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Summary

Extreme weather events, such as high winds, tornadoes, and heavy rainfall, impact communities across the United States each year. These extreme events can result in property damage, injuries, and lives lost. Multiple federal agencies have an interest in weather forecasting and warning. For example, Congress has directed the Secretary of Commerce to observe, forecast, and warn the public of weather and floods (15 U.S.C. §313), among other responsibilities. To do so, the Secretary has delegated responsibility for establishing and maintaining a series of weather radars across the country for observation and forecasting purposes to the National Oceanic and Atmospheric Administration (NOAA). NOAA works with the Federal Aviation Administration (FAA) and the U.S. Air Force—collectively known as the tri-agencies.

The tri-agencies operate 158 pulsed Doppler weather radars around the world, known as the Next Generation Weather Radar (NEXRAD) system. The radars scan the sky to assess atmospheric conditions at different heights above the ground. Forecasters use radar data to identify the different types (e.g., rain, hail, snow, ice, sleet) and intensity of precipitation, and to detect airborne tornado debris or conditions for possible tornado development. Forecasters analyze information from across the system to forecast and issue severe weather watches and warnings.

Members of Congress and other stakeholders have expressed a variety of concerns with NEXRAD. Concerns have generally centered on gaps in radar coverage, interference with radar, and the end of NEXRAD's design life in the early 2030s. Groups such as NOAA's Science Advisory Board and Environmental Information Services Working Group have recommended several immediate and future actions NOAA could take to address these issues. In 2019, NOAA found no "significant areas of warning service deficiency due to reduced radar coverage" and recommended an "all of the above" approach to improving hazardous weather detection. NOAA has responded to some stakeholder concerns and recommendations with various activities over time, such as the purchase of commercial radar data, changes in radar operations (in some cases), and the use of non-NOAA radar data. NOAA's Radar Next Program also continues to assess various radar technologies, including phased array radar, to determine the future weather radar system.

Congress continues to examine the strengths and weaknesses of NEXRAD, including stakeholder-identified issues of radar coverage and signal interference, as well as the configurations and costs of potential future radar systems as NEXRAD reaches the end of its design life. Congress might also consider how implemented and proposed changes to NOAA staffing could affect the federal weather radar system.











Introduction

Extreme weather events, such as high winds, tornadoes, and heavy rainfall, impact communities across the United States each year. These extreme events can result in property damage, injuries, and lives lost.1 Multiple federal agencies have an interest in weather forecasting and warning. For example, Congress has directed the Secretary of Commerce to observe, forecast, and warn the public of weather and floods (15 U.S.C. §313), among other responsibilities. To do so, the Secretary has delegated responsibility for establishing and maintaining a series of weather radars across the country for observation and forecasting purposes to the National Oceanic and Atmospheric Administration (NOAA). NOAA does so with the Federal Aviation Administration (FAA) and the U.S. Air Force, collectively known as the tri-agencies.2 The current weather radar system, the Next Generation Weather Radar (NEXRAD), became operational in 1992. Congress continues to examine NEXRAD's strengths and weaknesses, including stakeholder-identified issues of radar coverage and signal interference, as well as the configurations and costs of potential future radar systems as NEXRAD reaches the end of its design life. Congress might also consider how implemented and proposed changes to NOAA staffing could affect the federal weather radar system.

Radars send out radio waves to determine the distance and velocity of the objects they hit. Weather radars use this technology to scan the sky to assess atmospheric conditions at different heights above the ground. Forecast0065rs analyze information from the radars and other sources to forecast and issue severe weather watches and warnings. The federal government began constructing the NEXRAD system of Weather Surveillance Radars-1988 Doppler (WSR-88D; Figure 1) in the early 1990s.3 The tri-agencies selected radar locations to "provide extensive radar coverage," resulting in (1) overlapping radar coverage, where possible, east of the Rocky Mountains, and (2) increased coverage, in comparison to previous radar networks, west of the Rocky Mountains (Figure 2).4 According to NOAA, NEXRAD is "the most important tool for short fuse, high impact warnings and without it the loss of life from severe weather would be extraordinarily higher."5

