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1. 
Publishable Executive Summary
This report describes, at first, the administrative infrastructure of the marine environment forecasting systems in China and the marine environment forecast products and service. Then in a econd part, it presents the EU organization for marine information and services.

The State Ocean Administration of China, its organization with the subordinates entities. This report focuses on:
- the NMEFC activities, its products and services

- National Marine Data and Information Service,

- National Marine Environmental Monitoring Center, 
- Polar Research Institute of China

- North China Sea Branch of The State Oceanic Administration
- East China Sea Branch of The State Oceanic Administration
- South China Sea Branch of The State Oceanic Administration
- Mindong Marine Environment Monitoring Central Station
- Whenzou Marine Environment Monitoring Central Station
- contributions to other institutes and organization to the different extreme event pre-warning services.

In a second part, this report explains how, trough several consecutive European project, operational oceanography is structured over Europe. It focuses on MERSEA project which aims at providing an integrated service of global and regional ocean monitoring and forecasting to intermediate users and policy makers in support of safe and efficient offshore activities, environmental management, security, and sustainable use of marine resources. The system is a key component of the Ocean and Marine services element of GMES.
The different component of the MERSEA integrated system are presented, considering products and services:

- observing system thematic portal;

- analysis and forecasting Tematic Portal

- products and services portfolio

- validation procedures and environmental indicators.

2. Review of ocean and coastal information products and services in China

The marine environment forecast mainly provides parameters in China offshore and the open sea. The objectives of marine environment forecast are to provide services for marine transport, offshore petroleum exploration, marine fishery, support to national navy and ocean science activities. The forecasts are also important tools for marine safety (people, property and structures) in the ocean and coastal areas and to promote the economic development. Thus forecast plays a very important role in the social and economical fields in our society.

The State Ocean Administration of China (SOA) is responsible for the marine environment forecasting and China Meteorological Agency (CMA) provides marine weather forecast services. The national marine disaster forewarning system is organized at all levels from the local governments to monitor or observe marine disasters. SOA is in charge of disaster warning or disaster prevention activities. SOA and its subordinates is the official organization charging of the ocean and coastal management and information services. 

The SOA is an administrative agency under the Ministry of Land and Resources of Popular Republic of China (P.R.C.) in charge of the supervision and management of sea area and marine environmental protection, survey of national maritime rights and interests (according to laws and regulations.) It also brings out and organizes marine technological research.

Website: http://www.soa.gov.cn/hyjww/index.htm 

The SOA is responsible for:

· drafting basic marine laws, regulations and policies concerning Chinese coastal area, islands, internal and neighboring seas, contiguous zone, continental shelf, exclusive economic zone and other marine areas under Chinese national jurisdiction. 

· supervision and management of sea area use (including coastal zone), including the permits for sea area uses, implementation of the system of paid use of sea area and management of laying submarine cables and pipelines according to regulations.

· undertaking and organizing the sea area boundary delimitation at local (provincial) level. 

· the organization of the draft plans, standards and criteria for marine environmental protection

· the preparation of the criteria on pollutant discharge into the sea and building up the system of control of aggregates.

· the supervisation and management in agreement with laws and regulations, of the marine scientific surveys and research activities, involving foreign countries or nationals. 

· the planning of marine installation and construction projects, involving foreign countries or nationals, submarine engineering projects, and other development activities. 

· the "China Marine Surveillance" force, which carries out routine coastal surveillance, management and supervision according to the laws and regulations, investigates and prosecutes illegal activities. 

· the organization of marine basic and comprehensive survey, makes efforts to promote significant scientific research on high and new technologies. 

SOA consists of seven national centers, one marine monitoring team, three branches and five institutes. 

The three branches are in charge of the regional marine environment observation and monitoring, and have theirs own regional operational centers to serve the public and local government. 

In the recent years, the coastal provinces have founded their own local organization to serve the public, government and industries for marine and fishery management. 
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Figure 1: Subordinate bodies of the SOA
3. Marine operational centers

3.1. National Marine Environmental Forecasting Center (NMEFC)

National Marine Environmental Forecasting Center is the unique national center that provides marine forecasts. It aims at collecting and disseminating the real-time data from world and national observation, performing marine environmental forecast, pre-warning of marine disaster and providing service and technical supports for marine economy, marine management and national safety. The main products include sea wave, storm surge, tsunami, harmful alga bloom (red tide), sea ice, sea current, sea temperature and salinity, El Niño, beach forecast, oil-spill forecast, sea surface height and marine weather of China seas. Contiguous sea forecast are directly provided to the users such as governments, industries, public and so on. These products are broadcast on TV, internet or send by fax, mobile messages and other methods. In recent years, numerical forecasting models are widely used in the operational centers for forecasts and observations. 

3.2. National Marine Data and Information Service (NMDIS)

The National Marine Data and Information Service (NMDIS) is a national facility under the State Oceanic Administration (SOA) of China. NMDIS is responsible for looking after and distributing data and information concerning the marine environment. As a National Oceanographic Data Center, NMDIS maintains and develops the national marine database. This is a collection of marine data sets mainly from China marine observation establishments. NMDIS is not only providing marine data and information services, but also technical support for development of national marine economic activity, ocean area management, marine environment protection, and research community.

3.3. National Marine Environmental Monitoring Center (NMEMC)

National Marine Environmental Monitoring Center is a nonprofit institution directly under the State Oceanic Administration (SOA). The main functions of NMEMC are the marine environment monitoring and protection, science and technology research, technical support management of maritime space utilizations, including:

· Drafting the technical specifications, standards, management policies and rules of national marine pollution monitoring and ecological monitoring; operational guidance and coordination of nationwide marine environment monitoring system.

· The monitoring of the marine environment, pollution, ecology and land-based pollutants into the sea. It also provides technical-support to the major national commitment for organization of the marine environment survey projects and operation monitoring experiment

· Research on the development of a national marine environmental protection, marine ecological protection and construction. It establishes the standard of marine environment; develops sewage standard controls in focused areas and the implementation of the program, the Offshore Oil exploration and development of major oil spill contingency plans, waste dumping evaluation procedures and standards for red tide, sea ice, and other disaster monitoring and assessment.

· The establishment and management of the marine environment monitoring database; establishment of marine environmental monitoring, sea-use management information systems.

3.4. Polar Research Institute of China（PRIC）
PRIC is Chinese research center in the field of comprehensive studies of the polar region. The institute is in charge of Key Laboratory of Polar Science of the State Oceanic Administration. Researchers in the institutes focus on polar glaciology, polar oceanographic science, polar upper atmospheric physics, polar biological science and polar information platform. The institute has established Polar Snow Ice and Global Change Laboratory, Ionospheric Physics Laboratory, Auroral and Magnetospheric Physics Laboratory, Polar Organism Analytical Laboratory, Microorganism and Molecular Biology Analytical Laboratory, Biochemistry Analytical Laboratory, Polar Microbe Culture Collection and Shipboard Laboratory. National Field Research Stations have been established at Antarctic Great Wall Station and Zhongshan Station, and they are the research bases of Antarctic snow ice and space environment. 

PRIC is the polar information center of China. It is responsible for Chinese Polar Science Database, polar information network, National Polar Archives of China, Polar Library, sample database and science journals, Polar Popular Museum, etc. It provides public services. 

3.5. North China Sea Branch of The State Oceanic Administration(NCSB)

North China Sea Branch of the State Oceanic Administration, established in 1965, is located in an area known as "oriental Switzerland" of Qingdao. NCSB is marine administration of the institution in Bohai Sea and Yellow Sea, responsible for supervision and management in this area according to the national marine laws and regulations. It also includes preservation of the marine interests, protection and the rational use of marine resource, protection of the marine environment and prevention and marine disaster reduction. 

NCSB’s main operational forecast field:

· Marine Environmental Forecasting

· Including wave, sea ice, current, tide, sea temperature, salinity forecasts; wind, air temperature, precipitation, sea frog forecasts; oil spill, pollutant’s spread and drift forecasts; tropical cyclones, storm surges, big waves, severe sea ice pre-warning.

· Numerical simulation of the marine environment

· Including numerical simulation of sea ice, ocean waves, currents, tides, storm surges, wind, etc; numerical simulation of oil spill spread and drift; numerical simulation of marine sediment and other pollutant spread and drift..

· Marine environment monitoring

· Include satellite remote sensing monitoring; volunteer vessel monitoring; marine stations monitoring; ocean buoys monitoring.

See: http://www.ncsb.gov.cn/
3.6. East China Sea Branch of The State Oceanic Administration (ECSB)

East China Sea Branch is marine administration of the institution in East China Sea and the Southern Yellow Sea, responsible for supervision and management in this area according to the national marine laws and regulations. It is also concerned with preservation of the marine interests, protection of marine resources development and the rational use, protection of the marine environment and prevention and reduction of marine disaster.

