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Key Takeaways

The radio spectrum is an essential and irreplaceable tool to study Earth’s environment, predict
weather events, and save lives and property from catastrophic losses.

Spectrum makes Science and Science saves Lives but Spectrum needs Protection Spectrum for Science, Science for Humanity

The demand for spectrum continues to grow — as does the risk of RF interference The World Radiocommunication Conference in 2027 will decide whether radio frequencies currently used for remote sensing shall remain available
| | _ » o to science or become contaminated by radio frequency interference from telecommunication transmitters. RFI is insidious and very difficult to identify Spectrum Management "
WRCs and national regulatory proceedings present both risks and opportunities for the scientist : . . e : . : Itis likelv to look like _ 193 Member States
who depends upon access to RF spectrum for his research The time to be active and reach out to regulators to protect the interests of the scientific community (and the world population at large) is NOW. Ths s NOT what R ok %/his_ is 3 Complex h LT
' tke to a passive sensor: . Measured International
. .. . . . . oy . . . . . . RFI? _SNR-10dB Dat ? 3 /\
[] [] [] FRTIRVIRITE. VTP 8 Re a
Actlv_e part|C|pai1t|or.1f.of interested partlles in spe_c_trqm manage_r_nent activities is essential to ensure Why is remote sensing important? Passive sensing Active Sensmg " and / s ~ N @ B o
* The amount of reflection and backscattering from the target object(s) is a ) E 1 i Slospizated A\ JER
that risks to scientific RF dependencies are minimized and mitigated. U — The amount of reflection and backscattering from the target object(s) s 2 g0 ', multi-| ayered Regional ’ \ g
Participation is needed at domestic, regional and global levels. ' T S ‘ ' Wy used to illuminate the scene. . ® i \ b / R e
* Active sensors (radars) operate from 40 MHz to 200 GHz with bandwidths & -so Jif 3 3 p rO CeSS Skl and Mariime Authoriles.
ranging from 5 KHz to 500 MHz. 1 "D"::;ed 60 = Dod,...
* Lower center frequencies can penetrate denser mediums to reflect and [ | -70 <9
The Rad I O S peCtru m IS a LI m Ited Resou rce backscatter from objects beneath (e.g. foliage or ground penetration), while ‘ 80 ‘ : ‘ % § Natonal cooramation for
10° higher frequencies tend to have shallow penetration depth and are used for 30 20 'F1° 0 MH“’ 20 30 o T ,g;* — WRC preparation
At the low-frequency end (below ~30 MHz) use of the radio spectrum Frequency bands with low thin media (clouds and aerosols). requency (MHz) S E G
for communication and remote sensing is limited by the absorption and 10* L attenuation are the most favorable ] SIS T (e e
reflection of radio waves caused by free electrons in the ionosphere. ones for observations (shown here), 1\ ( Some frequency bands are identified and currently protected but this continued _ o S
210} dotatranemission and . protection can’t be taken for granted. The Radiocommunication Sector of ITU
= . . | :
: : 8 | Eigcommunications. H1 | ;‘{ Radar Sounder: Sensors looking at nadir employing low center Some bands have never been afforded any protection, but are used because Establishes and updates international regulations governing use of the spectrum, through world and regional
102 Allocated to passive sensing | e Y . : there |S nO alternatlve
At the high-frequency end (above ~700 GHz) use of the radio spectrum < — Auocatedtopassivesensmgandpmtectei |“ g e frequencies for ground penetrating [T Some bands are in areas of spectrum, where protection has not been radiocommunication conferences
for communication and remote sensing is limited by the attenuation i AlooHBI T AT serire | CH Y radar (GPR) applications. They N— . . ’ '
; " 2 10' | A A s : ‘Hurricane Milton: 34 dead, 30B USD dame _‘ rap : , measure the radar return from the 16000 17000 18000 19000 20000 considered necessary but is now needed. Applies the international regulations governing use of the spectrum, to ensure the most efficient use of the
caused by gasses and aerosols (O, and H,0) in the atmosphere. g v 30B L magey : - .