The tri-agencies operate 158 weather radars around the world, as of May 22, 2026.6 Of the 158 weather radars, 142 are in the conterminous United States and 16 are in Alaska, Hawaii, U.S. territories, and U.S. military bases in other countries. NOAA states that the system was a $3.1 billion capital investment.7 Under the tri-agency Memorandum of Agreement, each agency is responsible for managing its own NEXRAD sites, including logistics and supply costs, and for sharing collected radar data with the other agencies.8 NOAA also has responsibility for the Radar Operations Center and for operational support of all deployed radars.9







	Figure 1. WSR-88D in the NEXRAD System




	



	Source: National Oceanic and Atmospheric Administration (NOAA), National Severe Storms Laboratory, "Tornado Intercept,"  https://inside.nssl.noaa.gov/nsslnews/2023/05/union-city/. Original image cropped.

Notes: Each WSR-88D includes a spherical radome atop a tower, as shown in the photo.






NOAA has been preparing for what comes after NEXRAD since at least 2003.10 In 2012-2013, NOAA updated the radars to provide forecasters with additional information to help identify precipitation by type (e.g., rain, hail, snow, ice, sleet) and intensity, and to help detect airborne tornado debris or conditions for possible tornado development.11 A 2025 study estimated that NEXRAD provides an annual benefit of between $5.2 billion and $11.2 billion in 2024 dollars in reduced injuries and fatalities from tornadoes, flash floods, and severe winds, as well as reduced or eliminated aviation-related costs.12







	Figure 2. NEXRAD Locations

(as of May 22, 2026)




	



	Source: CRS, from NOAA, National Centers for Environmental Information (NCEI), "NEXRAD Inventory: Select Site (WSR-88D and TDWR)," accessed May 22, 2026, https://www.ncei.noaa.gov/nexradinv/choosesite.jsp, and NOAA, "cdo/nexrad (MapServer)," https://gis.ncdc.noaa.gov/arcgis/rest/services/cdo/nexrad/MapServer.

Notes: DOD = Department of Defense; FAA = Federal Aviation Administration; NWS = National Weather Service. The map shows active NEXRAD sites according to NOAA as of May 22, 2026.








Selected Stakeholder Concerns

The tri-agencies, some Members of Congress, and other stakeholders have expressed a variety of concerns with the NEXRAD system. Concerns have generally centered on gaps in radar coverage, interference to radar signals from multiple sources, and the anticipated end of NEXRAD's design life. Each has the potential to impact weather forecasting and the issuance of watches and warnings.

Gaps in Coverage: Several stakeholders, including NOAA advisory groups, have found limitations with current radar areal coverage. Congress directed NOAA's Science Advisory Board (SAB) to provide advice for prioritizing NOAA weather research initiatives in the Weather Research and Forecasting Innovation Act, known as the Weather Act (P.L. 115-25, §401). According to SAB's 2021 report, NOAA radar observations have "significant" limits in the lower part of the atmosphere.13 SAB stated that approximately 70% of the western United States below 1 kilometer altitude is unobserved, and some coverage gaps occur in the eastern United States.14 Depending on the location of NEXRAD, the radar may not be able to scan the atmosphere below a certain altitude. For example, a radar sited on a mountainside may only be able to scan the atmosphere at altitudes at and above the site's elevation, with additional obstructions due to nearby mountains and other natural and manmade features. NEXRAD at these locations, therefore, may "miss" weather phenomena at lower altitudes, as they would be below the radar's scanning level. NOAA and other stakeholders have known of these gaps since NEXRAD's construction.15

The 2021 report recommended NOAA "integrate more fully data from existing radars operated by others," and begin deploying certain commercially available, low-cost radars into areas with the most significant gaps, with "at least thirty radars deployed within three years" (of 2021). In 2023, SAB recommended additional steps that NOAA could take to address the gaps:


	"Establish a gap-filling radar data strategy";