East China Sea Branch’s subordinate units incorporate the Environmental Monitoring Center, the East China Sea Marine Forecast Center, the East China Sea Information Center, the Marine Environment Monitoring Central Station of Xiamen, Mindong, Ningbo, Wenzhou, the China Sea Supervisor fourth, fifth, sixth detachment and East China Sea Air Detachment, The East China Sea communication stations, and other units. ECSB has the capacity for marine geological exploration, underwater topographic survey, monitoring the marine environment, water dynamic elements of observation, meteorological factor observation, species identification, marine environment forecasting elements, marine disaster forecasting.

See: http://www.eastsea.gov.cn/

3.7. South China Sea Branch of State Oceanic Administration

South China Sea Branch is marine administration of the institution in the South China Sea, responsible for supervision and management in this area according to the national marine laws and regulations. It encompasses the preservation of the marine interests, protection and rational use of marine resources, protection of the marine environment, prevention and reduction of marine disaster.
South China Sea Branch’s subordinate units incorporate the South China Sea detachment of China Sea Supervisor, the Ocean Engineering Investigation and environmental research Institute, the environment monitoring center, forecasting centre, engineering investigation centers, information centers, the Marine Environment Monitoring Central Station of Shanwei, Zhuhai, Beihai, Shenzhen Ocean Management Office, Zhuhai Ocean Management Office, and other units.

SCSB’s main operational forecast field:

· South China Sea marine weather forecasts:

Short term prediction: 1~3 days marine weather forecasts in the South China Sea including wind direction, wind speed, weather phenomena such as visibility, disastrous weather such as tropical cyclones, cold waves, sea fog etc …

Medium-term marine weather forecast: to provide every ten days forecast of the South China Sea Area (including typhoons, strong winds with cold air, sea fog, and other disastrous weather).

Long-term marine weather forecast: to provide monthly weather forecasts of the South China Sea (including typhoons, strong winds and cold air, sea fog, etc.).

· Typhoon forecasting products: when the typhoon entered the South China Sea, provide typhoon situation and forecast position every three hours or one hour.

· South China Sea marine hydrological forecast:

Include wave, current, tide, sea temperature, storm surge forecasts.

· Analysis and evaluation of products:

Include tidal current analysis and forecasts, current analysis and numerical simulations, prediction and evaluation of marine pollutants (such as oil spills) and sediment.

See: http://www.scssinfo.com/

3.8. Mindong Marine Environment Monitoring Central Station

Mindong marine environmental monitoring central station is responsible for the management and construction of marine environment monitoring station, which locate in the north of Minjiang River Estuary in Fujian Province. Its functions include the marine environmental monitoring and forecasting in the jurisdiction area; ocean disasters survey and data archives, etc...

Mindong marine environmental monitoring central station provides forecasting products such as storm surge, waves and marine disaster warning informations. Its observation projects include sea visibility, air temperature, humidity, air pressure, rainfall, wind, wave, salinity, red tide, water quality, pollutants, and so on.

3.9. Wenzhou Marine Environment Monitoring Central Station

Wenzhou marine environmental monitoring central station is part of the East China Sea Branch of the State Oceanic Administration. It is mainly engaged in marine hydro-meteorological observation, marine environmental forecasting and monitoring of the marine environment. It provides marine information in jurisdiction area for government and enterprises. 

The main projects of Wenzhou marine environmental monitoring central station include:Marine environment forecasting products: Mainly including storm surge, wave, sea temperature, tides.Marine and weather observations: Mainly including air pressure, air temperature, humidity, rainfall, wind, tide, wave, sea temperature, salinity.Marine environment monitoring: Mainly engage in the red tide monitoring, bathing beach monitoring, ecological monitoring, Aquaculture zone detection, fishery water pollution monitoring etc...
4. Products and services

4.1. Ocean Wave Forecast 

The ocean wave forecasting service was started in the late-1980s in China. The forecasting services of the China seas and the northwest Pacific Ocean have been broadcasted in television and stations everyday. The ocean wave forecasting system has been established in NMEFC, which includes the ocean wave information acquisition system, the ocean wave analysis, the forecast technology supporting system and the wave forecast service system.

An important progress of the ocean wave numerical model development was made by Yuan Yeli et al (1992) in the First Institute of Oceanography of SOA, who developed a new third generation wave model called LAGFD-WAM which was based on the WAM model with modification of the source function in wave energy diffusion. The empirical energy diffusion function in the WAM model was replaced by the theoretical equation proposed by Yuan Yeli. The modification improved the model result especially in high sea states. Furthermore, the wave-current interaction was also considered in the model including uneven and un-steady current especially. This model has been widely used in ocean engineering and ocean environmental parameter computation in China. A global wave numerical model in spherical coordinates, MASNUM, was developed based on the LAGFD-WAM model by Yang Yongzeng et al. (2005) in order to evaluate the wave-induced mixing in the upper ocean and the impact of surface waves on ocean-atmosphere fluxes. Another ocean wave model, YE-WAM, was also developed by Yin et al. (1996) in the institute of oceanography of CAS, with wave breaking diffusion due to depth effect in shallow water considered. This model gave good result especially for shallow waters.

In the fields of the global ocean wave operational forecasting system, China is still at the preliminary stage. Wen Bin et al. (2007) has carried out the global ocean wave forecasting experiment based on the WaveWatch Ⅲ model, which is modified by improving the model control equations, the program structure and the numerical and physical processing method after considering more reasonably the wave-current interaction and wind wave physical mechanism. 

Sea wave real-time analysis and short-term forecasting service covers the china seas and the northwest Pacific (5°N~45°N, 100°E ~ 165°E). Numerical forecast includes wind wave, surge amplitude, period, main wave direction, intensity and motive directions by using WAM4 model and SWAN models. The products are provided through the internet and pre-warning information are released on CCTV and are daily supplied directly to the users. All these have bring an obvious social and economic benefit.  
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Figure 2:  Numerical forecasting products of sea wave and pre-warning on TV

4.2. Storm Surge Forecast 

A very serious storm surge caused by No. 17 typhoon occurred at the coast of Wenzhou, Zhejiang Province in August, 1994. Both National Marine Forecast Station and Shanghai Marine Forecast Station accurately forecasted this storm surge. 500,000 people in that area were evacuated to other places and the number of victims had been sharply reduced.

National Marine Environmental Forecasting Center has autonomously established typhoon and extra-tropical storm surge model (CTS model and CES model) covering the whole China Sea and supplying the forecast services to the users. Historical database is playing an important role in terms of real-time forecast, scientific research and marine engineering computation, etc.

Evaluation of storm surge risk is also one of the main technical services. DEM, DLG data and SPOT satellite sensing data are used to plot high resolution risk evaluation map by GIS integrating technique and nested grid calculation.
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Figure 3: The first plot of risk evaluation and pre-warning of typhoon storm surge (orange class)

4.3. Tsunami Forecast
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Figure 4: Products of CTTT model and CTSU model (spread time for Taiwan Dec 26, 2006 and sea level for Indian Ocean 2004)

The main responsibilities are to monitor ocean and local tsunamis and to send pre-warning along china seas. Analysis and evaluation of the tsunami risk and supports of the information distribution is a benefit for the human been and propertie security.  

NMEFC has established autonomous CTTT, CTSU and fetched COMCOT models from Cornell University and TsunamiCLAW model from Washington University. 

4.4. Sea Surface Temperature Forecast 

During the period from 1993 to 1995, China entered into a new era for the sea temperature forecast. It is mainly embodied in the following aspects: 

· First, continuous improvement of numerical forecasting model helps to realize massive and automatic forecasts. Then further improvements such as Mid and Long Term Numerical Forecasting System for Sea Surface Temperature (SST) of North-west Pacific has been made. The mean error of the forecast is only 0.7 C. In addition, short-term three-dimensional coupled model have been developed for temperature and current in Bohai Sea and Huanghai Sea as well as Offshore abnormal SST model.

· Second, there are different ways to release analytical and forecasted sea temperature products, including immediate sea state report and large-area ten-day report. 

Operational forecasting products are based on statistics and numerical models. The main numerical models include improved POM, HYCOM and FVCOM configurations. Forecasting areas covers Pacific, Northwest Pacific and China Seas. 


[image: image13]
Figure 5: Statistical products of China Seas (10 days SST and SST deviation, Sep 15th, 2007)    

[image: image14]
Figure 6: Numerical products of surface temperature and current
The SST numerical forecasting method was mainly developed in the 1980s under the support of the 7th national 5year science and technology program with the project entitled “Marine environment numerical forecasting research” coordinated jointly by NMEFC and OUC. The model included an anomaly model and ae mixed-layer model. Both the contribution of ocean current transportation to the thermal equilibrium and the detailed physical processes in the upper mixed layers were considered in the mixed-layer model.

