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No two environments are the same and neither is the radar that serves them best.

The right match means decades of high-resolution data, reliable early warnings, and a
system built to last. The wrong one means coverage gaps, degraded data when it matters
most, and a system that is ultimately unreliable for your needs.

This guide gives decision-makers a clear, practical framework for selecting the right radar
covering frequency band, transmitter type, power, dual-polarization, and site selection.
Whether you are building a new network from scratch, expanding coverage, or upgrading
aging infrastructure, these are the considerations that matter most.

Start Here: Which Radar
Is Right for You?

If you need a fast orientation before diving into the technical detail, the table below maps common
operational situations to the most appropriate radar starting point. Every deployment is ultimately
unique, but this gives you a confident foundation for the conversation with your radar partner.

Your situation Recommended starting point
Tropical / sub-tropical region, frequent heavy S-Band — lowest rain fade, longest QPE
rain or flooding range, ideal for early warning systems
General national meteorological network, C-Band — best balance of performance,
broad coverage needed range, and cost; most globally deployed

Mobile deployment or research applications X.-Band ~ compact, trgqsportable,
high short-range precision

Gap-fill in existing network C-Band — proven for targeted coverage
deployments

. . Transportable C-Band; Baron site survey
Mountainous or complex terrain

recommended
Dual-polarization required Any band — Baron offers dual-pol across
(hail, tornado, flood extent) S, C, and X; higher power recommended

Baron's radar team and engineers are available to support your selection and perform site surveys
before any purchase. No two environments are identical, and expert consultation at the outset prevents
costly errors downstream.



Transmitters and the
Local Weather Environment

All weather radars work on the same fundamental principle: transmitting radio frequency
(RF) pulses into the atmosphere, then analyzing the signal reflected back by precipitation,
wind, and other atmospheric material. The characteristics of that returned signal allow
the radar processor to calculate the location, intensity, and type of hydrometeors with
precision.

The transmitter is the engine of that process. There are three main types in operational use
today, and the choice among them has meaningful implications for data quality, longevity, and total
cost of ownership.

Klystron

The klystron is the gold standard for high-
performance weather radar. A large, high-power
vacuum tube used in C and S-band systems, it is
renowned for signal stability — the characteristic that
enables accurate wind (velocity) data and effective
removal of ground clutter from buildings, terrain, and
cellular towers.

Klystrons power the U.S. NEXRAD network and are
capable of operating for 20 or more years with proper
maintenance. They perform reliably across all weather
scenarios: heavy rain, hail cores, tornadic signatures,
flooding events, and winter precipitation. For agencies
that need the highest-quality data and the longest
operational lifespan, the klystron is the benchmark.

Mag netron Figure 1 - Klystron

Magnetrons also use vacuum tube technology and represent an excellent balance between
performance and budget. Paired with solid-state modulation and digital signal processing components,
magnetron-based radars are highly effective in most meteorological environments and particularly
capable at detecting the fine hydrometeor detail that matters for precipitation classification and
intensity estimation.

For organizations that require strong operational capability without the capital commitment of a
klystron system, the magnetron is a proven and widely deployed solution. Baron’s C-band and X-band
magnetron radars include proprietary technologies that mitigate the inherent limitations of the
magnetron transmitter.



Solid-State Transmitters

Modern solid-state transmitters, built on gallium-nitride (GaN) power amplifiers, now
deliver the range, sensitivity, and resolution once associated with high-power klystron

and magnetron systems without the high-voltage components, consumable tubes, and
maintenance those technologies require. For many operational and research deployments,
solid-state is no longer a compromise. It is the preferred choice.

A solid-state transmitter produces lower peak power than a tube-based system, but peak

power alone does not determine how far or how clearly a radar sees. Baron’s solid-state

radars use long-pulse transmission with dynamic matched filtering to recover the detection

sensitivity of a far higher-power system. Baron’s patented Progressive Pulse Compression Plus (PPC+)
technique, developed in partnership with the University of Oklahoma, eliminates the traditional near-
range blind spot without additional hardware or fill pulses delivering consistent, calibrated data from
close range to the edge of coverage.

Reliability is built into the architecture itself. With eight field-replaceable GaN amplifier modules,
extensive built-in monitoring, and no high-voltage components or consumable tubes to service, solid-
state systems offer markedly lower maintenance demands over the life of the system. And if a single
module fails, the radar keeps running — a meaningful operational advantage for agencies that cannot
afford downtime during severe weather.

