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Abstract 
IOMASA aims to improve the analysis and forecast of the Arctic weather and sea ice 
conditions using an integrated approach including (1) remote sensing of the atmospheric 
parameters temperature, humidity and cloud liquid water, (2)  improved remote sensing 
of sea ice with more accurate and higher resolved ice concentrations, and (3) improving 
numerical atmospheric models by assimilating the results of  the first two points. The 
usefulness of the concept will be shown in a demonstration phase with near-real time 
processing and online data distribution.  
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1 Introduction 
At present, the polar regions belong to the regions of which the least information is 
available about the current and predicted states of surface and atmosphere. Because of 
sparse observations, we only have at a rough quality weather forecasts for northern 
Europe, and ice charts for the ice frequented waters of the European Arctic.  The 
objective of IOMASA started in October 2002 is to improve our knowledge about the 
Arctic atmosphere by using satellite information which is continuously available, but 
currently not exploited. This progress will be achieved through an integrated approach 
involving the following 4 points (the outcomes of each point serving to improve the 
other ones): (1) remote sensing of atmospheric parameters temperature, humidity and 
cloud liquid water over sea and land ice, (2) improved remote sensing of sea ice with 
more accurate and higher resolved ice concentrations (percentage of ice-covered sea 
surface), (3) improving numerical weather prediction (NWP) models by assimilating the  
results of the points 1 and 2, and (4): in order to prove the usefulness of this concept, a 
real time processing set-up and a user interface will be demonstrated. The following 
chapters are organized according to the first three points. 
We expect from IOMASA progress in the fields of (1) weather forecast for northern 
Europe, (2) ice charts for the ice frequented waters of the European Arctic, and (3)  the 
estimation of the fraction of open water in the higher Arctic which is very important for 
the total heat budget of the region, affecting both local and regional weather and 
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climate.  The heat exchange between the ocean and the atmosphere is about two orders 
of magnitude larger when no ice is present.  

2 Remote sensing of atmospher ic parameters over  ice 
A recently proposed procedure to retrieve the total water vapour (TWV) in the range of 
0 to 6 kg/m2 over Antarctic sea and land ice from data of the microwave humidity 
sounder SSM/T2 will be transferred (1) to the similar sensor AMSU-B (part of ATOVS 
aboard the NOAA satellites) and (2) to Arctic conditions. Both sounders each have two 
window channels at 89 and 150 GHz together with three humidity channels at 183.31 ± 
1.0 GHz (ca 300 hPa),  ±3.0 GHz (ca 500 hPa) and  ±7.0 GHz (ca 700 hPa).  A sample 
Antarctic result of the procedure is shown in Figure 1, together with a comparison to the 
ECMWF field of the same day. Figure 1 demonstrates the unprecedented capability to 
deliver daily measured values of the low TWV values over Antarctica. The rough 
structures agree with the model output which represents physical interpolations of the 
few radiosonde stations around the Antarctic coast. However, the satellite-derived map 
shows many more details. The comparison with AVHRR images has shown that e.g. the 
high TVW values near the east coast of the Antarctic peninsula are related to a low 
pressure system which is completely missing in the model (Miao et al., 2001). 
 
Fields of the cloud signature (roughly the cloud liquid water) will be derived from 
SSM/I (Special Sensor Microwave/Imager) data after transferring the method originally 
derived for the Antarctic to Arctic conditions (Miao et al., 2000).  
A method to improve the retrieval of temperature profiles from microwave sounders 
working in the oxygen absorption band near 60 GHz (e.g. AMSU-A, SSM/T1) by 
including surface emissivity information  at the frequencies and incidence angles of the 
sounder  in regions (partially) covered by sea ice (Miao et al., 1995) will be adapted to 
direct assimilation and Arctic conditions. 

3 Remote sensing of sea ice 
3 .1 Sea ice concentration retr ieval  
Ice concentration retrieval algorithms using SSM/I are well known and have been used 
for the last 20 years (e.g. Comiso et al. 1997). Work in recent years has concentrated on 
the optimisation of tie points, which are fundamental for sea ice concentration retrievals, 
as well as on the correction for the atmospheric influence (Andersen, 1998; Andersen, 
2000; Kern 2001; Breivik et al. 2001). An example of the impact of the atmospheric 
correction scheme is given in Figure 2. Current SSM/I based algorithms are capable of 
retrieving sea ice concentration with an accuracy of only ± 5-10%, which results in 
corresponding inaccuracies in ocean/atmosphere fluxes. These fluxes vary dramatically 
with the addition of even small areas of open water in the form of leads and polynias 
within the consolidated ice cover. This in turn affects the performance of NWP models. 
Thus it is crucial that the sea ice cover is represented correctly.    
The primary objective will thus be to improve the ice concentration retrieval in regions 
where  the above-mentioned leads and polynias occur. This will be carried out 
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Figure 1:Total water vapour over Antarctica from ECMWF (left) and the humidity 
sounder SSM/T2 (right). 
 

