the taxpayer in the long term. This particular decision was reversed 
in 2012, but the original decision led to time and effort lost on program planning and scheduling that was not necessary.

Similarly, recent efforts to reduce JPSS program costs included actions such as moving components of the program 
to a separate budget line item or transferring sensors to another agency. Although creating a separate line item for 
instruments originally planned as part of JPSS does decrease the cost of the JPSS program on paper, it does not provide 
any true savings to the taxpayer. Similarly, transferring back to NASA sensors that had already undergone the difficult 
research-to-operations transition does not save the taxpayer money, it simply moves the cost of these instruments from 
NOAA’s budget to NASA’s. In doing so, it also causes significant confusion about how the operational requirements 
for data from those instruments will be addressed, whether the instruments can be used operationally, and which 
agency will be responsible for ensuring future continuity of those instruments. In developing life-cycle estimates and the 
associated yearly budgets, NOAA and Congress should emphasize smart, long-term decisions over shortsighted efforts 
to reduce costs now. 

Although technical and managerial challenges contributed to launch delays and life-cycle cost increases, inadequate 
and unstable funding were also major drivers of these problems.80 Weather satellite programs repeatedly received lower 
funding than requested. The lack of adequate funding forces changes in schedule that delay milestones. 
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As program development is stretched out, overall 
life-cycle costs increase. In FY 2011, NOAA requested 
approximately a billion dollars for the JPSS program 
and received less than half that amount. This forced 
the JPSS program office to slow work on JPSS-1 while 
prioritizing the near-term launch of NPP. This led 
directly to later launch dates for JPSS-1 and -2 and 
an increase in the likelihood of a gap in satellite data 
collection, which puts lives and property at risk.81 
GOES-R has also repeatedly received lower funding 
levels than requested, and the GOES-R program 
office lists program funding stability as the highest 
risk to its overall life-cycle costs.82 Finally, despite 
the widely recognized success of the COSMIC 
program, Congress has repeatedly declined to provide 
any funding for COSMIC-2. Data from GPS radio 
occultation satellites improves forecasts that affect 
billions of dollars across many industries. Although 
this data would not completely remedy the likely gap 
in data collection, it could help to mitigate the effects.83 
Congress should fully fund these three weather satellite 
programs to prevent further launch delays, mitigate 
potential data gaps, and avoid slowdowns that lead to 
increased life-cycle costs.

Recommendation 2: The United States 
should seek opportunities to increase international 
cooperation on weather satellite programs to help 
decrease costs and increase capabilities.
Weather does not stop at a nation’s boundaries. 
Accurate weather prediction requires information 
about atmospheric conditions around the world. The 
World Meteorological Organization (WMO), an 
agency of the United Nations, includes members of 
191 states and territories.84 Although every country 
uses weather data, and many countries operate Earth 
observation satellites that are used for research 
purposes, there are only seven operators of weather 
satellites: the United States, Europe, India, Russia, 
China, Korea, and Japan. Only four of these—the 
United States, Europe, Russia, and China—operate 
polar-orbiting weather satellites.85 
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Weather satellites provide an excellent opportunity for international cooperation, because all countries require the 
same types of global data for numerical weather forecasting models. Rather than building redundant systems to collect 
this data, it is possible to coordinate data collection. One way to do this is through joint constellation planning, in 
which each partner is responsible for developing satellites for one portion of the constellation. The United States and 
Europe have taken the first steps toward doing this in the Initial Joint Polar System (IJPS) and the Joint Transition 
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Activities ( JTA) agreement. Under these agreements, the United States collects 
data in the afternoon orbit and Europe collects data in the mid-morning orbit.86 

This type of cooperation led to significant cost savings for the United States, which 
was able to reduce its collection responsibilities from two orbits down to one, and 
reduce its planned civilian satellite program from four satellites to two, without 
reducing the quantity or quality of data. The United States is currently developing 
a follow-on agreement to the IJPS and JTA. These types of partnerships can be 
challenging because they rely on mutual trust. The gap in polar-orbiting data 
collection between the end of the NPP satellite and the launch of JPSS will affect 
Europe in a similar way to the United States, but Europe did not have a vote in 
management and budgeting decisions that affected this gap. Despite the difficulties, 
it is important that the United States maintains this key partnership with Europe 
and looks for opportunities to expand, increasing benefits. One option would be to 
bring Russia and China, the two additional countries that currently operate polar-
orbiting weather satellites, into the partnership, further sharing costs and benefits. 
This is particularly useful as other countries begin to improve their data collection 
capabilities.