Power: Why It
Matters More Than
You Might Think

Transmitter power has a greater effect on what a radar
can see than most people expect. A well-powered
system reveals the lighter precipitation at the outer
fringes of a storm system in Figure 2, giving forecasters
earlier warning and better situational awareness. This
is especially critical in coastal environments, where
tropical systems, dry lines, and offshore convection
need to be detected far enough out to allow meaningful
response time.

350,000 Watts

Additionally, more power is beneficial for the split-beam
configuration of dual-polarization systems, as shown

in Figure 3. Unlike conventional horizontal-scanning
radars, these systems split the radar signal between 1,000,000 Watts

Figure 2



two polarizations, effectively halving the power of each transmit channel. More information on dual-
polarization radar is provided later in this document.

For other situations, especially single-polarization systems, a 350 kW system will deliver strong, reliable

performance. This type of radar is powerful enough to analyze localized weather events, providing
meteorologists with situational awareness and accurate information.

B Horizontal Scan

B Vertical Scan

100% Power
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Frequency: Choosing Your Band

Frequency — the radar’s “band” — is one of the most important technical decisions in radar selection.
It determines the range, resolution, sensitivity, and how well the system performs during heavy
precipitation, particularly the phenomenon known as rain fade (signal attenuation). X-Band and C-Band
signals are more sensitive due to a shorter wavelength, while the S-band’s longer wavelength makes it
far less susceptible to rain fade or attenuation.

Significant Signal Loss

Reduced Signal Loss

Full Strength

X-Band Attenuation

Minimal Signal Loss

Full Strength

]

C-Band Attenuation

Full Strength

1]

S-Band Attenuation

Figure 4




S-Band (2.8-3.5 GHz)

S-band radar operates at the lowest frequency of the three main bands and is the least
susceptible to attenuation. In environments with frequent heavy rain, tropical convection,

or significant flooding risk, this resistance to rain fade is not a technical nicety, it is
operationally critical. S-band systems maintain accurate detection through the most intense
precipitation events, at ranges up to 460 km.

S-band also delivers a substantial advantage in velocity data quality. Due to the physics of lower
frequency signals, S-band produces significantly better storm tracking and wind data than C or

X-band — a meaningful edge for agencies that rely on accurate velocity information for severe weather
detection, tornado identification, and early warning decision-making.

Historically in the United States, S-band radar was restricted to federal government use. Since

2014, private and academic entities have had access to high-frequency S-band spectrum licenses,
opening this capability to a much broader range of organizations globally. The compact small S-band
configuration offers the power and performance of full S-band in a significantly reduced infrastructure
footprint.

- Best for: tropical and sub-tropical regions, flooding and early warning systems, long-range
national networks

> Transmitter: klystron (up to 1 MW) or magnetron

- Typical range: 460 km observation, 230 km QPE

C-Band (5.4 GHz)

C-band is Baron’s most widely deployed radar solution worldwide, and for good reason. It delivers a
highly capable balance between performance and cost: excellent range, strong sensitivity, flexible
deployment options including fixed and transportable configurations, and broad applicability across
meteorological environments.

C-band does experience more attenuation than S-band in heavy precipitation, a known limitation that
Baron addresses directly through advanced signal processing and attenuation correction technologies.
For organizations building or expanding a general-purpose meteorological network, C-band is almost
always the right place to start.

- Best for: national and regional networks, general meteorological surveillance, versatile
operational environments

> Transmitter: klystron (1 MW) or magnetron (350 kW), or solid-state

- Typical range: 230 km observation, 115 km QPE



X-Band (9.5 GHz)

X-band radar operates at the highest frequency, offering the finest resolution of the three bands. This
narrow wavelength excels at detecting sparse particles, making it particularly effective for snow

and winter precipitation surveillance. Its compact size also makes it the natural choice for mobile
applications, transportable deployments, and research operations.

The trade-off is range: X-band signals attenuate significantly in heavy rain, limiting effective observation
to approximately 60 km. This makes X-band best suited as a gap-fill radar to supplement an existing

S or C-band network, or for specialized research purposes where high resolution at short range is the
priority.

