
UNESCO-E
OLS

S

SAMPLE
 C

HAPTERS

COLD REGION SCIENCE AND MARINE TECHNOLOGY - Sea Ice In The NCEP Forecast System  - Robert W. Grumbine and 

Xingren Wu 

 

Encyclopedia of Life Support Systems (EOLSS) 

SEA ICE IN THE NCEP FORECAST SYSTEM 

 
Robert W. Grumbine and Xingren Wu 

Environmental Modeling Center, NCEP/NWS/NOAA, College Park, MD 20740, USA 

 

Keywords: sea ice, sea ice drift, global forecast system, climate forecast system, 

reanalysis 

 

Contents 
 

1. Sea ice 

2. Sea ice observing 

3. Sea ice modeling 

4. Sea ice in the NCEP mesoscale forecast system 

5. Sea ice in the NCEP real-time ocean forecast system 

6. Sea ice drift model at NCEP 

7. Sea ice in the NCEP global forecast system 

8. Sea ice in the NCEP climate forecast system model 

9. Outlook for future development 

Glossary 

Bibliography 

Biographical Sketch 

  

Summary 
 

The treatment of sea ice in the National Centers for Environmental Predictions (NCEP) 

forecast system is described in this chapter. It summaries of how sea ice is handled in 

the mesoscale, real-time ocean, global and climate forecast system are given. Sea ice 

analysis and reanalysis, and sea ice drift model at NCEP are also described. 

 

1. Sea Ice 

  

Sea ice is frozen seawater. It forms when water temperatures reach their freezing point 

and it then floats on its own liquid phase. It covers approximately 7 percent of the 

world’s oceans and accounts (in areal extent) for nearly two-thirds of the earth’s ice 

cover (Washington and Parkinson 1986). The structure of sea ice in the Polar Regions is 

complex and includes many types, such as first-year ice, multiyear ice, frazil ice or 

grease ice. 

 

Sea ice interacts strongly with both the atmosphere above and ocean underneath at high 

latitudes. The extent of sea ice is mainly influenced by, and has a significant effect on, 

the energy at the surface and ocean-atmosphere energy exchange. One of the most 

important factors influencing the structure of ice during the melting phase is the total 

radiation. Another important factor influencing ice melting is the air temperature. On 

the other hand, a sea ice cover significantly reduces the amount of solar radiation 

absorbed at the earth’s surface due to the marked changes in the surface albedo. The 

presence of extensive area of sea ice suppresses heat gain by the ocean in summer and 

heat loss by the ocean in winter. Therefore, the changes in sea ice extent regionally and 
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globally influence oceanic and atmospheric conditions, which in turn influence the 

distribution of sea ice (Zwally et al. 1983). The formation of sea ice by freezing, the 

deformation of sea ice by winds and ocean currents and the ablation of sea ice are all 

interactive physical processes. These involve turbulent (sensible and latent) heat 

transfer, wind stress, ocean heat flux, ocean currents, ice drift, solar radiation, cloud 

cover, and other factors. 

 

Sea ice is an important, interactive component of the Earth’s climate and weather 

system. It has been shown to play a significant role in global climate and weather and 

affects and reflects global changes of the atmosphere and oceans. The relationship 

between sea ice and climate/weather is complex. The importance of sea ice for global 

climate and weather has been well noted several decades ago (e.g. Walsh and Johnson 

1979). 

 

In view of the varied impacts of the atmosphere, ocean and sea ice on each other, a 

productive approach to understand these complex interactions is to use coupled 

numerical models, which include atmosphere, hydrosphere and cryosphere interactively. 

Coupled numerical models have been widely used for the study of climate and climate 

changes, and have been moved towards climate and weather prediction. 

 

 2. Sea Ice Observing 

 

Sea ice models require a starting point, preferably observational. The best-observed 

quantity is total sea ice concentration (fraction of an area that has some sea ice 

coverage). Sea ice thickness is observed locally from ships and planes, and by upward-

looking sonar on submarines or moorings. At large scale, satellites observe sea ice 

thickness by laser or radar altimetry. The sea ice velocity field is also an important 

quantity, but is not well-observed in near real time. The International Arctic Buoy 

Programme buoys are sparse and Arctic-only. Furthermore, satellite-derived ice 

velocities (e.g. Ardhuin and Ezraty 2012) lag real time. Fortunately, this variable, at 

least, is not crucial for forecasts, as ice equilibrates with its forcing within about 12 

hours. 