The United States also partnered very successfully with the Taiwan National Space 
Organization (NSPO) on the COSMIC program. As part of this partnership, 
the United States was able to get valuable data from a constellation of GPS radio 
occultation satellites that significantly improved forecasts without paying the 
full cost of this constellation. The United States currently has the opportunity to 
continue this successful partnership with the development of COSMIC-2. Congress 
should embrace this opportunity and provide funding for this program.

International cooperation can also take the form of an exchange of satellite 
instruments. This reduces costs and promotes interoperability. It is often less 
expensive to develop two identical copies of an instrument rather than developing 
two unique instruments. The instrument copy can be flown on a partner satellite. 
This allows the United States to get twice the amount of data without paying for a 
second satellite launch. Using the exact same instrument also ensures that the data 
collected by each satellite is very easy to compare or integrate. If a partner nation 
develops additional instruments as part of the exchange, this allows the United States 
to increase the capability of its satellites by adding the new instrument without facing 
any of the development costs associated with creating that instrument. This type of 
exchange was done very successfully as part of the current agreements with Europe, 
but it may not be continued in the future. The United States should retain this 
element of the agreement and look for other opportunities for instrument exchanges 
that can lower costs and increase capabilities for the United States.
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In some cases, the United States develops special arrangements to access data from other nations’ satellites. This is 
the case for Japan’s Global Climate Observation Mission 1 - Water (GCOM-W1) satellite, which the United States 
will use to meet operational requirements that would otherwise be difficult to achieve. As part of a Memorandum 
of Understanding with the Japan Aerospace Exploration Agency ( JAXA), NASA will provide ground support for 
the satellite by processing, archiving, and distributing data from the Advanced Microwave Scanning Radiometer 2 
(AMSR2). The instrument will provide data that helps to forecast severe storms, monitor sea ice, and predict the 
onset of climate phenomena, such as El Niño and La Niña.87 A great deal of satellite Earth observation data is shared 
freely. The United States can benefit by taking advantage of these foreign data sources and by actively encouraging 
other nations to increase the amount of data that is shared.

Finally, international cooperation can help to reduce risks in the event of unexpected satellite failure. The 
Coordination Group for Meteorological Satellites (CGMS), which works closely with WMO, helps to facilitate these 
arrangements. Contingency plans have been used in the past; for example, Europe’s Meteosat-3 replaced GOES-7 in 
order to continue monitoring the Atlantic region, and GOES-9 was moved westwards over the Pacific Ocean to fill 
gaps between Japan’s GMS-5 and MTSAT-1R satellites.88 The United States currently has agreements with Europe 
and Japan to provide geostationary satellite coverage in the event of the loss of a GOES-East or GOES-West satellite.

The international nature of weather and weather monitoring makes this activity particularly well suited for 
international cooperation. Existing international agreements have allowed the United States to reduce costs and 
increase capabilities in an efficient way. It is important that the United States continue to support these types of 
arrangements by providing funding and meeting the obligations of these agreements. The United States should also 
look for additional opportunities to share costs internationally.
 
Recommendation 3: The United States should explore the potential for working with commercial weather 
satellite data providers to augment current weather satellite capabilities and improve weather forecasting.
Just as international cooperation offers the potential for decreased costs and increased capabilities, working with 
commercial entities may also be beneficial for the U.S. weather program. Purchasing data from commercial entities is 
not a new activity for NOAA, which purchased ocean color data for many years from the Sea-viewing Wide Field-
of-view Sensor (SEAWiFS) hosted aboard the Orbview II satellite operated by remote sensing company GeoEye. 
Synthetic aperture radar (SAR) data is purchased from commercial sources in Canada and Europe, allowing NOAA 
to more accurately detect and monitor ice. This data helps the U.S. National Ice Center to create products identifying 
safe navigational routes through ice-covered waters. 

In FY 2008, NOAA developed a formal process to get information on the commercial sector’s capabilities, allowing 
the agency to better assess the feasibility of future partnerships. The weather information obtained from commercial 
sources would supplement GOES-R and JPSS. After an initial request for information was posted by NOAA, a 
conference was held to allow government representatives to present agency missions, goals, and requirements related 
to Earth observation. Following this event, NOAA developed a series of request for quote (RFQ) solicitations to 
establish price validation and technical feasibility studies for using commercial services to meet their requirements. 
The solicitations were released in three sets over the course of 2008 and 2009. NOAA awarded RFQ study contracts 
worth $25,000 each to a number of companies in relation to each of these sets, as described in Figure 7.90

Through its analysis of the first set of RFQ contracts, NOAA determined that there are services for environmental 
data collection with potential value for the government. These include total solar irradiance monitoring via a 
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government-developed payload hosted on a 
commercial satellite, solar wind data purchased 
from commercial industry, and GPS radio 
occultation data either purchased commercially 
or collected via government-developed payloads 
launched on a constellation of commercial 
satellites. 91

