Wavelength

Ceilometers

Campbell CS135

Lufft CHM 15k NIMBUS
PSI Compact Ceilometer

MiniMPL-532-C (Micro Pulse)

Vaisala CL51 Ceilometer

Vaisala CL31 Ceilometer

905 nm

1064 nm
1550 nm
532 nm

910 nm

910 nm

Balloon Soundings

Windsond

Vaisala RS41 Radiosonde
InterMet iMet-1 Radiosonde
Graw DFM-09 & DFM-17

Doppler Sodar

Mini-Doppler Sodar-RASS
DSDPA.90-24

Metek PCS2000
Metek RASS 915 or 1290 MHz
Remtek PA-XS and PA-0
Scintec SFAS & MFAS

Radar Wind Profiler

915 or 1290 MHz Radar Wind Profiler

(Scintec LAP3000)

449 MHz Radar Wind Profiler
(Scintec LAP8000)

Radiometrics RAPTOR

0.33m

0.67 m
033 m

Lidar Wind Profiler & other Lidars

Lockheed Martin WindTracer
HALO Photonics XR Streamline

Leosphere WindCube 100S/200S/400S
Leosphere WindCube v2 profiling lidar

7ZX300 profiling lidar
NRG SpiDAR lidar

1,617/2,023 nm
1,500 nm
1540 nm
1540 nm
1560 nm



Metek Wind Scout and Wind Ranger
NOAA coherent High-Resolution

R 2,022 nm
Rayméfr\iggﬁlarlﬁ;}? Lidar 355 nm
Purple Pulse Raman Lidar 355 nm
Vaisala DIAL 910 nm
Passive Infrared and Microwave
Radiometrics MP-1500A / 2500A / 3000A ~lcm

AERI

3-25um




Pulse Freq Power Vertical Range
10,000 Hz 470 W (max) 10 km
250 W (standard)
3,000 - 7,000 Hz 800 W (max, with heating) 15 km
- 20 W (typical) 7 km
2,500 Hz 100 W (typical) 15 km
6,5000 Hz 310 W (typical) 15 km
10,000 Hz 310 W (typical) 7.5 km
- 100 mW (max) 8 km
- 60 mW (min) ~30 - 40 km
SODAR: 1,598 Hz
RASS: 2,897 Hz 100 - 250 W 400 - 600 m
1,500 - 2,300 Hz 60-170 W 15-300 m
140 W 40-1000 m
300m / 600m
20- 100 W 400 m / 800 m
- 100 W (average) - 600 W (max) 2-5km
- 2,000 W (max) 8 - 10 km
800 W - 2 kW (peak) 1 -20 km
500 - 700 Hz 10,000 W 300 m - 15 km
15,000 Hz 130 W, up to 490 W with cooling up to 12 km
10,000 Hz 500 W to 1600 W up to 14 km
- 45 W 40 to 200 m
- 70 W, up to 150W with cooling 10 to 300 m
35-100W 10 - 200 m



36 W 10 - 100 m
200 Hz - 20 m -9 km
20 Hz 800 - 2500 W 11-14 km
200 Hz 20 W 3-5 km
up to 3 km
200 W ~5km
3000 W ~3 km




Temporal Res. Vertical Res. Weight
2-600s S5m 33 kg
2 - 600 sec S5m 70 kg
30s 30 m 10 kg
1-900s Sm 13 kg
6-120s 10 m 46 kg
2-120s 10 m 31 kg
depends on
I's ascent speed Beg
depends on
ls 109
agepahapens! 8
agepBhapens!
aseent-speed
10-20s 5-50m
600 - 1800 s >5m 50 kg (without enclosure)
100 kg (including antenna)
7kg/20kg
1-60m 5-20m 12 kg /32 kg
Vert: 1 - 2 min Low: 60 & 100 m i
Hor: 15 - 30 min High: 250 & 500 m
30 s-5min 150 - 500 m -
5 - 30 minutes 60 - 500 m
ls 45-80 m 1,630 - 2,250 kg
1.67s 18-120 m 85 kg
0.1 to 10s 25-200 m 232 kg
Is 10-20 m 45 kg
Is 0.07 to 7.7m S55kg



Is 40 kg
0.02 s 30 m -
1-10s 7.5m 250 kg
1-10s 7.5m 900 kg

100 - 500 m 130 kg
5 minutes ~1km in ABL 27 kg
8 minutes ~200 - 500 m in ABL 200 kg




Basic Information

High signal-to-noise ratio, high detector sensitivity, and single-lense design helps ceilometer detect 4 cloud I
performance during precipitation events.