Great progress in the traditional marine environmental parameter simulation and forecasting has been achieved in recent years. The SST simulation could be greatly improved after the effect of ocean mixing caused by waves in the ocean-atmosphere coupling process is considered. Qiao Fangli et al. (2004) (The first Institute of Oceanology, SOA) established ocean wave-circulation theory and developed ocean wave-circulation coupling model to improve the simulation and predictability of upper layer ocean. 

In recent years, all kinds of assimilation methods have been used in ocean simulation and forecasting processes in China. Zhao Qian et al. (2005, OUC) used the Nudging assimilation method to simulate three dimensional temperature field in Bohai Sea, Yellow Sea and East China Seas based on NASA high resolution satellite SST data. The RMS error at 3 test stations gives 1.307, 0.526, and 0.744 respectively, while the RMS error using heat-flux data to simulate SST gives 2.160, 0.979, and 1.330 respectively. Although only SST is assimilated in their study, three dimensional temperature fields is affected at the same time. Zhu Jiang et al.(2007) established a general ocean data assimilation system based on the three dimensional variation method, which can be used to assimilate in situ temperature/salinity data and altimeter data. The temperature and salinity fields will be modified after the altimeter data has been assimilated. This system might also assimilate ARGO buoy data and other in situ data. The assimilated results show that the monthly average error of temperature and salinity in the upper ocean above 420 m are 0.63℃ and 0.34 psu respectively. It seems that assimilation techniques could greatly improve ocean simulation and forecasting.

IAP is running an ocean circulation model for Chinese marginal Seas. The model is based on the hybrid coordinate ocean model (HYCOM). The configuration of the one-way nesting modeling system is displayed by figure. The highest resolution is 1/12 degree. This modeling system has been verified using the following datasets:

· Climatology from WOA 01 dataset; 

· CLS’s 1/3 degree grid point altimetry dataset;

· Surface trajectories of drifters from NEAR-GOOS website 
· Argo float T/S profiles from China Argo real time data center;

· Other T/S section from Chinese cruises.
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Figure 7: The HYCOM modeling system for China marginal seas and surface velocity comparisons between model simulation and surface drifters. 
IAP has developed the Ocean Variational Analysis System (OVALS) that is a 3DVAR-based assimilation system which is capable of assimilating temperature and salinity observations and altimetry data (Zhu et al., 2006). The control variables are temperature and salinity fields. Two steps are necessary to perform the OVALS. This system has been tested in the Pacific Ocean (Yan et al., 2007) and applied to South China Sea (Xiao, et al 2007) and the East China Sea (Gao et al., 2008). In 2007, the OVALS was transferred to operational use at the National Marine Environment Forecast Center.

4.5. Sea Ice Forecast 

Sea ice forecast of Northern Bohai Sea and Huanghai Sea is a part of disastrous ocean forecasting. A dedicated team has established ACCESS Relation Database Managerial System on which WINDOWS Operational System can be used. This database has been used in real-time forecast and the accuracy has been largely improved. The forecasting products are directly disseminated to users and some are also released through CCTV. Statistical products include weekly, 10days, monthly and annual sea ice maximum cover line, normal and maximum ice thickness.  Numerical products are 1 to 5days ice thickness, density, ice velocity and daily ice cover line. 
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Figure 8: Statistical and numerical forecasting products

Several institutions in China are carrying out the researches on the sea ice, such as NMEFC, the National Satellite Ocean Application Service (NSOAS), the National Marine Environment Monitoring Center (NMEMC) in Dalian, Tianjin Univ., Dalian Univ. of Science and Technology etc… NMEFC is in charge of sea ice forecasting service, NMEMC owns the in situ sea ice observations and the sea ice mechanic testing facilities. Tianjin Univ. and Dalian Univ. of Science and Technology are carrying out some studies mainly in the sea ice mechanics and the Qinhuangdao central ocean station of the North Sea Branch of SOA owns the capability of the sea ice in situ observation and the sea ice mechanics experiment facilities.

Sea ice monitoring has two main different kinds of methods, one is the aviation monitoring and the other is the satellite monitoring. The aviation monitoring uses camera, microwave radiometer, side-looking radar. It is usually operated by the aviation group that belongs to the North Sea Branch of SOA. The satellite remote sensing monitoring mainly uses the NOAA and the HY-1 satellite data to set up sea ice parameters such as sea ice scope, floating speed, ice category etc…

To apply the satellite remote sensing to the sea ice monitoring, Huang Ruiheng et al. (1991) had established the satellite sea ice monitoring system for the Bohai Sea and Yellow Sea. Du Bilan and Huang Runheng (1991) summarized the sea ice remote sensing progress in China. For the sea ice migration monitoring, Huang Ruiheng et al. (1993, 1997) proposed the template matching and the sequence image computation to estimate sea ice movement. Liu Jianqiang et al. (1999) proposed to monitor the sea ice using Radar sat data. Jin Yaqiu and Huang Runheng (2001) carried out the sea ice observation in Bohai Sea using SAR and DMSP SSM/I data. The microwave scattering coefficient and the polarized ratio had been used to recognize different sea ice. Han Suqin et al. (2005) used MODIS data to monitor sea ice in Bohai Sea and Luo Yawei et al. (2004) carried out sea ice monitoring and forecasting using HY-1 satellite data.

4.6. Harmful algal bloom Forecast

Red tide is a main marine disaster along the shoreline. The main objectives are to monitor environment element variability of China Seas, disseminating forecast of harmful algal bloom trend and trigger conditions and evolutive trend of current harmful algal bloom.

Numerical forecasting is based on FVCOM system (Finite Volume Community Ocean Model). Model domain covers BoHai Sea, with a resolution from 1km to 8km. Products include dissolved oxygen, carbonaceous biochemical oxygen demand, ammonium, nitrate and nitrite nitrogen, inorganic phosphorus, phytoplankton etc…
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Figure 9: Two cases of harmful algal bloom
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Figure 10: Numerical model grid and plankton carbon concentration (mmol C/m3) July, 2006

The red tide probability statistical method is widely used for time being. Deng Suqing et al (2004), from Zhejiang Univ., analyzed the daily meteorological observations from May to June of 2002, and used the characteristics of several weather elements before the occurrence of the red tide to establish the forecasting equation of the red tide in Zhejiang adjacent sea area. The results showed that it is feasible to forecast the occurrence of red tides in the study area. Li Peishun et al. (2004), from the North China Sea Marine Forecasting Center of SOA, analyzed more 50 red tide burst events in Bohai Sea and Yellow Sea from 1998-2002 to obtain weather models which may cause red tide outbreaks and the relationship between the hydrology and meteorology factors before and after the red tides. Three experiential equations were established in Bohai Sea and Yellow Sea with the factors of air temperature and SST. The forecasting experiments show the forecasting accuracy in Yellow Sea and Bohai Sea is about 70%.

Concerning the red tide monitor and the forecast by satellite remote sensing, Huang Weigen et al.(2004), from the Second Institute of oceanography of SOA, monitored the Zhejiang sea area red tides by using water color and SST variations and tracked the red tide process. Wang Qimao et al (2004), from the National satellite ocean application service of SOA, proposed to use the ratio of CCD channel 2 and channel 1 to monitor red tides in Bohai Sea and it showed the capability of the HY-1 data in red tide monitoring.

The research projects related to the red tide include the project entitled “The ecology and mechanism of harmful red tide occurrence and its the forecast and prevention” supported by China fundamental research project (973)(coordinated by Zhou Mingjiang, Institute of Oceanography of CAS, and Zhu Mingyuan, FIO/SOA), and “Harmful red tide forecast technique research” supported by the national 10th-5year science and technology program(coordinated by Huang Weigen and Ding Dewen) and etc.

4.7. El Niño Forecast

El Niño group provides sea surface temperature and temperature anomaly for the NiNO3region in the Pacific from one to six month forecast. CGCM model (from Institute of Atmospheric Physics, CAS) and CCM3 (Community Climate Model from NCAR) are the main numerical climate forecasting systems.
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Figure 11: Statistic forecast product and numerical product by CGCM

4.8. Coupled Bergen Climate Model (BCM) by NCZ

The atmospheric model ARPEGE/IFS is a spectral model which was originally developed for weather prediction by Me´ te´ o-france and ECMWF, the European Centre for Medium-Range Weather Forecasts (Courtier et al. 1991), and later extended to a climate version by Deque et al. (1994). Descriptions of later model improvements can be found in Deque and Piedelievre (1995) and Deque et al. (1998). We will here only give a brief outline of the model.
[image: image24.emf][image: image25.emf]
Figure 12: BCM horizontal grid distribution for (a) atmosphere (b) ocean.