Z F fi  Hurricane Beryl: 70 dead, 7BUSD damage | : ‘ e _ _ o Earth's surface and subsurface to | 5 3%~ sue. e lwgt orbit/spectrum resource for operation of radiocommunication services free from harmful interference.
o 100} | ) ! ﬁ l bl . e 3 . 2 2 of Passive sensors are used for a variety of applications, including weather forecast, identify and characterize g R e A Bands being actively used for weather forecasts: . . . .
3 y S o | I . : i - - ot underground features such as SRS T o e el Produces global Standards, Recommendations, Reports and Handbooks for wireless radiocommunication systems.
i i H a | 7~ g ‘” \ If ¥ climate Change monitoring, and crop yleld estimation. 9 ; iotri ; £ green = protected by RR 5.340, blue = EESS in Radio Regulations, Red = No protection
Th_e spectral regions where the attenuation is sma!les’g are the most @ 107 | i Ul . depth and spatial distribution of Souee Fere 2 fRecommendton TV R RS 20421 Informs and assists administrations on radiocommunication matters. —
desirable (and sought) for both long-range communication and remote I v 4 Because they measure very weak signals, shallow aquifers in desertic environments or determine thickness, topography, Frequency GHz [— Application area
sensing of the environment. 102 | T_‘:__:fj;__,,,.,»' - passive sensors are easily affected by Radio-Frequency Interference (RFI) and discharge rates of ice sheets. A new type of these instruments determines 1.4_3427 Y o e - moisture”: fl A ———
SRR R which can ‘pop up’ unannounced at any time. tshfn‘iﬂ:'t‘i’g'irge"}ﬁfé %Oanég?t(gksg)o}’;’ng‘ggf: Sensors looking to one side of the 6.4257.25 g o7 Within the ITU-R, Study Group 7 addresses the needs of scientific services, remote
102 - ‘ » , Example: unin_tended X-band po_IIution in Japan when Japanese broadcasting satellite nadir track, collecting a phase and N - - 10.6-10.68 10.68-10.7 AMSR-2 (JAXA), GMI (NASA), MWRI (CMA) , CIMR (ESA) Heavy Precipitation Sensing and radioastronomy_
N N Frequency (GHz) N N &Ogggb\{a:%%iﬂfﬁidt?:nlg Vganr;)i;ﬁ/%\?gﬁac;; \é?\;tgrs(:);'gst?v—e L-:r?g 1G.4H020f2r1c.23r7m§||-|2z1_ ) time history of the coherent radar 5188 :*E“:;“;S‘i‘;)x’*"e“”' (NASA) AMR (NOA), MWRI (CI1A) , CIMR (ESA), MWI Ocean near surface wind, SG7 develops ITU-R Recommendations, Reports and Handbooks and prepares for

echo from which a high-resolution

. . o . . . . . . ’ ‘ ' The RFl-affected SMOS brightness temperatures in these maps vary between 500 and 5 " - o i oo Cepr 'm0 AMSU-A (NOAA/EUMETSAT), ATV (NOAA), SSMIS (DOD), GMI WRC agenda items, either as responsible or contributing group, related to:
Use of the radio spectrum is specified by an international treaty supervised by a branch of the United Nations, the ITU (International 700K. surface can bg produced. 2o (NASA), AMR (NOAA), MTVZA-GY (Roscosmos), MWRI (CMA), MWs+ Total column water vapour + Dissemination, reception and coordination of standard-frequency and time-signal
Telecommunication Un|0n). . . . ey . . . . (EUMETSAT), AMSR-2 (JAXA) . . .. . . . . . .