	"Use commercial radar data already in hand"; and

	"Act immediately to implement the gap-filling radar data strategy." 16



Interference with Radar:  According to NOAA, multiple types of interference may degrade radar data quality, including physical blockage and external source radio frequency.17 Physical blockage of radar pulses may occur due to nearby natural features (e.g., trees) and man-made infrastructure (e.g., buildings, wind turbines). External sources of radio frequency interference may include local area telecommunication networks and surveillance cameras.18

End of Service Life: The NEXRAD system is nearing the end of its service life. NEXRAD was deployed across the country between 1992 and 1997 with an expected 20-year service life.19 According to NOAA, NEXRAD is operating beyond its design lifetime, and some of the radars in the network are experiencing metal fatigue and/or have damaged components or obsolete parts.20 In some cases, the agency has stated that the replacement parts are obsolescent or unavailable, or that damaged components would be cost prohibitive to repair.



NOAA's Response to Concerns and Recommendations

NOAA has made some changes in response to stakeholder concerns and recommendations.


Gaps in Coverage

Congress directed NOAA to report on NEXRAD gaps and potential ways to address such gaps in the Weather Act (P.L. 115-25, §414) and H.Rept. 114-605.21 The resulting 2019 study did not find "significant areas of warning service deficiency due to reduced radar coverage."22

The agency has responded to some stakeholder concerns and recommendations, including the following.


	With respect to integrating data from non-NOAA radars, NOAA stated that the agency continually updates its policy for the use of non-NOAA radar data, and that, as of 2022, it was assessing the potential benefits of using supplemental radar data in numerical weather models.23 As of 2023, NOAA was also incorporating information from the FAA's 45 Terminal Doppler Weather Radars.24

	With respect to deploying low-cost radar, NOAA responded in 2024 that then-current funding levels were insufficient to change the national radar coverage beyond limited radar data purchases. As of 2026, NOAA has partnered with California and the University of California, San Diego, on a pilot project to combine data from an existing NEXRAD site with a new weather radar network and high-resolution models to improve prediction of precipitation, streamflow, and coastal flooding in San Francisco Bay.25

	With respect to establishing a gap-filling radar data strategy, in 2022, the agency noted that it is currently using nonradar observational platforms and advanced data integration to supplement radar coverage.26 As of 2024, NOAA stated that it planned to define a "backbone" radar architecture that would best serve the nation, including ways to address gaps in radar coverage and the needs of vulnerable and underserved populations.27

	With respect to using commercial radar data already available, in 2022, NOAA began evaluating private-sector radar data across the country to inform NOAA's future commercial radar data strategy.28 As of 2024, NOAA was purchasing data from 20 radars from the National Mesonet Program for demonstration purposes.29 The agency planned to purchase additional commercial radar data in FY2027.30



As of 2024, NOAA also had made other incremental improvements, such as changing NEXRAD radar angles to scan lower altitudes at 19 radars, and stating that it planned to lower elevation angles at an additional 8 radars.31



Interference with Radar

NOAA and other federal agencies have acknowledged radar interference issues from crowding of the frequency spectrum, wind turbines, trees, and other structures. As of 2024, NOAA planned to continue efforts to address those issues.32 For instance, the agency stated that "interest in increasing spectrum utilization [by the private sector] will require NOAA to engage in formal processes to defend its S-band allocation and possibly accommodate new users while also limiting opportunity for a bigger NOAA footprint."33

In terms of physical interference, in 2024 the federal Wind Turbine Radar Interference Mitigation working group, which includes NOAA, FAA, and DOD, among other agencies, found that no mitigation technology it had assessed had been able to fully restore the technical performance of impacted radars.34 It also noted that new techniques and federal government-private sector collaboration have allowed agencies to continue to perform their missions without significant impacts. As of 2024, NOAA had been participating and funding additional mitigation research.35



End of Design Life

NOAA has been preparing for what comes after NEXRAD since at least 2003.36 NOAA began a service life extension program for NEXRAD—which consisted of replacing and refurbishing major components of each radar—in 2015 and completed it in 2024. With these investments and continued maintenance, NOAA expects NEXRAD to continue to be "upgradable, reliable, and maintainable beyond 2035 or until a suitable replacement for the WSR-88D is deployed."37

