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I have the honour to bring to the attention of the Conference, at the request of the World Meteorological Organization (WMO), the annexed information paper.

	Doreen Bogdan-Martin
	Secretary-General


World Meteorological Organization (WMO)
SEA SURFACE TEMPERATURE MEASUREMENTS
Introduction
The sea surface temperature (SST) is a vital component of the climate system as it exerts a major influence on the exchange of energy, momentum and gases between the ocean and the atmosphere. SST largely controls the atmospheric response of the ocean at both weather and climate time scales. The SST measurement is the predominant passive measurement to assess the occurrence and trajectory of hurricanes/cyclones/storms, which is particularly relevant to support the “Early Warnings for All” initiative[footnoteRef:1], but also has several other applications, such as the assessment of fishery resources and maritime navigation. Satellites in the Earth exploration-satellite service (EESS) (passive) enable daily global SST measurements, even in the presence of clouds.. [1:  	See: Executive Action Plan 2023-2027 (The UN Global Early Warning Initiative for the Implementation of Climate Adaptation): EARLY WARNINGS FOR ALL: Executive Action Plan 2023... | E-Library (wmo.int) ] 

Frequency bands usage and their corresponding radio regulation status
The main frequency range used and planned to be used in the near future to measure SST is in the frequency band 6/7 GHz. That is because the maximum sensitivity of the brightness temperature to SST occurs around 6.8 GHz. SST measurements can also be performed at other frequencies in the broader frequency range of approximately 4-9 GHz, but with reduced sensitivity.
The Radio Regulations (RR) recognize the usage of the bands 6 425-7 075 MHz and 7 075-7 250 MHz by EESS (passive) in the footnote RR No. 5.458 where it is stated that “Administrations should bear in mind the needs of the Earth exploration-satellite (passive) and space research (passive) services in their future planning of the bands 6 425-7 075 MHz and 7 075-7 250 MHz”, but this recognition of usage does not guarantee rights for international protection. The protection of EESS (passive) remains subject to the goodwill of member states.
During the Working Party 5D discussions in relation to WRC-23 agenda item 1.2, the question was raised to also take into account the EESS (passive) systems operated in the frequency bands listed in RR No. 5.458 but it was decided not to do so.
Currently, there are two satellites in orbit operating in this range, and a third is planned for launch in 2024. Among the current missions, some EESS (passive) sensors (e.g. AMSR-2 mission) operate two channels in this range, which are centred at 6.925 GHz and 7.3 GHz. The AMSR-2 mission has already shown that, compared to each of the channel individually, the use of dual frequency may help to mitigate the radio frequency interference (RFI) and hence to improve the overall measurements under the condition that the RFI remains limited in both bands. It should be noted that in addition to these two bands, the channel at 10.6 GHz is also used. However, this band appears to be ineffective in retrieving SST when the oceans are cold (below 12°C), i.e. for latitude above 40°. Furthermore, measurements in this band are more sensitive to windspeed.
ITU-R studies
Some ITU-R studies have shown that the introduction of high-density deployments of applications in the mobile service in the frequency band 6 425-7 125 MHz, depending upon the application, will interfere with SST measurements in locations several hundred to several thousand kilometres from the coast. 
[bookmark: _Hlk134632638]These studies show that SST measurements by satellite in the frequency band 6 425-7 125 MHz will be significantly degraded in the coming years due to the amount of interference from the foreseen increased usage under the existing mobile allocation.
Frequency bands, which would complement the degraded SST measurements in the 6 425-7 125 MHz band, as defined in RR No. 5.458, have to satisfy the following criteria: 
[bookmark: _Hlk147484789]–	The bands should be within the frequency range where the brightness temperature is sensitive to SST (4 to 9 GHz).
–	The current use of these bands should be compatible with EESS (passive) operations, without additional constraints to the incumbent services.
Ongoing ITU-R studies preselected the two potential frequency bands which satisfy the two above criteria:
–	The band 4.2-4.4 GHz, which is already allocated to radionavigation service (for the use of radio altimeters (emission from sky to ground)) and aeronautical mobile service (for the use of Wireless Avionics Intra Communication (WAIC)). It should be noted that RR No. 5.437 authorises the use of this band for EESS (passive) on a secondary basis. 
–	The band 8.4-8.5 GHz, which is allocated to fixed, mobile and space research services. In that band, the mobile service allocation is not used, the fixed service is moderately deployed and the space research service is only dedicated to links from space to earth and only for deep space missions.
These two ITU-R studies are summarized hereafter:
–	the study on compatibility between EESS (passive) and incumbent services in the frequency band 4.2-4.4 GHz shows that interference over the ocean due to stations in the radionavigation service would be very limited. However, the studies related to compatibility with the aeronautical mobile service have not yet been concluded;
–	the study on compatibility between EESS (passive) and the incumbent fixed service, deployed on land in the band 8.4-8.5 GHz, shows that the RFI over the ocean is limited due to the current moderate deployment of fixed stations in that band and the use of low power and high gain to reach the required equivalent isotropically radiated power (e.i.r.p.) (as it is being done today for reduction of energy consumption). 
Conclusion
Based on the elements developed above, WMO stresses the need to ensure the continuity of SST measurements on a long-term basis as SST is a critical variable for climatological studies and for the assessment of global temperature trends as well as to ensure numerical weather prediction or numerical ocean prediction, in particular to support the “Early Warnings for All” initiative. 
Knowing that the development of scientific satellites takes multiple years, and that the selection of frequencies needs to be made several years before the launch, it is required, that in addition to existing regulations, a possible WRC decision related to the use of EESS (passive) sensors in the 4-9 GHz frequency range be taken as early as possible to ensure SST measurements on a continuous and long-term basis.
As a consequence, WMO requests that the following action be taken at WRC-23:
•	To consider new primary EESS (passive) allocations in the frequency bands 4.2-4.4 GHz and 8.4-8.5 GHz in which SST measurements can also be performed. 
It has to be noted that these possible new primary EESS (passive) allocations will not claim protection from existing services.
An example to implement this action in the Radio Regulations is contained in the annex. 