The main features of the ocean model MICOM are described in Bleck et al. (1992). On top of a stack of isopycnic layers a nonisopycnic surface mixed layer provides the linkage between the atmospheric forcing and the ocean interior. This scheme has a special treatment of massless layer interfaces to avoid unrealistic interface diffusion near the bottom and near the base of the mixed layer.

In the present version of BCM, the sea-ice model is an integrated part of the ocean model. The ocean–sea ice module share the same grid, and the heat, salt and water fluxes among them are handled in an internally consistent way. Typical values for respectively ice and snow are 0.80 and 0.85 in the freezing season, and 0.60 and 0.70 in the melting season. 

The OASIS (Ocean Atmosphere Sea Ice Soil) coupler has been used to couple the atmosphere and ocean models. The Subpolar Gyre Index and the North Atlantic Meridional Overturning Circulation (AMOC).
[image: image26.wmf]
Figure 13: the normalized SPG and the normalized AMOC in CTRL (a) and in FW (b) (Gao and Yu, 2008, Atmospheric and Oceanic Science Letters, accepted)

Our results based on the coupled climate system confirm that the SPG can be used as an early indicator for the AMOC in the subtropical North Atlantic. The changes in the SPG are closely related to the variations in the air-sea heat exchange in the Labrador Sea, and the variations in the deep water formation and the southward dense water transport with the deep western boundary current (DWBC) in the North Atlantic.

4.9. Marine Meteorological Forecast 

Forecast of some key elements in marine environment such as sea wave, sea current and storm surge requires high accuracy of marine meteorological forecast. The forecasting system of SOA is also engaged in marine meteorological forecast.

During the past several years, there was an obvious improvement in short-term meteorological forecast. NMEFC has improved MM5 model and WRF model used for China seas and other adjoin regions. Wind, temperature, relative humidity and pressure etc. elements are provided by these models. They are forcing field inputs for sea wave, storm surge models, and the typhoon path forecast.
In recent years, mid and long range forecasting methods for marine weather have been improved. Those numerical products, used in synoptic meteorology and statistics, are of great interest in increasing accuracy and predictability. The main products include disastrous marine weather and weather system, with a-ten day, monthly or annual (especially for typhoon) range. These products are used and carefully validates by all relative organizations.
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Figure 14: numerical atmospheric forecast

4.10. Seashore and Routing Forecast

The forecast group provides three days forecasting products of marine environmental elements for beach and human health safety both on TV and internet. Products include sea temperature, air temperature, water quality, swimming comfort degree, water health index, best swimming time, sea wave etc…       

By covering the Pacific, Indian and Atlantic oceans, marine routing forecast is the most featured forecast in NMEFC. The Forecast Team provides forecasting services to many marine activities such as ocean manganese nodule investigation, Kuroshio investigation, world ocean circulation test and Antarctic expedition. They pay attention to analyses and studies on disastrous climate features of the ocean routes and climate features of the South Pole area. These achievements have played an important role in all the past expeditions.


[image: image29]   
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Figure 15: Seashore forecast on TV and Routing forecast on web

4.11. Tide and Tidal Current Prediction

NMDIS (the National Marine Data and Information Service) manages the tide data recorded from the tidal stations along Chinese coasts and is in charge of the tidal prediction and tidal current analysis. NMDIS is also responsible for publishing "Chinese Sea level Bulletin" every year. The State Oceanic Administration of China maintains the Chinese sea level monitoring station networks.

In the aspect of the tidal current numerical simulation, the tidal current numerical model was mainly two-dimensional before 1986. Yu Kezun (1986) proposed a 3-dimensional tidal current numerical model for the Bohai Sea. Tang Yuxiang (1986, 1987) studied the interaction between tidal current and the tidal residual current. Feng Shizuo (1986, 1987, 1988) proposed a weak nonlinearity theory related to the tidal Lagrange residual flow and its transportation. He also calculated the Lagrange residual flow field in Bohai Sea (Sun Wenxin et al.(1989), Wang Hui(1989)). Fang Guohong (1986) calculated the tidal current in China Seas; Zhao Baoren et al. (1994) simulated the tidal current in Bohai Sea, Yellow Sea and the East China Sea. Zhou Huamin et al.(2005) calculated the tidal wave systems in Bohai Sea after considering the different tidal constituent interaction and sea bottom frictional influence. The results were in good agreement with in situ data. The North Sea forecasting center of State Oceanic Administration developed a three dimensional ocean current numerical model and a service application system for the Bohai Sea tidal current forecasting (Zhang Yongmei et al (2005).

4.12. Other merged products


[image: image31]
Figure 16: The forecasting products of East China Sea Branch
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Figure 17: The forecasting products of South China Sea Branch

4.13. Air Quality Prediction Modeling System (NAQPMS) by NCZ

The NAQPMS has been developed at the Institute of Atmospheric Physics, Chinese Academy of Science, and used for scientific studies and policy evaluation in East Asia since 1995. NAQPMS is composed of four sub-systems, including basic data system, mesoscale weather forecast system, air pollution prediction system, and prediction results analysis system. The framework of the system can be seen in figure.

The NAQPMS is a fully modularized three-dimensional system with various options for representing the physical and chemical processes describing regional- and urban-scale atmospheric pollution. The main features of the NAQPMS are described below: Advection and diffusion, Gas-phase chemistry, Aqueous-phase chemistry and scavenging, Dry deposition,Emission

NAQPMS are tending perfect by integrating a series of independently developed air quality models for urban, regional and global scales. There are several stages of development of air quality model.

· Three-dimension Eulerian transport model for pollutants

· Yellow sand long-range transport model

· Urban scale air quality model

· Nested air quality prediction modeling system

· Global Environmental Atmospheric Transport Model (GEATM)

· Ensemble air quality forecast system
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Figure 18:The Framework of Nested Air Quality Prediction Modeling System (NAQPMS)
The NAQPMS model has previously been used to investigate sulfur deposition and transport in East Asia, long-range transport of yellow-sand, pollutant transport and ozone chemistry, and acid rain and yellow-sand neutralization in East Asia. Since 2002, the NAQPMS has been successfully applied to Environmental Protection Bureau of Beijing, Shanghai, Zhenzhou and Shenzhen as routine air quality forecast model. In 2008, the ensemble air quality forecast system is used in air quality forecast during Olympic Games. 

Scientific research: Air pollutant deposition and transport, Long range transport of yellow sand, Acid rain, Ozone 

Operational work: Operational air quality forecast, Air quality forecast for Beijing Olympic Game.
5. Status on the ocean and coastal information products and services in EU
Operational oceanography started to be coordinated in Europe with the Rome signature of the EuroGOOS Memorandum of Understanding in 1995 (http://www.eurogoos.org/). Numerous efforts have been carried out at national and European levels to define and demonstrate a capacity to make available and deliver a generic services based on common ocean state variables necessary to meet the needs for environmental and security applications. The service was developed with a European regional seas strategy and service were initially developed at the level of three regional seas, so-called MOON (Mediterranean sea, www.moon-oceanforecasting.eu/), BOOS (Baltic Sea, www.boos.org/) and NOOS (North West Shelf, www.noos.cc/). This is nowadays the conceptual model followed by the overall GOOS program. 

At the same time, a comprehensive effort to connect European regional seas to global ocean forecasting started with the advent of the MERSEA Integrated Project, funded by the FP6 GMES (www.gmes.info/) research and development program from  April 2004 to March 2008. The GMES service, integrated and interoperable between regional seas and the global ocean, started also to be developed in a precursor GMES FP5 EU project, so-called MERSEA Strand-1 where four European regional seas (Arctic, Baltic, North Eastern Atlantic and Mediterranean) started to develop and implement common quality control protocols for ocean products (http://strand1.mersea.eu.org/). 

The strategic objective of MERSEA is to provide an integrated service of global and regional ocean monitoring and forecasting to intermediate users and policy makers in support of safe and efficient offshore activities, environmental management, security, and sustainable use of marine resources. The system is a key component of the Ocean and Marine services element of GMES.

This document provides an overview of the current practices in Europe. It describes the main observing systems and the related data centers that will be interfaces with the marine forecasting centers, the organization of the service production and the service delivery.

Then we will consider the consolidation of this capacity and its pre-operational validation which prepares to the transition to an operational phase with MyOcean.
6. Mersea integrated system
MERSEA project deals with numerous activities, like sea observations, development of modeling and data assimilation tools, information management, public information. These activities are done by providers (scientific teams, data centers, model centers, etc…) which work part of their time for MERSEA. MERSEA system can be considered as a federation of existing systems, which are not dedicated to MERSEA purposes but offer services to MERSEA while upgrading them under the MERSEA plan of work.