Regarding replacement, recent NOAA activities have focused on research and development (R&D) of phased array radar (PAR).38 NOAA conducts its PAR R&D primarily through the Office of Oceanic and Atmospheric Research's (OAR's) National Severe Storms Laboratory (NSSL) and its Advanced Technology Demonstrator (ATD).39 The NSSL is considered the "de facto Radar Laboratory" and the ATD "one of NSSL's major severe weather research tools for the next decade."40

Since 2021, NOAA's radar acquisition has coalesced under the newly created NWS Radar Next program and focused on "acquisition, integration, and implementation of a follow-on radar capability to provide continuity and meet emerging requirements for NOAA's most important observational system."41 The Radar Next program estimates the following time frames for various acquisition stages: initiation and planning stage through 2028; design and development stage through 2032; manufacturing and installation stage through 2040; and the operations and maintenance stage to begin in 2035.42

NOAA has assessed and continues to assess alternative replacement configurations and mechanisms. In May 2025, NOAA requested information from the private sector regarding the sector's ability to provide radar-as-a-service (RaaS) that could meet or exceed the capabilities and coverage of the current NEXRAD system.43 As of March 2026, the agency was working on an Analysis of Alternatives, including an examination of technologies and possible radar system architectures, to replace NEXRAD.44 The analysis aims to compare the costs and benefits of another service life extension program for WSR-88D versus replacing WSR-88D with either an updated version of the WSR-88D or PAR technology (with multiple configurations possible).45




Congressional Considerations

Congress may consider a range of issues related to NOAA's weather radars, including concerns about coverage, interference, and end of service life; costs of potential future radar systems; and impacts of implemented and proposed changes to NOAA staffing.


Addressing NEXRAD Concerns

The 119th Congress has shown continued interest in addressing concerns with the NEXRAD system. For instance, Congress provided NWS with up to $12.6 million in FY2026 to purchase commercial weather radar data in areas that lack "adequate" radar coverage, and directed NWS to establish a Radar Program Office to develop a plan for the "impending recapitalization" of the weather radar system.46 The Radar Program Office's plan is to contain "an analysis of technologies, as well as alternative architectures, including purchasing radar data as a commercial service" or RaaS, as noted above.47

Some Members of the 119th Congress also have introduced legislation focused on the future of NOAA's weather radar. For instance, H.R. 2646 and S. 3795 would codify the Radar Next program at NOAA, would require the development of a plan to replace NEXRAD, and would allow for the purchase of RaaS, among other activities. Another bill, H.R. 1115, also includes similar provisions regarding a NEXRAD replacement plan and RaaS. Proposed Weather Act reauthorization bills (e.g., H.R. 3816, H.R. 5089, S. 3923) would incorporate directives from H.R. 1115, H.R. 2646, and S. 3795, and also would authorize appropriations for continued next generation radar research. Other bills (H.R. 2295, H.R. 3816, and H.R. 5089) would direct NOAA to establish a research, development, test, and evaluation program regarding radar line of sight interferences.



Costs of Current and Future Systems

A long-standing issue for Congress is considering the costs of maintaining existing observation platforms, like NEXRAD, in comparison to the potential costs of acquiring and maintaining future observational platforms. According to a 2019 NOAA report, NOAA's annual base appropriated funds for NEXRAD operations and maintenance were approximately $73.0 million, and the FAA and Air Force's combined annual contribution to NOAA's Radar Operations Center was approximately $10.0 million.48 The NOAA report also estimated that recapitalizing NEXRAD (i.e., replacing the existing infrastructure with new technology) in the 2035-2040 time frame would cost approximately $6.0 billion in 2019 dollars, based on the acquisition cost of the original NEXRAD system, adjusted for inflation.49 (For context, Congress provided NOAA a total of $6.2 billion in FY2026.)50