. L . , . . . . * Remote sensing is the acquisition of information about an object i S Depending upon the center e ——— services on a worldwide basis, including the application of satellite techniques; time
Goal of the ITU is the harmonization of the use of the radio spectrum between the world’s countries. The RR (Radio Regulations) is or phenomenon without making physical contact with the object. e 9 frequency of the radar they are i : 313318 e Total column cloud liquid signals and frequency standard emissions = Working Party 7A
mprehensiv ment accepted by all member states. It covers the range from 9 KHz to 300 GHz and is the fundamental legal used for geophysical monitoring, X-band +-ban ' iquid water path and cloud detection on . ot ot o : S
aco p ehensive docu e a p y i . g . g . |t can be Classlfled |nto tWO Categorles: pass|ve and/or actlve g|oba| mapp|ng and urban monitoring (Vegetation mapping’ environrlsngntg| 36-37 SSMIS (DOD), GMI (NASA), AMSR-2 (JAXA), MWRI (CMA), CIMR (ESA) l{;[(\:l/” givategeatilendicondtetect * Space radlocommunlcatlon appllcatlons SyStemS fOr transmISSIon/reCeptlon Of telecommand, G R
framework for the deployment of radio-related infrastructures both on Earth and in space. . . ; . : i , , .
o _ . _ _ . o . . - changes, deforestation and disasters, detecting changes in scenes, and 50.2-50.0 52.6-54.25 54.25-593  AMSU.A (NOAN/EUMETSAT, ATV(NOA], SSMIS (DOD], MWIS-2(CNIA), MIVZAGY Tracking and telemetry data for space operation, space research, Earth exploration-satellite, and meteorological
The world is divided into three regions (Americas, Europe and Africa and Middle East and Siberia, Asia and Australia and Pacific © Dassive Remote Sensing: the sonsor gets mgggfrﬁgfuféecisa‘r':’ggslolﬁguﬂ"%?irfstfaf’nea”bﬁgagtr'gc\;tg%Y;'%?%‘;”t and 50.3:59.5 60406115 G365 (Roscosmos), WS EUMETSAT pemeEr e satellite services, including the related use of links in the inter-satellite service > Working Party 7B
‘ Ocean)., In each region the radio spectr_um is divided in bands’ and each band is allocated to a specific service as primary’ or information from radiation emitted or infrastructure changes, useful for sustainable growth planning). _ I —————————— . Systems for passive and active remote sensing applications in the Earth exploration-satellite service
secondary’ user. Primary users have the right to not-be-interfered by any other user; secondary users must accept any interference reflected by the object or environment. ; P galv ook ang , : 86-92 Precipitation : . oo )
' . h . ’ . Ee. photosraphy. radiometers. sondes using the measurement of the == "= =72 ST . e me—s m—" R R S operating on both ground-based and space-based platforms; systems of the MetAids service, including space
that might arise from primary users. & ProTostap, ’ return echo power variation with 100-102 109.5-111.8 114.25-116 Temperature profile, cloud weather sensors as well as space research sensors, including planetary sensors > Working Party 7C
. . . * Active Remote Sensing: the sensor emits U O O O O I O O aspect angle to determine the 11642925 R e SRS P, @2l _ p , gp y g . Yy _
Primary users may demand that any interfering user be shut down. its own energy to the target object, which roughness of land surface o o . e e - « Radio astronomy (RAS) and radar astronomy sensors, both Earth-based and space-based, including space very
. . . . . . . then reflects or backscatters some of this determine the wind direction and , 148.5-151.5 155.5-158.5 164-167 i1y h Gy (Roscosmos), SSMIS (DOD), MWS+I (EUMETSAT) ARREPIEIS, WEE Ve |0ng baseline interferometw (VLB|) > Working Party 7D
The radIO frequenC|eS are a||Ocated by |ntern|a_t|ona| treaty and domeStIC regu|atlonS tO mU|t|p|e energy back to the sensor. Space Weather SW Spsfed on the Earth’s ocean M 17084820 189185 185.0.190.0  ~MSUB(NOAA), MHS (EUMETSAT), ATMS (NOAR), SSMIS (DOD),
app ICatIOnS. o Eg, RADAR, LlDAR SuU aCe ] de o ' MWHS-2 (CMA), GMI (NASA), SAPHIR (CNES-ISRO), TROPICS Water vapour . . . . . .