In September 2010, the Commercial Remote 
Sensing Regulatory Affairs Office within NOAA 
granted GeoMetWatch a license to operate a 
private Geostationary Hyperspectral Imaging/
Sounding System. The proposed system can 
include up to six satellites in geostationary orbit, 
providing products for advanced environmental 
and weather observations. With NOAA’s 
Hyperspectral Environmental Suite (HES) 
removed from GOES-R, GeoMetWatch’s 
instrument would offer a valuable capability that 
the U.S. government does not currently possess. 
It would collect data in 1800 different spectral 
channels; current U.S. geostationary sounders 
collect data in about 18 channels. This capability 
makes it possible to distinguish between the 
movements of water vapor, carbon dioxide, and 
other elements of the atmosphere, each of which 
reflects light in a unique way. The data collected 
by this instrument has the potential to greatly 
improve weather forecasting, particularly the 
development of hurricanes and other extreme 
weather events. The instruments are expected to 
be launched as hosted payloads on commercial 
communications satellites. The first GeoMetWatch 
sounder is expected to launch aboard the AsiaSat 
Communications satellite in 2016 and provide 
data over the Asia-Pacific region.92 

Study Contract 
Award Date

Company Observation  
Requirement

Mar 2008 Iridium GPS Radio Occultation

Orbcomm

GeoOptics

Iridium Solar Irradiance

Orbcomm

Microsat  
Systems

Space Services Solar Wind

Space Services Coronal Mass Ejection

Orbcomm

Jun 2009 Iridium Earth Radiation Budget

Orbital Sciences

Sierra Nevada 
Corporation

Surrey Satellite 
Technology US

Iridium Sea Surface Height/ 
TopographySurrey Satellite 

Technology US

ITT Space  
Systems

Geostationary  
High Spectral  

Atmospheric ProfilesSpace Systems/
Loral

Surrey Satellite 
Technology US

ITT Space  
Systems

Ocean Color

GeoEye

Mississippi 
State University

Sep 2009 Iridium Ozone Profiles

Orbital Sciences

Sierra Nevada 
Corporation

Orbital Sciences Aerosol Particles

FIGURE 7: NOAA Contracts for Studying Feasibility of  
Commercial Weather Observations

Source: U.S. Department of Commerce, Office of Space Commercialization

Two relatively new companies, GeoOptics and PlanetiQ, both aim to develop constellations of GPS radio occultation 
satellites. PlanetiQ plans to launch a 12-satellite constellation, which could be ready two to three years after construction 
of the satellites begins, soon enough to help mitigate gaps in data collection if the decision to build is made quickly. The 
company estimates the cost to the government would be less than $70 million a year.93 GeoOptics has plans for an even 
larger constellation of GPS radio occultation satellites, with 24 or more satellites planned over eight years. GeoOptics 
plans to make data from its constellation free to all researchers and developing countries. The company will also offer a 
worldwide license for purchase by any entity or group that would allow the data to be freely shared. The first spacecraft is 
expected to launch in 2014, with a fully operational 12-satellite constellation in orbit by 2017.94 
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Despite strong interest from industry, there are numerous challenges to using commercial data sources to supplement 
NOAA’s core satellite systems. One of the primary reasons that commercial data purchases are less expensive than 
satellite ownership is because the fixed costs of the system are shared with other customers. However, NOAA follows 
a full and open data policy that allows it to widely distribute its products and services. This is essential in fulfilling its 
missions related to public safety and global environmental monitoring. U.S.-collected weather data is used by nations 
around the world and forms the backbone of the commercial value-added weather industry in the United States. This 
open data policy may conflict with the proprietary data management incentives of the commercial space sector. If 
NOAA purchases a fully open license that allows it to share the data freely, then it would likely be the only customer 
for the company because other organizations would get the data from NOAA for free. In this case, it is not clear 
whether the system would be less expensive than traditional government procurement methods. 

Further, NOAA is also prohibited by law from leasing, selling, transferring to the private sector, or commercializing 
its weather satellite systems. This could become a barrier if the acquisition of commercial data sources is seen 
as an attempt to commercialize NOAA weather satellites. In addition, NOAA requires Earth data records and 
measurements that meet the strict technical requirements of the scientific community. These accuracies and tolerances 
are often more stringent than commercial operations.

Despite these challenges, benefits from partnerships with industry are still possible. Commercial entities are often 
thought to be more efficient, with incentives to reduce operating costs to increase profits. Innovative new ideas 
in the commercial sector may lead to new technologies for which the government does not have to pay research 
and development costs. Creative licensing agreements, for example, those based on timeliness of the data, may 
provide opportunities for meeting necessary requirements. The United States should actively seek opportunities for 
commercial partnerships that meet its requirements while reducing costs and increasing capabilities.