The Marine Core Service (MCS) will provide services to ‘intermediate users’ in areas of benefit including climate, marine environment, seasonal forecasting and extended weather forecasts, marine safety, fisheries and ecosystems, maritime and offshore industry, and marine ecosystems. Intermediate users will take the output of the MCS and use it to produce information of societal and economic value to these areas of benefit. Their service requirements will include non-urgent delayed mode services as well as time critical operational delivery, of both observational and model data, and needs across this spectrum must be provided for by the MCS 

MERSEA core service providers could be classified in two main categories:

· observational data providers:  observational data providers organizes the collection and quality control of satellite and in situ observations from systems such as ARGO, ship of opportunity, Altimeters, Radiometers, etc. They are organized thematically depending on the type of satellite data and the in situ observations

· analysis and forecast providers: these providers are centers where numerical forecasting and analysis models are used to produce analysis (melding of model and observations) and forecasts in real time and delayed mode. In Mersea there are five of them, one for the global ocean (Mercator) and four for Arctic (NERSC), the Baltic (DMI), the North East Atlantic (UK Met Off) and the Mediterranean (INGV).

MERSEA Information System is a web-portal http://www.mersea.eu.org consisting of a set of TEPs (ThEmatic Portal): three data aggregation TEP’s providing data from observing systems, and five operational system TEP’s providing real-time ocean forecasts and analyses.

A TEP is a logical system entity responsible for providing services, aggregated on a thematic basis. In general, a TEP has no physical implementation and consists of a collection of services distributed among provider’s physical systems. However, it is under TEP responsibility to define, describe and insure that necessary services are implemented. 

In other words, TEP’s are delegation mechanisms to thematic communities to organize the Mersea services they have to operate. Doing so, TEP’s are in charge of:

· federating services embedded in TEP, checking those services are consistent and not redundant, 

· describing services and products, 

· operating services in a common way. 

· monitoring services and reporting at Mersea level.

The TEP production practices are subdivided into three logical production sub-units:
· the pre-processing chain: collect input for the forecasting system;
· the analysis and forecast chain: numerical model and assimilation scheme;
· the post-processing chain: evaluation of the forecast (skill score) and intermediate or end-user services.


[image: image34]
Figure 19 : The production chain functional diagram.

All MERSEA products are listed and described in MERSEA catalog and inventory  (http://www.mersea.eu.org/html/information/catalog/products/catalog.html) .

6.1. Observing system TEPs
Remotely sensed data from satellites deliver near real-time, long-term, synoptic, high resolution, global estimates of key parameters (e.g. sea surface topography, sea surface temperature, ocean color, sea ice, winds). The in situ data are indispensable for calibration of the satellite data, validation of the models, assimilation into the models and improving the assimilation of the satellite data.

Models also need surface forcing fields that are provided by ECMWF and may be improved by combination with satellite data.
6.1.1. In-situ

http://www.mersea.eu.org/1-in-situ.html
CORIOLIS global in-situ observation daily delivery
In-situ information is acquired all around the world and not easily available to the operational users. Therefore, the MERSEA in-situ Thematic Portal, by connecting to a lot of international networks, collects, controls and disseminates the relevant in-situ data to MERSEA operational users. Each day, a new release of the product is issued containing the observations which have never been disseminated in previous release or have been updated. A sliding window of the past 3 months of product is available at the In-Situ TEP. No Archive of the product releases is insured at the In-Situ TEP, only the individual observations are archived. 

CORIOLIS Global Real Time Objective Analysis [image: image35.png]



The operational analysis system set up by the Coriolis data center produces temperature and salinity gridded fields by using profiles from the database. The system is based on an statistical estimation method (objective analysis). 

CORIOLIS Atlantic Delayed Mode Objective Analysis [image: image36.png]



Atlantic 1/3° analysis of temperature and salinity observations on 59 horizontal levels from 5 to 1950 m. This analysis (CORA_ATL_01) has been produced as a delayed mode analysis of the content of Coriolis data base in April 2005.
6.1.2. Remote sensing

More than 40 various products are available (http://w3.mersea.eu.org/html/remote_sensing/welcome.html). 

Some examples are listed below.

Ssalto / Duacs Atlantic Real-Time Sea Level Anomalies - Extented[image: image37.png]



SSALTO/DUACS is the CNES near-real time and delayed time multi-mission altimeter data processing system. It serves the main operational oceanography and climate forecasting centres in Europe and worldwide.
IFREMER Sea Ice Concentration in Northern Hemisphere
This dataset is generated in the frame work of the IGLOOS project (Identification des Glaces Oceaniques par Observations Satellitaires). These data are a by-product of the Sea ice drift fields produced by IFREMER. The sea ice concentration product is generated daily from the brightness temperature maps provided by the National Snow and Ice Data Center.
MEDSPIRATION AVHRR17_LAC (on board NOAA-17) SST L2P product over European Seas

This dataset is generated in the frame of Medspiration project, a European initiative to combine data measured independently by several different satellite systems into a set of data products that represent the best measure of SST, presented in a form that can be assimilated into ocean forecasting models. Medspiration is the European component of the GODAE high-resolution sea surface temperature pilot project (GHRSST-PP) established to give international focus and coordination to the development of a new generation of global, multi-sensor, high-resolution (~6 hours and 10 km), SST products. 
6.1.3. Forcing Fields

http://www.mersea.eu.org/1-forcing-fields.html
Blended global satellite mean wind field, 6 hourly delivery

The Blended Mean Wind Field is a global product (80S to 80N and 180W to 180E) including wind components (meridional and zonal), wind module, wind stress and the corresponding components. They are estimated from near real time satellite observations (QuikScat scatterometer and SSM/I radiometers) and ECMWF operational wind analysis. The spatial and temporal resolutions are 0.25x0.25 degrees in longitude and latitude, and 6 hours. 

Surface parameters from ECMWF model 10-day forecast
Global forecast surface parameters up to 10 days are produced operationally in real time by the Numerical Weather Prediction system of the European Centre for Medium range Weather Forecast. They are used as an input by the ocean models to compute the atmospheric forcing terms at the ocean surface.
6.2. Forecasting system TEPs :
Five data assimilation and forecasting TEP’s combine available observations to produce analysis and forecasts of ocean conditions for the global ocean and regional seas of Europe.
MERSEA model data consists of analyses and forecast fields generated at a predetermined temporal frequency by the TEPs for the global ocean and the different European regional Seas. In general, model metadata should describe the geographical grid and the time resolution, together with the indication of the nature of the field, either an analysis or a forecast:

· The model base-line products are the model output state variables on the model native grid and the TEPs chosen time resolution. 

· The model standard products are instead on a grid with simple geographical coordinates (lat, long and depth) at a fixed resolution similar to the native model grid, referred to below as the SS (Simple Standard) grid. This data set is required for interoperability of the Mersea products. However, the SS grid should be carefully chosen by each TEP to represent as well as possible the dynamical balance of the model fields, the resolution of the native grid and the temporal resolution of the assimilation system. 
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Figure 20 : The five areas of the MERSEA integrated system
Standard model products are:

· Temperature field 

· Salinity field

· Density field

· Zonal velocity component field

· Meridional velocity component field

· Vertical velocity component

· Sea level field

· Zonal Wind stress component field

· Meridional Wind stress component field

· Downward radiative heat flux field

· Upward radiative heat flux field

· Latent heat flux field

· Sensible heat flux field

· Water flux field

Each forecasting system has its own website and product and service distribution, in completion of the Core Service.
6.2.1. Global Ocean

Operator: Mercator Ocean, France (http://www.mercator-ocean.fr/)
The MERSEA Global system is a living system growing in complexity from a low global resolution (2°) assimilating only altimetry data to reach a high resolution (1/12°) system assimilating in situ data and nested to a biogeochemical model. The present operational Global system is at 1/4° resolution, assimilating altimetry, SST and in situ data. An additional 1/15° demonstrator for the entire North Atlantic and Mediterranean Sea is also assimilating altimetry, SST and in situ data. They are run on a weekly basis with 2-weeks forecast. The physical model is based on the OPA software and the assimilation is made using SEEK (Singular Evolutive Extended Kalman filter) for the Global Ocean and a Reduced Order Optimal Interpolation (ROOI) scheme for the North Atlantic and Mediterranean Sea.
6.2.2. Arctic Ocean
Operator: NERSC, Norway (http://topaz.nersc.no/)
The TOPAZ system developed under EC Framework V is run by NERSC and presently covers the North Atlantic, Nordic and Arctic seas. It is based on the HYCOM ocean model v2.1 and includes a sea-ice model. It assimilates sea surface heights, surface temperature and sea ice concentrations on a weekly basis using the Ensemble Kalman Filter.
6.2.3. Baltic

