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[bookmark: _Hlk160196278]Abstract: In response to recommendations from the 2022 NPFC Performance Review related to Vessel Monitoring Systems (VMS) data, the Scientific Committee (SC) acknowledged the potential usefulness of the VMS for science and tasked the Secretariat to conduct a scope study on the possible use of VMS data for scientific analyses. The intention of this paper is to provide a summary of the VMS data from NPFC Members and outline potential ways of using this data by SC.

Introduction
VMS data are primarily used to enforce management measures, such as time-area closures, and to manage and analyze fishing activity. The NPFC Vessel Monitoring System has been in operation since 2022. This system mandates that every vessel operating within the NPFC Convention Area (CA) reports its designated name, flag, and location at hourly intervals, with a spatial resolution of 0.001°. Additionally, some NPFC Members provide further data on vessel heading and speed (see the table below), enhancing the system's capability not only to monitor individual vessel movements but also to potentially identify areas with high fishing activity. 

In addition to their primary purpose, VMS data have potential application to fisheries science. In particular, the 2022 NPFC Performance Review recommended that “to increase the usefulness of the ''footprint'' data submitted by Members, measures of effort should be reconciled with vessel monitoring system (VMS) data, where possible.” (Recommendation 3.1.7).  SC08 acknowledged the potential usefulness of the VMS for science and tasked the Secretariat to conduct a scope study on the possible use of VMS data for scientific analyses. The intention of this paper is to provide a summary of the VMS data from NPFC Members and outline potential ways of using these data by SC.

Summary of the NPFC VMS data
The table below summarizes the data provided by NPFC Members in accordance with CMM 2023-12 On the Vessel Monitoring System (VMS).


	Item
	Description

	Period (years)
	From January 2022 to the present

	Temporal resolution
	1-hour interval for each vessel

	Spatial resolution
	0.001°

	Mandatory data submitted
	Latitude, longitude

	Optional data submitted
	Vessel heading, speed (provided by China, Korea, Russia, Chinese Taipei, and Vanuatu)



VMS data sharing for scientific purposes
In accordance with the NPFC Data-Sharing and Data-Security Protocol for Vessel Monitoring System (VMS) Data, all VMS data collection, access, storage, use, and dissemination shall only be undertaken for the purposes of (a) monitoring, control, and surveillance in the Convention Area, (b) supporting search and rescue operations, and (c) fulfilling the functions of the Commission, as established in Article 7(1) and (2) of the Convention, including scientific purposes, and subject to any additional relevant regulations, protocols, CMMs or policies approved by the Commission.

Potential use of VMS data for scientific purposes
The potential application of VMS data extends significantly into the scientific domain, including the following:

Estimating distribution of fishing effort
VMS data can be utilized to describe the spatial distribution of fishing effort and better understand spatial extent and dynamics of fishing grounds.

Examining tradeoffs
VMS data can provide insight into tradeoffs across conservation and management objectives. In particular, interactions between fishing and vulnerable marine ecosystems (VMEs) can be analyzed using VMS data. These data could also be used in a spatial-optimization exercise to reduce impacts to areas that are likely VMEs while limiting impacts to fisheries.

Modelling fishing effort for use in stock assessment and fisheries management activities
VMS data may support modelling activities including management strategy evaluation (MSE).

Estimating abundance indices or undertaking stock assessments
When coupled with catch data, VMS data may be useful for estimating abundance indices and thereby contribute to stock assessments.

Evaluating the impact of management changes
VMS data can be used to assess changes in fishing behavior before and after the implementation of a change in management.

Planning for and implementing scientific programs
VMS data may be helpful for planning and implementation of various research programs including tagging activities.

Validating logbook data
VMS data can be used for validating logbook data.

Enhancing VMS reporting for comprehensive analysis
Currently, VMS data collection focuses on the positional information of vessels, omitting the nature of their activities. The most common approach to deal with this issue is to use vessel-speed criteria to infer whether a VMS record corresponds to fishing activity. However, a significant number of false-positive results may occur when applying this approach. Incorporating a classification system that categorizes vessel activities into distinct types – such as fishing, steaming or inactive – would greatly enhance the understanding of maritime operations. This increased granularity of data would facilitate in-depth analysis of vessel behavior patterns, providing insights into the movements of pelagic species and their habitats. 

The explanatory power of VMS data can be increased by integrating the catch data from logbooks, including identification of target species. Some of the applications of integrated VMS and catch data include the use of maps of CPUE to estimate fish density, quantifying misreporting, and population depletion estimates.

In addition, the practice of using sea surface water for engine cooling inadvertently generates valuable data on sea surface temperature (SST) and salinity (SSS), metrics that are essential for assessing ocean conditions without requiring additional operational effort from vessels. Given the profound influence of ocean environmental variability, particularly surface conditions, on pelagic fisheries, the integration of SST and SSS measurements into VMS reports would provide a multifaceted view of the marine environment. This integration would be instrumental in understanding the variability of pelagic fisheries, aiding in stock assessments, and predicting future stock abundances in relation to ocean environmental changes.

Furthermore, the observed SST and SSS data could be made available to the Global Ocean Observing System, thereby contributing to the broader scientific community's efforts to provide more accurate analyses of the marine environment in the future. This strategic extension of VMS reporting promises not only to significantly enhance scientific research and sustainable fisheries management by linking marine biology with environmental conditions but also to enrich global data sets critical to understanding marine ecosystems as a whole.
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