Recommendation 4: The United States should conduct a comprehensive review of its weather satellite 
program portfolio to determine the correct level and distribution of funding to achieve the desired capabilities.
The first three recommendations are built upon the premise that there are good and timely opportunities for the 
United States to improve the efficiency of its weather satellite programs. The United States should provide accurate 
and stable budget estimates, choose forward-looking budget savings rather than shortsighted options, and provide full 
and stable funding for existing programs. The opportunities to improve efficiency through partnerships with other 
nations and the commercial sector are increasing. These partnerships can save U.S. taxpayers money and improve 
capabilities while side-stepping costly and time-consuming development cycles. The United States should carefully 
examine these opportunities and determine the best distribution of funding among different types of partnerships 
and programs. However, increasing efficiency is not enough on its own. With billions of dollars of property and 
productivity and thousands of lives at stake, the United States must determine whether it is providing the correct level 
of funding, management, and strategic direction for its weather systems. 

On May 20, 2013, a tornado swept through the small town of Moore, Oklahoma, killing 23 men, women, and 
children.95 While residents in Moore received their first warning 16 minutes before the tornado touched down and 
36 minutes before the tornado reached their town, average tornado warning lead-time (between the initial warning 
and the touch-down of the tornado) is only 13 minutes.96 Just days later, the House Subcommittee on Environment 
held a hearing titled, “Restoring U.S. Leadership in Weather Forecasting.” The committee asked whether anything 
could be done to improve forecasting time for tornadoes. As noted previously, the HES instrument originally 
planned for inclusion on GOES-R would have, in combination with other advances such as the improved capabilities 
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provided by ABI and GLM, helped to increase tornado warnings to approximately one hour, significantly increasing 
the time people have to find shelter. However, seven years earlier, insistence by Congress that GOES-R keep costs 
down led to this potentially lifesaving instrument being removed from the satellite. The decision was believed to 
save approximately $5 billion over the lifespan of the program and prevent delays in GOES-R that could have led to 
unacceptable gaps in geostationary weather satellite data.97 However, given the thousands of lives that could have been 
affected by just the tornado-warning improvement provided by this technology, it is worth considering whether this 
decision ultimately in the best interest of the nation. 

Making these types of trade-offs is difficult. Weather and climate affect almost every industry and every individual, 
and accurate weather forecasts can help save billions of dollars. However, government funds are not unlimited, and 
increasing funding in any area is challenging in such difficult economic times. Nevertheless, the government has a 
responsibility to make these decisions carefully and with all necessary information. If Congress chooses not to provide 
additional funding to maintain a weather satellite sensor, it should be informed of exactly what capabilities are being 
lost. The United States should conduct a comprehensive review of its weather satellite portfolio to determine the 
correct level and distribution of funding to achieve the desired capabilities.

C o n c l u s i o n
Weather satellites are critical to our ability to monitor and predict the weather, and improvements in satellite 
capabilities lead to improved weather forecasts that can help save lives and property. In the United States, both the 
geostationary and the polar-orbiting weather satellite systems are undergoing a major upgrade in capabilities. In 
the course of their development, both efforts have faced challenges that led to cost overruns, schedule delays, and 
reductions in capabilities. Both projects now run a risk of gaps in satellite coverage, which could lead to a reduction in 
U.S. capability to accurately forecast weather, including severe storms. Understanding how these programs developed 
helps to identify both lessons for the future and also the ongoing challenges that need to be addressed. 

Adequate funding and close management oversight will be required to minimize the danger of gaps in satellite 
coverage. It is essential that these systems are provided to ensure that U.S. citizens and industries as well as others 
around the world continue to get the weather forecasts they rely on for decision-making and daily activity. In addition, 
the United States should investigate the possibility of increased cooperation with other nations and with commercial 
organizations. 

Decreases in planned sensor capabilities and products for these satellites could mean that the United States does 
not capture all of the potential benefits of advances in modern technology. If the United States did develop these 
capabilities, improvements in weather prediction, such as significantly more timely warnings of severe storms or 
tornadoes, could help to save lives and property. Weather satellites are essential to daily life, and the capabilities they 
provide should not only be continued without degradation but also improved as we move forward as a nation.

If you have questions about this paper, please contact research@spacefoundation.org. 
To learn more about the Space Foundation, visit www.spacefoundation.org.
Space Foundation research products can be found at www.spacefoundation.org/research.

The findings and recommendations in this report are based upon publicly available information. The views expressed are solely those 
of the author and may not reflect those of the Space Foundation’s Corporate Members. The support of these organizations for the 
Space Foundation’s broad spectrum of activities should not be construed as endorsement of, or agreement with, the findings and 
recommendations of this report, and should not be taken as reflecting the positions or stance of any of the supporting organizations.
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