Operator: DMI, Denmark (http://www.dmi.dk/eng/index/research_and_development/operational_oceanography_division.htm)
Centre for Ocean and Ice (COI), at the Danish Meteorological Institute (DMI), provides the Mersea Baltic Sea component. They run an operational production of forecasts of the physical oceanographic conditions for the North Sea - Baltic Sea system using the DMI-BSHCmod 3D-ocean model.
6.2.4. Mediterranean Sea
Operator: INGV, Italy (http://gnoo.bo.ingv.it/mfs/)
The Mediterranean Forecasting System (MFS) provides the Mersea Mediterranean component. It is based on a 1/16 degrees resolution implementation of the OPA8.2 code for the forecasts and a multivariate Reduced Order Optimal Interpolation Scheme for the analyses. Each day MFS produces real time daily analyses and ten days forecasts.
6.2.5. North-East Atlantic

Operator: NCOF, UK (http://www.metoffice.gov.uk/research/ncof/foam/browser.html http://www.metoffice.gov.uk/research/ncof/mrcs/browser.html)

They presently produce daily forecasts on an operational basis both for the deep ocean using the FOAM (Forecasting Ocean Atmospheric Model) system, and for the shelf seas using POLCOMS. The FOAM system includes nested models and assimilation of satellite altimeter, surface temperature and profile data. Ecosystem models can be run in the FOAM system and POLCOMS.
6.3. Post-processing
After the forecast and/or the analyses have been produced, the post processing procedures begin, both in terms of evaluation of the forecast in terms of skill scores and intermediate and end-users services. We will focus here on validation procedure at each forecasting center level and at MERSEA level.
6.3.1. Validation at forecasting center level:
· Global TEP validation practices

The validation activity at Mercator Ocean consists in an output quality assessment of the operational system by comparing model outputs with observations (either from satellites or in situ measurements). A first stage known as the 'short loop', which is regular and weekly, consists of qualitative analysis of output from operational chains and in-line diagnostics. 

A second stage known as the 'long loop' focuses on a much longer time scale of the order of a few weeks to a few months. It is done either by systematically analysing a system or by case studies and phenomenological studies. First, the ‘long loop’ validation consists in comparison of the output model with in situ data (temperature and salinity profiles) or satellite data (sea level, sea surface temperature). Secondly, it is based on metrics computation, which are summarized representations of operational systems output and a worldwide reference for ocean forecasting operational systems validation and intercomparison. Finally a recent activity has been initiated concerning indicators computation aiming to ocean climate monitoring.
· Arctic TEP validation practices

The validation activity is carried out in the short loop by monitoring the data assimilation statistics (ensemble spread and model-to-observation errors.) A visual check completes the statistical validation. 

The long loop validation is done against non-assimilated data (the in-situ hydrographical profiles from the in-situ TAC) and by monitoring integrated oceanographic quantities produced by the model (water and sea-ice volume fluxes, ice area and volume). 
· Mediterranean TEP validation practices

A complex quality control procedure is carried out every week on Wednesday, after the analysis chain has been finished (Tonani et al, 2007).  A complex set of quality control indices are published on the Web to show the quality of the analysis and forecast for the past week. In general the analysis and forecasting system is checked following some general criteria of:

- Consistency: comparing the model output with Medatlas climatology.

- Accuracy: comparing the model simulation or forecast with observed data. 

- Performance: comparing forecast fields with the corresponding analysis fields.
· North-East Atlantic TEP validation practices

Verification of model output is also carried out within the post-processing tasks. The FOAM outputs are verified using the system developed for the Met Office NWP models. This system uses collocations with quality controlled temperature profile, salinity profile and SST observations to compute statistics of model performance over a number of areas. In addition, metrics defined in the MERSEA project are computed from the model outputs and are made available to other MERSEA partners.

For POLCOMS, systematic procedure is in place comparing surface temperature fields with Moored Automatic Weather Station data.  The surface chlorophyll and visibility fields are compared with satellite fields on the PML MultiView web site.
6.3.2. MERSEA metrics:
Postprocessing is also based on metrics computation, which are summarized representations of operational systems output and a worldwide reference for ocean forecasting operational systems validation and intercomparison. The validation of the systems aims to provide “error bars” or “quality numbers” of their different aspects and components. The objective is to perform an overall assessment of the full integrated system, for every single component, while the intercomparison exercise aims to identify quality and drawbacks of the systems involved for each basin of the world ocean. The main benefits from this intercomparison exercise were (Crosnier et Le Provost, 2006)  :
· identification of major errors and problems in each system

· overall assessment of the system products over a 6 month period, 

· evaluation of regional relative quality of each system, 

· definition of rules, and shared methods for common assessment.

We will focus on the diagnostic definitions (Class 1, 2, 3 and 4 metrics.) From Class 1, 2 and 3 metrics, the consistency and quality of each system can be deduced, or intercompared among several systems. The system’s performance can be addressed using Class 4 metrics. However, new metrics, “user-oriented” might need to be defined to fully address this last principle. The “share-ability” is the second important aspect of the validation methodology, because the validation is performed by different teams contributing to GODAE or MERSEA in different places.
· Definition and purposes:

The metrics provide equivalent quantities extracted out of the different systems for the same geographic locations. It is mandatory in the intercomparison exercise because the systems use different vertical coordinates with different vertical resolution, as they all cover different geographical domains with different horizontal resolution.

Class1 to 3 metrics are provided on a real time basis by all teams through their OPeNDAP server for the daily mean best estimates fields (the best estimate corresponds to the best field that each system can produce, i.e. a hindcast or nowcast), as well as for any forecast. These metrics are computed directly “in line” during the system run, or built from the system direct outputs.
· Class 1 metrics

Class 1 metrics aims to provide general overview of the ocean and sea ice dynamics provided by the different systems. System’s output (e.g. ocean and sea-ice model variables) corresponding to different horizontal and vertical native grids are interpolated into a common set of horizontal and vertical grids over different regions that cover the world ocean, following the GODAE resolution. Class1 diagnostics gathers 2-D and 3-D fields interpolated on the GODAE grids, and averaged on daily means. This is a compromise between a complete view of the ocean dynamics by each system, and the storage capacity needed to have it at the global scale. Class 1 metrics are designed for “consistency assessment” and comparison to climatologies or ocean pattern described in the literature.
· Class 2 metrics:

Class 2 metrics are designed to monitor systems outputs (e.g. model variables). But Class 2 metrics are complementary tools to Class 1: wherever high horizontal and vertical resolution is required to analyse the ocean dynamics, and perform the diagnostic, Class 2 are designed as virtual moorings or sections into the model domain. Class2 diagnostics gathers some of the model variables along chosen section tracks or at moorings locations. Along sections, locations have been computed usually every 10 km for global metrics, every 15 km for Arctic metrics. Some of the chosen tracks coincide with oceanographic cruises, ship of opportunity tracks, repeating surveys, or gliders tracks. Class 2 metrics can also assess the quality of sea level estimated by the system.

· Class 3 metrics :

Class 3 metrics are physical quantities computed using the model variables that can not be derived from Class 1 or Class 2 files. Class 3 metrics need to be computed in-line, during the model run, on the native grid, every time step. Typical Class 3 diagnostics are integrated quantities such as daily volume transport through chosen sections. Class3 diagnostics are designed to check the model (or system) behaviour through the physical point of view: Eulerian and Lagrangian properties of the ocean and water masses in constant evolution at short scale (e.g. strait transports) or large scale (e.g. Meridional Overturning Streamfunction, Meridional Heat Transport.)
· Class 4 metrics:

Class 1, 2 and 3 metrics can be applied to any field produced by the forecasting system (hindcasts, nowcasts or forecasts). Class 4 metrics aims to measure the performance of the forecasting system, its capability to describe the ocean (hindcast mode), as well as its forecasting skill (analysis and forecast mode) at once. All fields are evaluated using identical criteria. From the assimilation point of view, the Class 4 metrics are limited to the “observational space”, and not the “model space”. In practice, set of observations are chosen (preferably independent from those used during the assimilation procedure) to be compared to all fields that are describing the same situation: i.e., the forecast for a given day as well as the hindcast obtained later for the same day. the Class 4 metrics is built as a series of statistics obtained by computing the differences between data and model values for several fields produced by the system for each given day: hindcast, analysis, forecast, and also climatology and persistency values representing what we can have if the system is not running a given day.
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Figure 21 : Class 3 volume transport sections. In black, sections without specific class of computation on the vertical. Then, transport computed with classes: temperature (red), salinity (yellow), density (blue) and depth (green).
· Summary for Class 1, 2, 3 metrics
	METRIC  CLASS
	Daily mean values of the following variables, supplied each day, for every hindcast, and possibly nowcast and forecast from 1 to 14 days ahead :

	CLASS1
	3D FIELDS:

Temperature (K) and salinity (psu)

Zonal and meridional velocity (m/s)

Vertical eddy diffusivity (kz, in m2/s)

(*) WOA05 climatology, or other temperature and salinity regional climatologies

	CLASS1
	2D FIELDS:

Sea Surface Height (SSH) (m)

Zonal and meridional wind stress (Pa). Over sea-ice the sea ice downward x and y stress (Pa) (**)

The surface solar heat flux term (W/m2), and the Total Net Heat flux (including relaxation) into sea water (W/m2). Over sea-ice (**), the downward heat flux in air (W/m2)

Total freshwater flux (including relaxation) (kg/m2/s)

Mixed layed depth (MLD) (m). Two definitions: temperature MLD(θ) and potential density MLP(ρ).