ANNEX
Proposals
[bookmark: _Toc42842383]ARTICLE 5
[bookmark: _Toc327956583][bookmark: _Toc42842384]Frequency allocations
Section IV – Table of Frequency Allocations
(See No. 2.1)


MOD	SUI/6122A2/1
3 600-4 800 MHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	4 200-4 400	EARTH EXPLORATION-SATELLITE (passive)  ADD 5.XX1  ADD 5.XX2
				AERONAUTICAL MOBILE (R)  5.436
				AERONAUTICAL RADIONAVIGATION  5.438
				5.437  5.439  5.440



MOD
7 250-8 500 MHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	8 400-8 500	EARTH EXPLORATION-SATELLITE (passive)  ADD 5.XX1  ADD 5.XX3
				FIXED
				MOBILE except aeronautical mobile
				SPACE RESEARCH (space-to-Earth)  5.465  5.466



SUP
[bookmark: _Hlk147485918]5.437	Passive sensing in the Earth exploration-satellite and space research services may be authorized in the frequency band 4 200-4 400 MHz on a secondary basis.     (WRC‑15)

ADD
5.XX1	The frequency bands 4.2-4.4 GHz and 8.4-8.5 GHz are allocated to the Earth exploration-satellite (passive) service on a primary basis, see Resolution [WMO-SST] (WRC-23). These frequency allocations to the Earth exploration-satellite (passive) service provide complementary frequency bands for the observations made in the frequency bands referred to in No.5.458.     (WRC23)

ADD
5.XX2	The frequency allocation to the Earth exploration-satellite (passive) service on a primary basis in the frequency band 4.2-4.4 GHz shall not claim protection from the aeronautical mobile and aeronautical radionavigation services.     (WRC‑23)

ADD
5.XX3	The frequency allocation to Earth exploration-satellite (passive) service on a primary basis in the frequency band 8.4-8.5 GHz shall not claim protection from the fixed, mobile except aeronautical mobile, and space research services.     (WRC‑23)