- Best for: mobile and transportable deployments, research applications, gap-fill in existing
networks, snow and winter precipitation

» Transmitter: magnetron (300 kW)

- Typical range: 60 km observation, 30 km QPE

Band Comparison
at a Glance

Parameter S-Band C-Band X-Band
Observation Range 460 km 230 km 60 km
. . Significantly .

Rain Fade / Attenuation Least affected Highest
more than S-Band

QPE Estimation Range 230 km 115 km 30 km

Best for Flooding / Heavy Rain Yes — ideal Good Limited range

Relative Cost Higher Mid-range Lower
Klystron, Magnetron, Magnetron

Transmitter Type Klystron (up to 1 MW) or solid-state (300 kW)



Dual-Polarization:
The Data Quality Multiplier

While conventional radar transmits linear horizontally polarized pulses, dual-polarization
radar systems transmit horizontally and vertically polarized pulses simultaneously. By
sampling received echoes along both polarizations, the radar processor can analyze
hydrometeor returns in a cross-section, providing far more accurate precipitation
measurements, as well as hail and tornado debris detection. Additionally, non-
meteorological phenomena like smoke plumes and bird/insect migrations can be identified
and tracked. For operational meteorology, the practical value is significant:

- Accurate distinction between heavy rain and - Highly accurate detection of lofted tornado
hail — critical for flood versus hail damage debris — a direct life-safety application

forecasting
> Identification of non-meteorological returns:

- Better quantification of flooding extent and smoke plumes, bird and insect migrations
rain rate at range

> Increased accuracy in winter precipitation type
forecasting (snow, sleet, freezing rain, rain)

Dual-pol data also feeds a suite of derived value-added products that extend the operational utility of
the raw radar data significantly. Baron offers dual-pol configurations across S, C, and X-band systems.

What Makes
Baron Radars Different

Baron has been designing and building weather radar systems for over 30 years, with more than
350 radars sold, installed, and upgraded worldwide — including for the U.S. National Weather
Service. That experience is embedded in a set of proprietary technologies not available on any
other radar platform.

ClearScan™ — Al-Powered Data Quality Algorithm

ClearScan™ is Baron’s patent-pending data quality algorithm that goes beyond traditional clutter
suppression. It identifies and removes a broad range of non-meteorological returns, including ground
clutter, buildings, cellular towers, and Wi-Fi interference, with greater accuracy and less collateral data
loss than conventional approaches. The result (Fig. 6) is cleaner base data and more confident analysis
across a wide range of environmental conditions.
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Figure 6 - ClearScan

CLEAN-AP — Oklahoma University Algorithm

Developed in partnership with the University of Oklahoma, CLEAN-AP (Clutter Environment Analysis
using Adaptive Processing) is an advanced signal processing algorithm focused specifically on ground
clutter suppression. It adaptively filters ground returns based on the specific environmental conditions
at each radar site. It is exclusive to Baron radar systems.

Baron Calibration and Multi-Radial ZDR Calibration

Accurate calibration is the foundation of reliable quantitative precipitation estimation (QPE). Baron’s
proprietary calibration methods, including multi-radial differential reflectivity (ZDR) calibration, maintain
measurement accuracy over time and across variable environmental conditions, directly improving the
downstream products that agencies rely on for warnings and forecasting.

Open Data Architecture

Baron radar systems are built on open data standards, enabling seamless integration with existing
meteorological software, numerical weather prediction (NWP) model ingestion pipelines, and third-party
data systems. Organizations are not locked into proprietary data formats or display ecosystems.

Site Selection: The Factor
That Overrides Everything Else

Of all the considerations in this guide, site selection has the greatest single impact on radar
performance. A state-of-the-art radar placed in a suboptimal location will consistently underperform a
more modest system sited correctly. Terrain, obstructions, and the geometry between the radar and the
monitored area are not variables that technology can fully compensate for.



The Obstruction Problem

Mountains, large buildings, cellular towers, and other
vertical obstructions block or scatter the radar signal,
creating permanent blind sectors in the coverage area.
In some terrain, no single site will provide complete
coverage, requiring network design with multiple units
or mobile supplements. Baron'’s site survey process
identifies these limitations before installation, not after.

Figure 7 - Proper positioning of the radar means that the focus of the signal
is over the observed area.