There are no ‘empty’ ; L : . SW is the collective noun for all Altimeter: Sensors looking @t +- - oottt e e L L e L T o ltems affecting the Remote Sensing Community and studied by WP7C (partial list)
ply Spaces 10r new unique primary users. ; : iy 1S the co . nadir, measuring the precise time between a transmit event and receive event, 200209 226-231.5 TROPICS (NASA), MW (EUMETSAT) ce clou
in?hg s}[lz)sellgg gﬁeﬁgﬁ?ﬁg,ﬁ?ﬁg{rmg to extract the precise altitude of ..—— = » Telecommunications engineers and regulators do not understand the 1.1 Facilitate the use of the frequency bands 47.2-50.2 GHz and 50.4-51.4 GHz (Earth-to-space) by aeronautical and maritime earth stations in motion
UNITED Whv is the RF t : rtant A global, continuous network to monitor the Earth cannot be ggmﬁ%g 2*,{‘*.?5%2%’,‘,‘3’;,, space Itgﬁdﬁa;tﬁglSalfrgaucseegsfo?r’oI?;Z’an o operetljtiont?] anctl tsensiti¥ity of dEESS passive sensors and constantly 1.3 Enable gateway stations transmitting to non-geostationary-satellite orbit systems in the fixed-satellite service (Earth-to-space) to use the 51.4-52.4
IS the spectrum importan / ) . | . . vitles on | : - - question the protection criteria use GHz band
t yth E rth tp d i i p tf Implemented using local, plnpomted sensors, but instead ... g(%}swr}r:]adlnal?-/]énftl]%ei%ct:gsp%y[qur zlégf:ﬁ%;?]pa(?;‘caspgﬁéoe;tgg)sl . Protect_ion criteria for these passive services are often labeled as “overly 1.8 Spectrum allocations to the radiolocation service on a primary basis in the frequency range 231.5-275 GHz and possible new identifications for
STATES O e ca -Slu ylng sclienuric must re|y on a system of remote Sensing devices gz)?gp\?vtiir?dﬁgllgs(r%'\g:) carried by the on climatology and meteorology, - P protective” (they are not ! ) ;igitzlrc:](;ation service applications in the frequency bands within the frequency range 275-700 GHz for millimetric and sub-millimetric wave imaging
it\/? . ! . : and in ocean models to calculate = : : —_..... * The accelerated growth in mobile broadband use since the turn of the
FREQUENCY Communlty ! interconnected in real (or almost-real) time. SW Ca?”gt be m?asuéed in ?itlu; it velocity of ocean currents and heat capacity, to help reveal climate variations. century has fuelec? a seemingly insatiable desire for the occupation of more 1.12 Allocations to the mobile-satellite service in the bands 1 427-1 432 MHz (space-to-Earth), 1 645.5-1 646.5 MHz (space-to-Earth) t(’|=Tarth-to|I-space),
. can only be monitored remote ipitati : i i i i 1 880-1 920 MH -to-Earth) (Earth-to- d 2 010-2 025 MH -to-Earth) (Earth-to- f -geostati ile-satellit
ALLOCATIONS In order to study the Earth (its weather, water and carbon These sensors depend on RF technology to measure the ¥ia p?rr]tﬁrbationg irtwhthtlazrarg[jg,o . rir:acslﬂ:tea’:éznr;ia;ﬁ;&iefrszxs scanning perpendicular to nadir track which spectrum 18801 z (space-to-Earth) (Earth-to-space) an z (space-to-Earth) (Earth-to-space) for non-geostationary mobile-satellite
THE RADIO SPECTRUM ?grc’:\?v?)’ \?i?:I ?Llrr::?ifr)]’s,smentlsw depend upon the radio spectrum environment and share information. ig%rgspﬁe‘?g_n orinfneEari's rainfall in order to determine ‘ _Communlcatlons (el_ther mobile broadband or satellite-to-user) are expanding 1.13 and 1.14 Possible additional allocations of spectrum to the mobile-satellite service.