Rugged ceilometer with heating and cooling system, able to withstand extreme conditions and remain reliable
cloud penetration depths, and aerosol and boundary la)

Compact ceilometer requiring minimal power, operable across a wide temperature range, with the ability to

Compact (mini) but delicate instrument requiring extreme care, designed to operate in controlled environments
measurements for better aerosol determination.

Designed to measure high-range cirrus clouds (up to 13 km and 3 cloud layers) without surpassing low and midd!
diagnostics with little to no maintenance required.

Previous generation to the CL51 and not as capable but still used as a standard at NWS A

Small, recoverable, and reusable sondes reporting real-time wind, temperatu

KIT2 Ground Station: Includes hard case GC1, radio receiver RR2, Software license WS-250, 4 radiosondes S11]
battery charger. Sondes come with balloons BA9 and batter

Replacement for venable RS92 sonde. Radionsonde works to streamline launch preparations, reducc

Used at universities and various labs. At least two flavors of ground station dep

Used at universities and various labs. At least three flavors of ground station deg

Used for continuous measurements of the vertical profiles of wind and (virtual) temperature between the su
Ranging)/RASS (Radio Acoustic Sounding System) system transmits acoustic pulses upward, capable of providi
resulting from reflected pulses.

Add on to DSDPA.90-24 or PCS2000 to profile virtual ten
Compact sodar, comes in various formats, can add R/
Sodar in various formats, can add RASS

Fixed ultra high frequency radars designed to measures wind and precipitation profiles (and virtual temp throug
build and operate than a 404 MHz (NPN) profiler, but lack height coverage :

All-weather moduler wind profiler can observe winds and turbulence profiles in the lower atmosphere even unc
The so-called 1/4 scale profiler combines the best sampling attribute

Various models ranging from boundary layer to full troposphe

Measurement techmque 15 based-om Dopptereffect, wiict
tracloing £k 1DNNE QRISHIS © dhpier eSOIN ROt SHATRSIET HEHRR ¢
) ) ) light wei%ht and portable operation.
Compact scanning lidars with ranges 3 / 6 / 10 km for the 3 models 100S /200
Profiling lidar for observing wind components
abqe Hignganiany fovidHgepPRib GNP iasnpshn thaseviageel:

within open canopies, and in the surface layer or SE



Very compact, Scout only measures at ong level

Capable o{ynea RS AR IARRING A PSRBEE veloc
and bagkesesteomtitubis EkepracisHOIM AHaRlng

prefiteavetorceawdiet s shibes
an‘%&ﬁ@&?%ﬁ%)ﬂf%fﬁ?ﬁl %tgf Siilepce

resolution (~10 S). Enables detection of
Allows continuous observations of humidity profile

BL, lower abovej, but also compact, l‘ow’pov‘ver and low ma
Atmospheric Emitted Radiance Interferometer, passive infrared device. Cannot penetrate cloug




Ceilometers Price Wavelength
Campbell CS135 $26,000 USD 905 nm
Lufft CHM 15k NIMBUS $28,000 USD 1064 nm
PSI Compact Ceilometer $70,000 USD 1550 nm
MiniMPL-532-C (Micro Pulse) $120,000 USD 532 nm
Vaisala CL51 Ceilometer $38,000 USD 910 nm
Vaisala CL31 Ceilometer $32,000 USD 910 nm
ICOS Leosphere ALS 300 -- 355 nm
Balloon Soundings Price Power

Windsond $5,000 USD 100 mW (max)

Vaisala RS41 Radiosonde $120 each (?) 60 mW (min)

NWS Radio/Rawinson isal
LMs-ozv 885 Vi(iisgl/a ﬁ&ﬁwg% $325 each () 60 X%\?%riin)

Doppler Sodar

Pulse Frequency (Length)

IVITITIT-DJOPPICT SOUAI-RASS
NCSNDA QN 24

SUDARY 1598 ITZ({1UU TIIS)
DRACC. 2007 I~ (100 mo)