Sea-Ice thickness (m), concentration (%), x and y velocities (m/s), surface snow thickness over sea ice (m), tendency of sea ice thickness due to thermodynamics (m/s) (**)

(*) Mean Dynamic Topography (MDT) (m), also called Mean Sea Surface Height (MSSH) (m) used as a reference sea level during the assimilation procedure.

(*) SST, surface current, MLD climatologies

	CLASS2
	Temperature (K) and salinity (psu)

Zonal and meridional velocity (m/s)

Sea Surface Height (m)

(*) Mean Dynamic Topography (MDT) (m)

(*) SST, surface current, MLD climatologies

(*) WOA05 or other temperature and salinity regional climatologies

	CLASS3
	Volume transports (m3/s)

	CLASS3
	Meridional heat transport (MHT)  (W)

Overturning  Streamfunction (OSF) (m3/s)


Table 1 : Summarizing internal class 1, 2, 3 metrics
6.4. Services :

Most of the services are provided on a case by case basis without a real pan-European approach for a core service, and denominated by a science push approach. MERSEA has adapted to the INSPIRE directive (http://www.ec-gis.org/inspire/) for the general nomenclature of its general services. Three of them are available or under construction:
· The discovery service: Making it possible to search for spatial data sets and services on the basis of the content of the corresponding metadata and to display the content of the meta-data. 

· The viewing service: Making it possible, as a minimum, to display, navigate, zoom in/out, pan or overlay viewable spatial data sets and to display legend information and any relevant content of meta-data.

· The downloading service: Enabling copies of the spatial data sets, or parts of such sets, to be downloaded and, when practicable, accessed directly.

All Mersea services are listed and described in the MERSEA Service Directory . It allows users to locate the adequate service depending on their need.
6.4.1. Discovery service:

The Discovery service makes possible to search for spatial data sets and services on the basis of the content of the corresponding metadata and to display the content. Each TEP provides Products description according to a schema that has been defined for MERSEA and that is compliant with ISO1915. Products descriptions are centralized and standardized so that users can access them in an homogeneous catalogue. An online form is provided to search the MERSEA catalogue and get relevant product description. 

A search engine is available to browse the catalogue online. The user can search products matching one or several of the following criteria:

· Product short name.

· Type (among forcing fields, in-situ or remote sensing dataset or ocean forecast).

· Parameters (category and name).

· Geographical scale (among global, regional or local).

· Geographical extent.

· Time window.

· TEP distributor..
6.4.2. Viewing service

In a viewing service:

· Data are not be directly available by the user: only images (in jpeg format or similar ones) are available.

· No specific interpretation (report) of images is given by the viewing service.

A viewing service can be either centralized or decentralized. For the first version the Mersea, a centralized tool will access to the TEP data (for a selected set of parameters and of depth) by means of OpenDap. Only gridded data are concerned.

The viewing service shows now the five areas in a uniform way, in a limited number of pages. It presents together observation and forecasting data. The second version of MERSEA viewing service will take into account the downstream services needs that are at present discussed with partners.
Almost all thematic portals provide various viewing services.
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Figure 22: Observation and Model data are viewed for one area
6.4.3. Downloading service

The MERSEA data can be accessed through FTP, OpenDAP data server, and through a centralised Live Access Server.

Each model partner implemented the OpenDAP aggregation server to make data available on Internet. The main purpose of this distribution server is to read netCDF data files and allow the "aggregation" of multiple datasets into one (virtual) dataset. 
Data dissemination via FTP is a common practice for all MERSEA TEP. Usually access request from users is necessary.
6.4.4. Ocean Indicators :

The BOSS4GMES project (Building Operational Sustainable Services for GMES, http://www.boss4gmes.eu ) aims to provide the technical, financial and contractual foundations which will enable the transition of GMES (Global Monitoring for Environment and Security) from a concept to an effective, operational programme, and, in doing so, to link GMES with key political decision makers, a broader sphere of users and the wider public. In this framework, some climate indicators have been identified and developed. They are coral bleaching, SST, SSS, heat content, temperature profiles and  upwelling. They are displayed as anomalies and long term time series. A fist version of these indicators are now available: http://www.mersea.eu.org/Indicators-with-B4G.html
7. MyOcean and the futur Marine Core Service:

With the GMES program and its Marine Core Service (MCS) fast-track, the European community is consolidating all previous efforts in pre-operational ocean monitoring and forecasting capacity in Europe developed through precursor’s projects in FP6 MERSEA and BOSS4GMES.  MyOcean is focussed on the transition from demonstration to operations as a first priority, with the final review for a “ready-for-operations” label. The MCS fast-track is to build on already existing and well coordinated pan-European research and operational oceanography capabilities to deliver real operational service infrastructure described in the GMES Marine Core Services Implementation Plan.

The MyOcean “system of systems” will be composed of a central service desk, and 12 production units  - 5 Thematic Assembly Centers, handling space and in situ observations,  and 7 Monitoring and Forecasting Centers, handling assimilative 3D modelling capacities -  spread throughout Europe, but interconnected to form an integrated system thanks to information management components and global workflow operations monitoring.
Effort will be focussed on the elaboration of the “core” information on the ocean requested for the marine-related sectors, and specifically on the value created for users by a pan-European approach and an easy access to information. MyOcean will serve as the European focal point for ocean monitoring and forecasting capacity for the EU agencies (EEA, EMSA, …) member States legally mandated agencies (weather forecasting centers, coastal and marine agencies, navies and coast guards, etc) and their conventions or environmental policy  intergovernmental or international bodies (HELCOM, ICES, OSPAR, UNEP/MAP, …). At the end of the project, a core component of the European marine core service will be running, visible and linked to users. Requirements have been provided for services to be interoperable to achieve their maximal value by combination with other geospatial services and by easy integration into users’ systems. 

MyOcean is conducted by a consortium of 61 partners wich is structured around a core team of 12 core service operators, connected to key research and development players, linked to 26 key intermediate users ready to commit to service validation and promotion; representing the whole maritime EU Member States and connected to countries across the Atlantic and around the Mediterranean and Black seas.

The MyOcean consortium proposes to deliver a pan-European MCS product and service portfolio through a robust and optimised ocean monitoring and forecasting core infrastructure. The validation process planned through a 3 year experiment will enable to organise an MCS user-driven service during a pre-operational phase with propositions addressing the MCS long-term roadmap. 
Observations, model-based data, and added-value products will be generated – and enhanced thanks to dedicated expertise – by the following production units:

· Five Thematic Assembly Centers (TAC), each of them dealing with a specific set of observation data: Sea Level, Ocean colour, Sea Surface Temperature, Sea Ice & Wind, and In Situ data. The objective of these sub-systems is to deliver observed products ready for assimilation by the MFC or packaging into final MyOcean MCS products at the service desk level.

· Seven Monitoring and Forecasting Centers (MFC) to serve the Global Ocean, the Arctic area, the Baltic Sea, the Atlantic North-West shelves area, the Atlantic Iberian-Biscay-Ireland area, the Mediterranean Sea and the Black sea. The objective of these sub-systems is to deliver modelled products ready for packaging into a final MyOcean MCS core product at the service desk level.

TAC or MFC shall set up appropriate capacities and mechanisms to ensure that the products are the best from the state of the art, are routinely and long-term qualified and packaged in the right standards. It implies that the production units should set up operational procedures and capacities for error handling back up and recovery.