' A variety of physical phenomena the rainfall rate over the_ Earth_ S mtp areas Of_the r,adlo spectrum that were preV|oust used predommantly by the 1.15 Allocations to space research service (space-to-space) for development of communications on the lunar surface and between lunar orbit and the
’[0. observ_e the Earth (e.g., with satellites, weather radars, and Sounders (and to some extent imagerS) are limited to well- are assoOciated with §W and thex :ﬁgﬁfﬁ:g? ::iﬁf:“ee'dlmensmnal sclence services (|.e., ~20-100 GHZ) lunar surface.
wind profilers), and defined frequency bands. where the response is optimal ﬁ‘%‘_”t many aspects of everyday’s . * Even the millimeter-wave spectrum (~> 100 GHz) is seeing growing demands, 1.16 Protection of radio astronomy operating in specific Radio Quiet Zones and, in frequency bands allocated to the radio astronomy service on a
(1) to transmit data about the Earth system to meteorologists 9 y ’ p P . . . _ Cloud Profile Radar: Sensors which include the request to operate in bands subject to RR 5.340 where no primary basis globally, from aggregate radio-frequency interference caused by non-geostationary satellite orbit systems.
I —— hydrologists, emergency managers, and other scientists PY?TYV?ter Over land awzsggggrs%ﬁgﬁgartﬁo?ﬁgﬁ)k%owfgdeolféh(%or?gf?lSf%ﬁﬁ{gggom a fraction of a looking at nadir which measure the radar echo return from clouds in order to emissions are allowed 1.17 Allocations to the meteorological aids service (space weather) to accommodate receive-only space weather sensor applications in the RR.
o [ T . i _ determine the  The radio spectrum is considered a revenue-generating commodity by 1.18 Protection of the Earth exploration-satellite service (passive) and the radio astronomy service in certain frequency bands above 76 GHz from
gﬁeéggg HEJEH o) i, m . . ow forecasting can help cloud reflectivity profile over the overnmental regulatory agencies and it is being auctioned to unwanted emissions of active services
— Why should a scientist be -B‘;:“n:;*;""::z‘:rf Sy T e Earths surface and from et s elecommunication companies for their exclusive use 2 1.19 New primary allocations to exploration-satellte sevice (passive) in the frequency bands 4 2004 400 Mz and 8 400-8 500 Mriz
. :2 infrastructure more resilient, systems and ir monitoring of i systems. " e 7
concerned about radlcs?spectrum -~ e P e e — .
management? m B How to get involved
” Frequency (GHz) radio Advance notice of heightened solar activity can help flag the risk of blackouts. . .
» Access to the radio spectrum is critical to the operation . . ST . .
Acronyms of all remote sensing networks. e . . ] [ nghtnmg »Record and report any instance of RFI; what is not known cannot be regulated. https://www.fcc.gov/reports- If you’re not at the table,
CITEL - Comision Interamericana de Telecomunicaciones . The radio-frequency spectrum is a physically limited The frequencies of interest are :eterrglned by physics and cannot be Attt e 0o Sl 11 f sl of oo Shortrange detection systom (60:66 MHa) ;agearch/qutldez mterf?_r]'cenhce—clgrplpl?c;ntst e . S - e | you ’re ont he menu!