As noted above, Congress and NOAA have explicitly appropriated and requested, respectively, funding for research, development, and acquisition of a future weather radar system. Radar research activities may have also occurred under other broader budget line items. According to the 2019 report, NOAA had invested approximately $133.0 million in PAR research and development since 2003.51 Congress has provided additional funding specifically for radar research since 2019, most recently in FY2026, when it directed $74.6 million for the procurement of a PAR test article (i.e., a prototype radar) and additional funding for the radar demonstration project in the San Francisco, CA, region (discussed above in "Gaps in Coverage").52 For FY2027, NOAA's budget request does not provide a specific budget line request for radar research, but rather incorporates it into a new broader budget line item activity (i.e., "Science and Technology Integration").53

Regarding development and acquisition, NOAA's FY2027 budget request includes a budget line item for the Radar Next program, noting that the program requested $20.5 million in FY2026 and $21.2 million in FY2027. It is unclear to CRS how much funding Congress provided to the program, if any, in FY2026, and how the program fits within the newly created Radar Program Office.54 The agency stated that FY2027 funding would support the development of "detailed requirements, program cost estimate," and "numerous acquisition plans required to achieve DOC Milestone 2 project approval in 2028."55 NOAA planned to include a variety of radar-related activities in its acquisition plans, including radar system design, development, and deployment requirements; purchase and integration of commercial data; machine learning/artificial intelligence; cloud computing; and technology advancement and improvements.56

DOC Milestone 2 is part of the multistage DOC Acquisition Framework, with a total of six steps (Milestones 0-5). Congress has typically provided funding for each stage of the acquisition process and then operations and maintenance over multiple years, rather than in one lump sum. For example, Congress has provided billions of dollars to NOAA for its satellite programs over time, for research, acquisition, and operations and maintenance.57 As part of oversight, Congress also has required the agency to provide five-year estimates of procurement, acquisition, and construction budgetary requirements for projects over $5 million; quarterly briefings to appropriations committees on all NOAA satellite programs, among other activities; and an annual major satellite expenditures report to Congress.58 Congress may consider directing the agency to abide by the acquisition and appropriations process established for major satellite programs for oversight of radar development, acquisition, and procurement, or it may create a new process to facilitate oversight of these activities.



Changes in NOAA Organization and Staffing

The Trump Administration proposed to eliminate OAR, including NSSL, in FY2026 and FY2027 and transfer some OAR activities to NWS "to streamline program management and focus on NOAA's weather mission."59 For FY2026, Congress retained OAR and approved the transfer of a subset of the Administration's requested activities, including the Tornado Severe Storm Research/Phased Array Radar program, to NWS.60 It is not clear to CRS whether or how NSSL's PAR research may change with the laboratory and the research program operating within different line offices (OAR and NWS, respectively). Congress may choose to evaluate whether splitting PAR research across two line offices is detrimental or beneficial to weather research, and may choose to consider legislation to address the issue or allow the agency discretion to implement the programs under current authorizations. Congress previously directed NOAA to assess whether research- and operations-focused programs should be kept separate or combined; a NOAA advisory group recommended retaining OAR as a research-focused line office.61 Congress may choose to request that the group or another entity again review NOAA's organizational structure, including the placement of research- and operations-focused programs, and make recommendations on the most effective configurations.62 Alternatively, Congress could direct the agency to restructure in certain ways or continue to approve the agency's ability to do so.

In 2025, the Administration reduced NOAA staffing through various means as part of efforts to increase government efficiency and reduce federal spending. For FY2026 and FY2027, NOAA requested to reduce staffing levels. For FY2026, Congress expressed concern that "staffing losses [would] affect the agency's ability to fulfill its statutory responsibilities" and encouraged NOAA to address mission-critical vacancies.63 Congress also directed NWS to "maintain staffing levels" to protect life and property to the maximum extent possible.64 It is unclear to CRS what staff positions related to NEXRAD and Radar Next might be considered "mission-critical"; NOAA has again requested to eliminate OAR and add positions to NWS for FY2027.65 Congress may choose to seek clarification from NOAA regarding which staff positions related to NEXRAD and Radar Next it considers essential. Congress may also consider whether NOAA's reduced workforce is able to maintain the current radar network and develop a new network, and if not, how the agency should proceed with obtaining weather radar observations, if such observations are of federal and congressional interest.
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