	SERVICE DESCRIPTION
	PRODUCT DESCRIPTION

	Area of 

Benefits
	Users
	MFC 

Product Package
	TAC

Product Package
	Coverage
	Provider

	Area 1: Marine Safety

(marine operations, 

oil spill combat, ship routing, weather forecasting

defense, search & rescue, …)
	National Oceano°Agencies


EMSA 


Nat. Weather Prediction Centre


National Marine Safety Agencies


Maritime Transport Industry
	- baseline and standard ocean state products

- daily / hourly fields
	- SST

- sea level

- sea ice

- wind

- in situ

- daily fields
	European Basins
	All MFCs

SL, SST, SIW, IS TACs

	Area 2: Marine Resources

(fish stock management)
	ICES, FAO, EEA


Nat. Marine Res. Inst., 

Nat. Directorate of Fishery
	- baseline and standard ocean state products


- daily fields
	- ocean color

- sea ice

- wind

- in situ

- SST

- daily fields
	European Basins
	All MFCs

OC, SIW, IS , SST TACs

	Area 3: Marine and Coastal Environment

(water quality, pollution,

coastal activities, …)
	National Coastal Monitoring Agencies


EEA, EMSA

OSPAR, HELCOM, UNEP/MAP
	- baseline and standard ocean state products

- boundary and initial ocean state conditions

- re-analysis


- daily / hourly fields
	- ocean color

- in situ

- sea ice

- wind

- sea level

- SST

- reprocessing


- daily fields
	Global Ocean

European Basins
	All MFCs

All TACs

	Area 4: Climate & Seasonal

Forecasting

(climate monitoring, ice,

seasonal forecasting, ...)
	MS & EU Met Offices


EEA, OSPAR, HELCOM, UNEP/MAP


National Environmental Agencies
	- baseline and standard ocean state products

- surface to bottom


- re-analysis

- seasonal forecasting

- initial conditions


- daily / weekly / monthly / yearly fields
	- sea level

- ocean color

- in situ

- sea ice

- wind

- SST


- re-processed data sets

- daily / weekly / monthly / yearly fields
	Global Ocean

European

Basins
	All MFCs

All TACs


Table 2: MyOcean Service Portfolio 

TACs and MFCs centres will be organised to ensure three groups of activities or ‘divisions’: (i) a R&D group which can be partly internal and external to the centre; (ii) a production “unit” in charge of the production run and quality control, (iii) a service “division” in charge of service operations including bulk delivery and provision of expertise and assistance.

The European NEMO ocean modelling code (physics, ice, ecosystem) already used for the Global, North Atlantic and Mediterranean sea modelling will be used as well in the Atlantic IBI and NWS regional configurations, and considered in the Black Sea. The Global Ocean MFC will ensure a central support for the code maintenance. More generally, sharing of scientific and technical tools that could contribute to reduce the overall maintenance cost of the European system of systems will be encouraged. 

Services will be accessible through a single entry point – the service desk – that will guarantee the uniformity of the form, availability and quality of access to MCS services in each country and for each thematic. The MyOcean Service Desk is the unique front facing service interface to users of the MyOcean. It is the 24/7 MyOcean central service to users.

The MyOcean consortium will commit to provide users with operational and qualified products and services. Therefore, a Quality Management System will be implemented along all operational chains with dedicated Key Performances Indicators and Metrics (Mersea and Boss4GMES heritage.) The operational commitments – in compliance with user’s requirements – will be defined in contractual agreements between data suppliers, production units and users at the levels of procurement, production and service, respectively.
The major expected progress will be the engagement of downstream users, and long term adoption of MyOcean products and services. For sake of integration and assessment of services, several operational donwnstream service providers selected among key categories of users will be invited to participate to the project and evaluate the use and benefits of MyOcean MCS services for marine safety, management of marine resources, environmental and coastal management and climate and seasonal forecasting. The MyOcean service will be also open and accessible to any GMES downstream service provider candidate to validate the MCS service. A strong involvement from key users will enable the qualification of the MyOcean products portfolio to ensure a complete readiness towards long-term operational oceanography services in European waters.
Two key scientific challenges for MyOcean will be to broaden the scope of the operational production to include other components (such as biological properties), and to further improve the quality and reliability of ocean information in terms of scientific content. There is also an organisational challenge which will be the development and adoption by all partners of common practices, standards and quality management policies. 

8. Glossary:

	GODAE
	Global Ocean Data Assimilation Experiment. This is a pilot project

	GOOS
	Global Ocean Observing System

	EuroGOOS
	EUROpean Global Ocean Observing System GOOS

	NOOS
	Northwest shelf Operational Oceanography System

	BOOS
	 Baltic Operational Oceanography System

	MOON
	Mediterranean Operational Oceanography Network

	MERSEA
	Marine EnviRonment and Security for the European Area

	GMES
	Global Monitoring for Environment and Security

	MCS
	Marine Core Service

	NERSC


	Nansen Environmental and Remote Sensing Center

	DMI
	Danish Meteorological Institute

	INGV
	Instituto Nazionale di Geofisica e Vulcanologia

	NCOF
	National Center for Ocean Forecasting

	TEP
	ThEmatic Portals

	ECMWF
	European Centre for Medium range Weather Forecast

	Ssalto
	Segment-Sol multi-mission d’ALTimetrie, Orbitographie et localisation précise

	DUACS
	Data Unification and Altimeter Combination System

	CNES 
	Centre National d’Etude Spatiale

	IFREMER
	Institut Français de Recherche pour l’Exploitation de la Mer

	CERSAT
	Centre d’Exploitation et de Recherche SATellitaire

	IGLOOS
	Identification des Glaces Oceaniques par Observations Satellitaires

	NSIDC
	National Snow and Ice Data Center

	OGCM
	Ocean General Circulation Model

	GHRSST-PP
	GODAE High-Resolution Sea Surface Temperature Pilot Project

	SEEK
	Singular Evolutive Extended Kalman filter

	ROOI
	Reduce Order Optimal Interpolation

	TOPAZ
	Towards an Operational Prediction system for the north Atlantic and European coastal Zones

	HYCOM
	Hybrid Coordinate Ocean Model

	MFS
	Mediterranean Forecasting System

	OPA
	Ocean Parallelized Algorithm

	FOAM
	Forecasting Ocean Atmospheric Model

	POLCOMS
	Proudman Oceanographic Laboratory COmmunity Model System

	TAC
	Thematic Assembly Center

	MFC
	Monitoring and Forecasting Center

	 INSPIRE 
	INfrastructure for SPatial InfoRmation in Europe

	HELCOM
	HELsinki COMission

	ICES
	International Conference on Evolvable Systems

	OSPAR
	Oslo and PARis conventions

	UNEP/MAP 
	United Nations Environment Program / Mediterranean Action Plan

	EEA
	European Environment Agency

	EMSA
	European Maritime Safety Agency

	MIS
	Management Information System

	SOA
	State Ocean Administration of China

	CMA
	China Meteorological Agency

	CAS 
	Chinese Academy of Science

	NMEFC
	National Marine Environmental Forecasting Center

	NMEMC
	National Marine Environmental Monitoring Center

	NMDIS
	National Marine Data and Information Service

	NSOAS
	National Satellite Ocean Application Service

	PRIC
	Polar Research Institute of China

	NCSB
	North China Sea Branch of the State Oceanic Administration

	ECSB
	East China Sea Branch of the State Oceanic Administration

	SCSB
	South China Sea Branch of State Oceanic Administration

	FIO/SOA
	First Institute of Oceanography/ State Oceanic Administration

	SIO/SOA
	Second Institute of Oceanography/ State Oceanic Administration

	OUC
	Ocean University of China

	CCTV
	Chinese Central TeleVision

	 CTS 
	Chinese autonomously established Typhoon Storm surge model

	CES
	Chinese Extra-tropical Storm surge model

	CTTT
	China Tsunami Travel Time model

	CTSU
	China TSUnami model

	COMCOT
	Cornell Multi-grid Coupled Tsunami Model

	FVCOM
	Finite Volume Community Ocean Model

	CGCM 
	Coupled Global Climate Model

	CCM3
	Community Climate Model from NCAR

	MM5
	Mesoscale atmospheric circulation Model, version 5

	WRF
	Weather Research and Forecasting Model

	IODE
	International Oceanographic Data and Information System

	WAM
	Wave Analysis Model

	POM
	Princeton Ocean Model

	OVALS
	Ocean Variational AnaLysis System

	BCM
	coupled Bergen Climate Model

	MICOM
	Miami Isopycnic Coordinate Ocean Model

	CERFACS
	Centre Européan de Recherche Avancée en Calcul Scientifique

	OASIS
	Organization for the Advancement of Structured Information Standards

	TRIP
	Total Runoff Integrating Pathways

	AMOC
	North Atlantic Meridional Overturning Circulation

	NAQPMS
	Nested Air Quality Prediction Modeling System

	GEATM 
	Global Environmental Atmospheric Transport Model
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hPa LOT= 882.00
Simple ice

MRF PBL

CONTOUES: UNITS:

Model info: ¥3.6.1 Grell
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