CPM—COnference Preparatory Meeting 1 H 1 H C ange . isruption to critical lariners can benefit from space weather forecasts to advise of potential B < & s SR g 7 e o i 20000722 i OCumen an uan I OW a eC S Our a a an Our Wor . u IS In Our re erre SCIen I IC Ourna - e
o _arth Exploration Satellite Syster and increasingly sontested resource, with emeraing At any given frequency, the intensity of the natural signal depends upon N i A ot b N TR | Ecnaut e VA B e O el v Tt 0] o e e il - -
FARC— Frequency Allocation in Remote Sensing teChnO|OgIeS COnt'nua”y I'aISIng demand . ’ . . . . Space weather forecasts help road users understand when Sat Navs may be % o g ; \ M : ;“'“. eaC ou 0 . e peC rum anagemen IceJ I eve Ops -po ICIeS an &rOVI ,es p annlng’ C.Oor Ina Ion [anonymous' fIrSt dOCUmented circa 1990]
FCC - Federal Communication Commission Revicion of Radio Requlations t t the geophysical characteristics of the surface and of the atmosphere. I oo S and representation to secure and protect necessary radio spectrum in support of NASA's programmatic ?oals
PO It T e ation Unom mittee e g a o O mesnew These characteristics are dictated by physical laws, and are therefore I e e ke s%é)ortln? all NASA program areas. It provides spéctrum analysis expertise and support across the whole
[TU - International Telecommunication Union rEequ.rgme_ns is a long process. | k immutable. Every portion of the RF spectrum is unique. Measurements at NASA. htips://www1 .grc.na_sa.qov/sp_ace/scan/spectrum/ - _ -
Administration . * Expertise in radiocommunications regulatory wor different frequencies provide complementary information about different Meteoroloagical Radars »Reach out to NOAA's Office of Radio Frequency Management Division; its mandate is to ensure the availability
R R e wartaronag o develops slowly. geophysical parameters. g P | et and usability of Radio Frequency spectrum to radio users in the Department of Commerce (DOC) by coordinating
V ad | l RR - Radio Regulations Meteorological Radars are specific and essential since they allow for in-situ and real 1 X, | e the NOAA satellite systems with’"domestic and foreign space networks to prevent and resolve any interference
SG - Study Group Ack led ts: time detection, quantification and monitoring of rain and wind conditions. L o involving DOC and other systems. It negotiates with other government agencies, the private secfor, and foreign
ﬂuu P eater  d Ocean Salinity satellite Cknowleagements. These information are input to Numerical Weather Prediction models for nowcasting, o it of gobel lhing detcton dote e byt | 1 SHEE ) R and international entities on behalf of Commerce and/or the U.S.A. to ensure the future availability of spectrum
WAC - Washington Administrative Code Thi k d f the efforts of E. Allaix. B. Backus. P. DeMatthaeis. S short-term and medium-range forecasting. _ GLD3G0 ystem for long range ighting dtection network i . teNew and the absence of interference. https://www.noaa.gov/information-technology/ocio-programs/radio-frequency-
: . IS WOr raws mrom tne erorts O . aiXx . badCKUus, . pelviattnhaels . . . . i . perimp 9
Washington, D.C. | 9-13 December 2024 WP —Working Party . . ; Y. Sol A S A ' The forecasts are important in aiding aeronautical and maritime navigation, and precipitation. LA manaaement
WTRSC—va?lgﬂ;?gllgccc:)%}fﬁuri?cc;ion Development EﬂglISh, E. Klm,. K. McBeath_, P. Mohammed, . O dO, . tepanov, ) esser.ltlal in momtormg .Che.mlcal or NL.chear-dlsasters. Courtosy K. Mebeath, 2024 A R T st > Join the |EEE_FARS; itis a Technical Committee whose goa| is to mterface- betweer] |EEE_GRSS and the r:ad|o_
WHAT’S NEXT FOR Conference Tkacenko, P. Tristant, T. Wojtaszek, and of the entire staff of the NASA and And finally they are critical in hydrological rain and alert processes. o ’ L syt frequency regulatory world. It provides spectrum managers and regulators with technical input and perspective
SCIENCB WTSA - World Telecommunication Standardization NOAA spectrum offices Hetecrological radar networks represent the last line of defence against loss of fite In e onen from remote Sensing scientists and engineers while advocating for protection of the scientific-sensitive frequency
Assembly ' ash floods or severe storms events. bands. https://www.grss-ieee.org/technical-committees/frequency-allocations-in-remote-sensing/



https://www.fcc.gov/reports-research/guides/interference-complaints
https://www.fcc.gov/reports-research/guides/interference-complaints
https://www1.grc.nasa.gov/space/scan/spectrum/
https://www.noaa.gov/information-technology/ocio-programs/radio-frequency-management
https://www.noaa.gov/information-technology/ocio-programs/radio-frequency-management
https://www.grss-ieee.org/technical-committees/frequency-allocations-in-remote-sensing/