Radar Wind Profiler Wavelength Frequency
ITI15 1V11‘1L' Kaddr VWIIIAd FTOITICT 033 meters Raddr. 15 IVIillZ
MN\Taicala T AD2NNNM P AQC. "NNN H~
449 MHz Radar Wind Profiler 0.67 meters 449 MHz
Lidar Wind Profiler Wavelength Pulse repetition frequency
WindTracer
(Lockheed Martin Coherent Technologies) 1,617/2,023 nm 500 - 700 Hz
HALO Photonics Streamline
wind lidar 1,500 nm 15,000 Hz
eosphere WindCube 400s 1540 nm
e WindCube v2 profiling lidar 1540 nm
ZephIR300 profiling lidar 1560 nm 50 Hz
NOAA coherent High-Resolution
Doppler lidar 2,022 nm 200 Hz

Additional Information (Online Presentations and Papers)

Sonoma Technology Instruments
KIT Doppler-Wind-LIDAR Setup
NASA Vaisala LP3000 Profiler

Upper Air Meteorology:



https://www.epa.gov/sites/production/files/2016-09/documents/upper_air_met_considerations.pdf
https://www.imk-tro.kit.edu/english/7862.php
https://ghrc.nsstc.nasa.gov/pub/fieldCampaigns/gpmValidation/gcpex/wind_profiler_EC/doc/lap-3000_presentation.pdf

Pulse Freq (Length) Power Vertical Range Temporal Res.
10 kHz (100 ns) 470 W (max) 10 km 2 - 600 sec
5 -7 kHz (1 ns) 450 W (max) 15 km 2 - 600 sec
-- 20 W (typical) 7 km 30 sec
2.5 kHz (15 ns) 100 W (typical) 15 km 1 -900 sec
6.5 kHz (100 ns) 310 W (typical) 15 km 6 - 120 sec
10 kHz (100 ns) 310 W (typical) 7.7 km 2-120 sec
20 Hz (5 ns) 750 W (max) 15 km 10 - 30 sec
Vertical Range Temporal Res. Weight
8 km 1 second 13 grams KIT2 Ground Static
~30 - 40 km 1 second 109 grams Radions
Since the late 1930s
~30 - 40 km 1 second 250 - 500 grams anc
Vertical Range Temporal Res. Vertical Res.
400 - 600 meters 10 - 20 seconds 5 - 20 meters Sodar (Sonic Detec
Power Vertical Range Temporal Res. Vertical Res.
VCIT 1T - Z IIIII LOWIO0U &X TUU IITI
400 - 600 W (max) 2-5km Har 18 - 20 min Wich- 780 2 NN m
2000 W (max) 8 -10 km 30 sec - 5 min ~100 m
Power Vertical Range Temporal Res. Vertical Res.
10,000 W up to 15 km - 45 -56 m
W, up to 490W with coc  upto 12 km 1.67 s 30m
up to 1600 W up to 10 km 0.1to 10s 75 m
45 W 40 to 200 m ls 20 m
V, up to 150W with coc 10 to 300 m every 15 s aries from 0.07 to 7.71
typically 3 km
- max. 9 km 0.02 s 30 m

Radar Wind Profiler Systems

High Spectral Resolution LiDAR

Article Listing Profiler Locations



http://weather.ou.edu/~soundoff/Final%20Capstone%20Paper.pdf
https://www.arm.gov/publications/tech_reports/handbooks/rwp_handbook.pdf
https://www.arm.gov/publications/tech_reports/handbooks/hsrl_handbook.pdf
https://www.mdpi.com/2073-4433/10/9/533

Vertical Res.

Height (Weight) MLH/PBL

5 meters
5 meters
30 meters
5 meters
10 meters
10 meters
15 meters

1'm (33 kg) {al:/jfj;;zlm\
0.5m(70kg)  PBL (MXL)
0.25 m (10 kg) MLH
PBL
1.5 m (46 kg) ,a{:a{‘;gm
1.2 m (31 kg) et
1.2 m (36 kg) PBL

Basic Informati

n: Includes hard case GC1, radio receiver RR2, Softw
onde works to streamline launch preparations, reduces

,, the NWS has taken upper air observations with radio
17 km. Rawinsondes measure the typical radiosonde n

Cost of National Weather Service Radiosond

Basic Informati

tion and Ranging)/RASS (Radio Acoustic Sounding S

Wind Res.

OpcCd. ~1 /S
n“i" ~ < f]ﬂl‘\'(‘

temp through RASS) through the bot
All-weather moduler wind protil

atmosphere even under clear skies w

1/4 scale nrafiler comhin

Wind Res.