ADD
Draft NEW Resolution [wmo-SST] (WRC-23)
Studies relating to complementary Earth exploration-satellite service (EESS) (passive) allocation for Sea Surface Temperature Measurements  
The World Radiocommunication Conference (Dubai, 2023),
considering
a)	that the frequency bands 6 425-7 075 MHz and 7 075-7 250 MHz have been used for several years by the Earth exploration-satellite service (EESS) (passive) to perform sea surface temperature (SST) measurements;
b)	that SST is a vital component of the climate system as it exerts a major influence on the exchange of energy, momentum and gases between the ocean and the atmosphere, and SST largely controls the atmospheric response of the ocean at both weather and climate time scales;
c)	that SST measurements are important for detecting and forecasting meteorological events that drastically impact safety and security of administrations and their population;
d)	that SST data sets are an essential resource for monitoring and understanding climate variability and climate change;
e)	the United Nations Resolution 77/165 - Protection of global climate for present and future generations of humankind adopted by the General Assembly on 14 December 2022;
f)	that Sea surface temperature (SST) data sets are an essential resource for monitoring El Niño, a phenomenon that has a recurring character and can lead to extensive natural hazards with the potential to seriously affect humankind;
g)	the United Nations Resolution 76/204 - Disaster risk reduction, adopted by the General Assembly on 21 December 2021;
h)	that SST measurement by satellite, in the microwave domain, remains the only method which enables daily and global measurement of SST, independently of the meteorological conditions (i.e. presence of clouds);
i)	that SST measurement capabilities depend on the availability of radio frequencies;
j)	that SST measurement over different frequency channels would improve mitigation of radio frequency interference (RFI); 
k)	that certain frequency bands used by SST measurements have unique physical characteristics, and hence complementary frequency bands need to be carefully studied,
noting
a)	that, under No. 5.458, passive microwave sensor measurements are carried out over the oceans in the frequency band 6 425-7 075 MHz, and passive microwave sensor measurements are carried out in the band 7 075-7 250 MHz;
b)	that No. 5.458 also states that “Administrations should bear in mind the needs of the Earth exploration-satellite (passive) and space research (passive) services in their future planning of the bands 6 425-7 075 MHz and 7 075-7 250 MHz”;
c)	that some ITU-R sharing studies (see Doc WP7C/459 annex 26) are ongoing regarding the impact of radio local area networks (RLAN) usage in the mobile allocation in the band 6 425-7 125 MHz on SST measurements;
d)	that some ITU-R sharing studies (see Doc WP7C/459 annex 26) are ongoing regarding the impact of a potential new identification of IMT in the bands 6 425-7 075 MHz and 7 075-7 125 MHz on SST measurements; 
e)	that some ITU-R sharing studies (see Doc WP7C/459 annex 27) are ongoing between EESS (passive) and incumbent services in the frequency bands 4.2-4.4 GHz and 8.4-8.5 GHz,
recognizing
a)	that the preliminary studies, referred to in noting c) and noting d), establish that large deployments, on land masses, of equipment under the mobile service (i.e. IMT or RLAN) would cause harmful interference to the EESS (passive) above the ocean, especially in coastal areas;
b)	that based on noting a), noting b) and recognizing a), some complementary bands need to be determined in order to ensure the continuity of the SST measurements by EESS (passive);
c)	that due to the sensitivity of the brightness temperature to sea surface temperature, it is possible to perform SST measurements in frequency bands within the frequency range 4 to 9 GHz;
d)	that the preliminary studies, referred to in noting e), in the frequency bands 4.2-4.4 GHz and 8.4-8.5 GHz, conclude that sharing between EESS (passive) and incumbent services is feasible; 
e)	that EESS (passive), in the frequency bands 4.2-4.4 GHz and 8.4-8.5 GHz, will not claim protection from incumbent primary services, 
resolves
1	to upgrade the secondary EESS (passive) allocation in the frequency band 4.2-4.4 GHz to primary;
2	to allocate the frequency band 8.4-8.5 GHz on a primary basis to the EESS (passive), 
resolves to invite the ITU Radiocommunication Sector 
1	to complete, in time for WRC-27, the technical and operational studies related to the upgrade of the secondary EESS (passive) allocation in the frequency band 4.2-4.4 GHz; 
2	to complete, in time for WRC-27, the technical and operational studies related to the new primary EESS (passive) allocation in the frequency band 8.4-8.5 GHz,
instructs the Director of the Radiocommunication Bureau
to include in the Report of the Director to WRC-27 the progress on the ITU-R studies referred to in the resolves to invite the ITU Radiocommunication Sector.
______________
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