The Distance Problem

Radar signals rise in altitude as they travel from the antenna. At the correct distance, approximately 30 miles
/ 48 kilometers for most applications, the beam height over the monitored area is optimal for detecting
precipitation at relevant altitudes. Too far, and the beam overshoots low-level weather. Too close, and the
beam angle produces limited coverage with poor utility.

In mountainous or complex terrain where an ideal fixed site cannot be identified, a mobile or transportable
radar configuration is often the most practical solution.

Baron Site Survey Process

Baron performs detailed pre-installation site surveys that determine optimal tower height, antenna tilt, and
siting geometry for each specific deployment. The goal is a radar that delivers clean, accurate data free
of terrain contamination from day one and that continues to perform without remediation for the lifetime
of the system.

Sustainability and
Total Cost of Ownership

A weather radar is a long-term infrastructure investment. Acquisition cost is only one component of
total cost of ownership and often not the dominant one over a 20-year operating life. Baron designs its
radar systems with long-term economics explicitly in mind.

- Klystron and magnetron transmitters designed for 20+ -» Automated performance monitoring provides real-
years of operational life with standard maintenance time system health status and enables proactive

maintenance
- Similar components across X, C, and S-band product lines

reduce spare parts inventory and supply chain complexity > Remote troubleshooting capability reduces the cost and

delay of on-site service visits
- Minimal power consumption, comparable to a household

microwave, reduces operational energy costs > Recyclable transmitter components align with
sustainability commitments

Baron also offers seamless upgrade paths, including dual-polarization retrofits and magnetron to solid-
state conversions, that extend the operational life of existing radar investments rather than requiring
full system replacement.



Parameter

Sensitivity: Clear Air

Sensitivity: Precipitation

Typical Observation

Range

Atmospheric Attenuation
Impact

Attenuation Due to
Precipitation Impact

Attenuation Due to
Radome

Ease of Base Data
Interpretation

Hydrometeor
Classification

QPE Estimation Range

Velocity De-Aliasing

KDP Estimation
(KDP p 1/A)

Why it is important

Allows for the ability to
detect sea breezes, dust
storms, light precipitation

Ability to detect all types
of precipitation

How far the radar can
effectively detect

Pulses can be absorbed
or scattered by the
atmosphere affecting
your ability to accurately
determine returns

Pulses can be absorbed
or scattered by the
precipitation surrounding
the radar especially when
the rain rate is high

Pulses can be absorbed
or scattered by rain that
has accumulated on the
Radome

Necessary for accurately
determining the
hydrometeor type and
rainfall rate estimation

Ability of the radar

to determine what is
causing the scattering in
its field of view

Effective range at which
accurate Rain Rate can be
estimated

Ability of radar to
accurately track storms

Ability of radar to
accurately estimate
rain rate using specific
differential phase

*Mitigation strategies available within the Baron Radar Systems.

S-Band

Least *

Most

460 km

Least

Least *

Least *

Easiest

Easiest

230 km

Easiest

Challenging
during light
rain *

C-Band

More than S-Band *

More than X-Band *

230 km

More than S-Band

Significantly more
than S-Band *

More than S-Band *

Challenging due to
resonance effects *

Challenging due to
resonance effects
and attenuation *

115 km

Easier than X-Band *

Better than S-Band *

X-Band

Most

Least *

60 km

Most

Significantly
more than
C-Band *

Most *

Easy *

Easier than
C-Band but
attenuation
effects need to
be mitigated *

30 km

Challenging *

Most accurate

and can be used

for all rain rates



Making the
Right Decision

No two radar deployments are alike. The right system
depends on your geography, your threat environment,
your data requirements, and your long-term goals.
Working through those variables with an experienced
partner early in the process makes all the difference.

Baron’s team of radar scientists and engineers has
supported more than 350 deployments across every
major climate and terrain type worldwide. We offer expert
consultation, detailed site surveys, and configuration
analysis because we believe the right match benefits

bOth the customer and the miSSion- Figure 8 - Baron delivered this C-band dual-polarization radar to the
U.S. Department of Energy.

Ready to Start
the Conversation?

Contact Baron's radar team to discuss your coverage requirements, environment, and budget.
We'll help you identify the right configuration and perform a site survey before any
commitment is made.

baronweather.com | solutions@baronweather.com | +1(256) 881-8811
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