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__________________________________________________________________

Until we can generate reliable global heat, momentum, and moisture air-sea flux fields from observations and ensure that coupled ocean-atmosphere models reproduce the observed fields with sufficient accuracy, we will remain unable to engage the predictive potential of the ocean in climate forecasting. This Commmunity White Paper (CWP) will focus on the requirements for measurements of surface fluxes and the flux-related variables.

The surface flux observing system integrates information from various components of the Global Climate Observing System (GCOS) and Global Ocean Observing System (GOOS), including the OceanSITES, Voluntary Observing Ships (VOS) and the VOS Climate Program (VOSClim), the Shipboard Automated Oceanographic and Meteorological System (SAMOS) Initiative, operational and research buoy networks, and satellite observations of SST, SSS, winds, clouds, radiative fluxes, wave parameters from scatterometers and altimeters as well as precipitation. We will critically review each component of the surface flux observing system, analyze corresponding biases and uncertainties in operational flux products for different space-time scales, and outline future prospects. For example, while monthly and zonally averaged stresses are similar in operational and science-quality products, their regional distributions differ strongly. Large scale heat and moisture fluxes and related parameters generated by the numerical weather prediction models and those derived from observations products differ significantly. Uncertainties in mean flux fields and in typical patterns of their variability may have different origin. Unless accurately quantified and explained, these biases and uncertainties will affect quality of the upper ocean modeling on seasonal time scales and the deeper ocean on longer time scales and compromise understanding of the ocean’s role in climate variability.
A high quality and high resolution subset of the future flux observing network will include a small number (~10) of Ocean Reference Stations and shipboard observations in each ocean basin. The CWP will consider requirements for high quality reference observations to improve parameterizations of both turbulent and radiative surface fluxes for ocean modeling, remote sensing, and understanding ocean variability based on deeper water observations. Operation in harsh environments requires the development of more robust sensors and capable platforms (more power and bandwidth as well as greater survivability). 

After reviewing the user requirements and assessing strengths and weaknesses of the different types of observations, we will attempt to synthesize a vision for the architecture and arrangement of an effective surface flux observing system for the next decade to incorporate different in-situ and satellite-based modules and provide synthesized global and regional flux products of the next generation. Satellite observations will give superior spatial coverage while in-situ observations will provide better temporal sampling and the ground truth to correct satellite-data biases. Observing System Simulation Experiments (OSSEs) should be used to rationalize the combined satellite and in-situ observing system. The system will also provide synergy with the other ocean observation systems. 

The CWP will specifically address: 

1. Requirements for surface flux observations for ocean modeling, climate variability studies and operational oceanography including spatial and temporal resolution of observations needed to adequately resolve surface flux natural variability; 

2. Estimation of sampling and space-time characteristics of flux data product errors and their potential impact on ocean modeling, climate variability studies, and operational oceanography applications;

3. Validation of surface flux and flux-related variable observing systems and quantification of uncertainties and biases in operational and delayed mode science-quality flux products;

4. Special observations to develop and improve surface flux parameterizations;

5. Emerging requirements for large scale observations of gas and particle fluxes;

6. Requirements for flux data management including stewardship and dissemination.