 

Sea ice concentration for National Centers for Environmental Predictions (NCEP) 

weather and ocean forecast models is derived from passive microwave observations 

(Special Sensor Microwave Imager, Special Sensor Microwave Imager Sounder, 

Advanced Microwave Scanning Radiometer) using the National Aeronautics and Space 

Administration Team-1 Algorithm (Cavalieri et al. 1992), Team-2 Algorithm (Markus 

and Cavalieri 2000), and NCEP regression against either. See Grumbine (1996) for the 

original operational implementation, and Grumbine (2014) for the history of operational 

systems since that time. The passive microwave observations provide daily, global 

coverage, at approximately 12 km resolution. This is not a limit for models such as the 

Global Forecast System (GFS), but is a factor for ice conditions in the mesoscale 

forecast system, with its 4 km grid spacing. For this reason, the mesoscale system (the 

North American Model (NAM)) uses the Interactive Multisensor Snow and Ice 

Mapping System (IMS) analysis (Chen et al. 2012). 
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Climate reanalysis projects, including that which was involved in the Climate Forecast 

System (CFS) version 2 (CFSv2) (Saha et al. 2014), require sea ice observations as 

well. Concentration fields have been constructed for the NCEP/NCAR Reanalysis (one 

degree and half degree (Kalnay et al. 1996)), the North American Regional Reanalysis 

(32 km, (Mesinger et al. 2006)), and the CFS reanalysis (CFSR, half degree, (Saha et al. 

2010)). The sea ice analysis produces a global record of sea ice concentration for the 

CFSR for all points that may freeze anywhere in the globe. This is done daily on a grid 

of 0.5 degree latitude-longitude resolution throughout the period of the CFSR. When 

there are discontinuities in the production of the data set, newer data sets and newer 

methods are used. 

 

The most recent ice for climate reanalysis is that from the CFSR (Saha et al. 2010). For 

1979 to 1996, the sea ice concentrations for most of the globe are regridded from 

Cavalieri et al. (1996, updated 2007) (Goddard Space Flight Center Ice), except for (i) 

possibly ice-covered regions that lie outside that grid, (ii) large Canadian lakes, (iii) the 

Great Lakes, and (iv) sea surface temperature-based filtering of erroneous ice in the 

analysis. For the Great Lakes, the data used are Assel et al. (2002) from 1979 through 

the end of the data set in Spring, 2002, and passive microwave thereafter. Those grids 

are available 1-3 times per week throughout the period they are available. 

Concentrations were linearly interpolated between the observation dates, and those 

interpolated values are used here, averaged on to the target 0.5 degree grid from the 

native 2.55 km Mercator projection. For large lakes in Canada, the Canadian Ice Service 

(CIS, personal communication) analyses were used for all lakes which were analyzed 

from November 1995 through October 29, 2007 (initially 34, in November, 1995, 

increasing to 137 by October, 2007). From October 30, 2007 onwards, the 

concentrations are the operational NCEP passive microwave sea ice concentration 

analyses. 

 

Due to the lack of observations of sea ice thickness covering the CFSR period, a sea ice 

merging scheme is used in the CFSR to add sea ice concentration into the system, 

instead of comprehensive sea ice data assimilation. The 6-hour model guess field and 

the analyzed sea ice concentration are used to produce a new initial condition. During 

the merging process, a quality control is applied to prevent the failure when there is a 

feedback between the ice analysis and the SST analysis. This is done on the sea ice 

model grid after the interpolation (regridding) is performed for SST and sea ice 

concentration. When the SST from the analysis is warmer than 275.3 K, or the sea ice 

concentration from the analysis is less than 15%, no sea ice is allowed to exist, so sea 

ice is removed from the CFSR initial condition. When the sea ice concentration from 

the analysis is greater than (or equal to) 15% and the SST is not warmer than 275.3 K, 

the CFSR initial sea ice concentration is reset to the analyzed value. If the model guess 

contains more sea ice, thin ice is removed first before thicker ice. In summer, the melt 

pond effect on ice albedo is considered (Mark Serreze and Hua-Lu Pan, personal 

communication at CFSR Advisory Board Meeting), which is done for the Arctic sea ice 

cover north of 70
o
N only. When there are serious problems for sea ice concentration 

data from analysis, we only use model predictions. This happens for May 1-13, 2009. 

 

- 
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