Measurement techni
<1lm/s tracking of moving objects (
Compact 12km sampling I
<0.1 m/s light

<0.1 m/s ing lidar to 10km. Portable operation
0.1 m/s ove the canopy, within open canopies
0.1 m/s ove the canopy, within open canopies
Capable of measuring an:
0.05 m/s with the high precision anc



http://weather.ou.edu/~soundoff/Final%20Capstone%20Paper.pdf

Basic Information
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penetration depths, and aerosol and boundary layers.

mounted on flux towers for concurrent measurements.
care, aesigneda 1o operare In controlied environments. Hign
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diagnostics with little to no maintenance required.
and lightweight design trusted by the NWS.
algorithm, this LiDAR system detects and classifies

on

are license WS-250, 4 radiosondes STH3-R (extra accuracy
human errors, while lowering operational costs.

sondes, with the primary concern being between the surface
aeasurements (Pa, Ta, and RH) plus winds.

€ (likely increased since 2012)
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http://weather.ou.edu/~soundoff/Final%20Capstone%20Paper.pdf
https://s.campbellsci.com/documents/ca/manuals/cs135_man.pdf
https://s.campbellsci.com/documents/eu/manuals/skyvuepro.pdf
https://www.lufft.com/fileadmin/lufft.com/07_downloads/1_manuals/Manual_CHM15k_EN_R15.pdf
https://www.lufft.com/products/cloud-height-snow-depth-sensors-288/ceilometer-chm-15k-nimbus-2300/
https://cpb-ap-se2.wpmucdn.com/blogs.unimelb.edu.au/dist/4/273/files/2017/09/MiniMPL-532-C-Operations-Manual-August-2016-1bbqel9.pdf
https://www.micropulselidar.com/
http://www.raimet.ru/imgs/db/catalog2_files/file_106.pdf
https://www.ofcm.gov/meetings/atd/gmu2017/3_Delgado_web.pdf
http://cedadocs.ceda.ac.uk/1240/1/CL31_User%27s_Guide_M210482EN-F.pdf
https://www.vaisala.com/en/products/instruments-sensors-and-other-measurement-devices/weather-stations-and-sensors
http://www.lisa.u-pec.fr/~formenti/Tools/Manuals/LIDAR/ALS300-450%20product%20information.pdf
http://www.meteo-tech.co.il/ImagesDownloadFiles/Brochure.pdf
http://windsond.com/
http://sparvembedded.com/Windsond_flyer_v5.pdf
https://www.vaisala.com/sites/default/files/documents/Vaisala%20Radiosonde%20RS41-SGM%20User%27s%20Guide%20M211752EN-B.pdf
https://www.vaisala.com/en/products/instruments-sensors-and-other-measurement-devices/soundings-products/rs41
https://www.weather.gov/upperair/factsheet
https://www.lockheedmartin.com/en-us/products/meteorological-instrumentation.html
d
https://www.eol.ucar.edu/instruments/sodar-rass
https://www.arm.gov/publications/tech_reports/handbooks/rwp_handbook.pdf
https://www.eol.ucar.edu/instruments/radar-wind-profiler
https://www.esrl.noaa.gov/psd/data/obs/instruments/WindProfilerDescription.html
https://www.eol.ucar.edu/node/156
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https://www.campbellsci.com/skyvuepro
https://www.vaisala.com/sites/default/files/documents/RS41-SGP-Datasheet-B211444EN.pdf
https://journals.ametsoc.org/doi/pdf/10.1175/2009JTECHA1326.1
https://www.atmos-meas-tech.net/11/2459/2018/amt-11-2459-2018.pdf
https://www.epa.gov/sites/production/files/2016-09/documents/results_and_findings_from_discover-aq_denver_2014.pdf
https://www.arm.gov/publications/tech_reports/handbooks/vceil_handbook.pdf
https://tigerz.gsfc.nasa.gov/Documents/ezlidar.pdf
https://www.atmos-meas-tech.net/12/1311/2019/amt-12-1311-2019.pdf
https://www.vaisala.com/sites/default/files/documents/Vaisala%20Radiosonde%20RS92%20Users%20Guide_M210295EN-J.pdf
http://www.scintec.com/english/CustomUpload/374O357O340O370O356O369O350O340O365O360O373O356O369O370O372O364O/LAP3000_v2020-03_3.pdf
https://psl.noaa.gov/news/2007/pdf/IOOS_Final%20Report_Nov_15_2007.pdf
http://www.scintec.com/english/CustomUpload/374O357O340O370O356O369O350O340O365O360O373O356O369O370O372O364O/LAP8000_2.pdf
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