 

 
Figure 2: Ice concentration retrievals based on atmospherically corrected and 
uncorrected SSM/I brightness temperature data from April 15 2002. a)Uncorrected 
Bootstrap and b) based on corrected SSM/I data. 
 
 way of (1) improved accounting for the atmospheric contribution to the satellite-
measured radiances and backscatter values, and (2) improved knowledge of the ice 
surface type which allows a more accurate specification of reference radiative 
properties, also known as tie points, that span the scale of ice concentrations. This will 
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be obtained mainly from the surface emissivity and backscatter models (next section) in 
combination with synergies between Quikscat and SSM/I. 
The sea ice concentration algorithm developed is envisaged to take into account relevant 
parameters describing the radiative transfer in the atmosphere and ice/ocean surface. In 
connection with the development of the EUMETSAT Satellite Application Facility 
(SAF) on Ocean and Sea Ice, correction methods for SSM/I brightness temperatures 
based on NWP model output have been applied with good results and are being used 
operationally (Andersen, 2000; Breivik et al., 2001). More specifically, using NWP 
model estimates of surface wind and integrated water vapour content, it has proved 
possible to reduce the standard deviation of the SSM/I derived sea ice concentration 
estimates by 5-15% while reducing the bias to ±2%. This method will be adopted and 
possibly improved, e.g. by a more accurate specification of surface emissivity in the 
radiative transfer calculations. In light of recent advances in NWP and ocean model 
applications, the use of 85 GHz information will be considered in the development to 
optimise resolution. However, due consideration will be given, so as not to sacrifice 
precision of the concentration estimate. This is envisaged through the identification of 
conditions where a fail over to lower resolution methods with better signal to noise ratio 
would be preferable. 
 
The important sea ice information obtained from Quikscat is the differentiation of 
various ice surface types (Ezraty and Cavanie, 1999 ; Grandell, 1999; Tonboe, 2001). 
However, a major problem for ice retrieval from scatterometer data is the influence of 
the surface wind particularly  in mixtures of sea ice and open water. It is planned to use 
the knowledge gained from the atmospheric correction of SSM/I data to improve the 
reliability of ice type retrievals by correcting them for the influence of winds as 
obtained from NWP models and current Ku-band wind model functions. Subsequently 
emissivity and backscatter models developed in the project will be combined with sea 
ice type information using state-of-the-art synergetic data combination techniques to 
further improve the sea ice concentration estimates.  

3.2 Empir ical model for  emissivity and backscatter  of sea ice 
All algorithms to quantitatively derive ice concentrations from satellite passive 
microwave observations of the polar oceans rely on so-called tie points that are the 
expected signatures of 100% pure surface types. The most common algorithms utilizes 
the signatures of ice free water, first-year ice and multi-year ice in order to calculate the 
relative amounts of these three surface types within the resolution cell. Unfortunately 
these signatures (tie points) are not constant in space and time. The microwave signature 
of the ice free water depends on the roughness and whitecapping of the water surface, 
and thus on the local surface winds. Similarly, the signatures of the ice surfaces depend 
on ice surface properties such as snow cover, deformation (roughness), salinity. In 
addition, at lower salinities microwaves penetrate into the ice volume, and volume 
effects such as particle size and salinity become important as well.  We will apply time 
series analysis of satellite data to establish an empirical model that relates the temporal 
evolution of the brightness temperatures to sea ice parameters.   
Ultimately, a physical model relating known or unknown sea ice parameters to 
microwave brightness temperatures will be used in the derivation of ice, atmosphere and 
ocean parameters from the satellite measurements. The model will be based on the 



 5

microphysical snow and ice emissivity model Fuhrhop et al. (1998), in combination 
with the empirical model from above.  
In 2002, the two passive microwave sensors AMSR-E and AMSR have been launched 
aboard the AQUA (NASA) and ADEOS-2 (NASDA) platforms, respectively. In 
comparison to SSM/I, they both have similar channels, but the spatial resolution is 
increased two to three times. Moreover, there are additional channels at 6.9 and 
10.6 GHz. The potential of improvement to be expected when shifting from the passive 
microwave sensors SSM/I(S) to AMSR(-E) will be assessed.   

4 Improving Numer ical Weather  Prediction Models 
The improved knowledge about the Arctic can help to improve numerical weather 
prediction (NWP) models by means of data assimilation. This should result in improved 
forecasts of clouds and precipitation in the Arctic and surrounding areas. 
A significant part of the forecast errors in NWP comes from errors in the initial state, 
and in particular from the lack of observations of the atmospheric state in remote areas 
over oceans and polar ice caps. Especially short range forecast with high resolution 
limited area models (horizontal resolution of 20 km or better) should benefit from the 
higher density of high latitude passages for polar orbiting satellites. 
In this project the HIRLAM model will be used for NWP. HIRLAM is used 
operationally by all Scandinavian weathers services. It is typically run up to 48 hours 
with a short cut-off time for observations in order to obtain fast availability for 
operational forecasters. The timeliness requirement for AMSU data will be met by the 
new EUMETSAT redistribution service. It will provide near real-time access to AMSU  
observations from a large part of the Arctic and is devoted to this kind of limited area 
modelling. Satellite remote sensing data from microwave channels from the ATOVS 
sensor package, AMSU-A for temperature and AMSU-B for humidity, play an 
important role in the meteorological observing system. 
 
4.1 Assimilation of atmospher ic humidity over  sea ice 
Today the use of such data is limited over ice. A main goal in this project is to enhance 
the use of ATOVS data by also considering ice-covered surfaces. Since the Arctic 
atmosphere is rather dry, the surface will often influence the measurements and 
therefore a good description of the surface characteristics in terms of ice concentration 
and emissivity is necessary. The temperature dependence also calls for co-located 
temperature measurements so that the humidity information is assimilated in a 
consistent way. Such requirement constitutes a good example of the need for integrated 
processing of sea ice emissivity, atmospheric temperature and humidity which is one of 
the goals of the IOMASA project.    
 
4.2 Sur face heat flux modelling 
 A closed sea ice cover reduces the heat flux by up to two orders of magnitude, with 
small openings contributing significantly to the atmospheric heat budget. Present 
operational NWP models applied to Arctic regions covered with sea ice only use 
information about the ice edge. Areas within the ice edge are assumed to be completely 
covered with ice. This can lead to large errors in surface fluxes in areas where open 
water is present, degrading the quality of Arctic forecasts. 
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Recently the surface scheme in HIRLAM has been replaced by a new one that allows a 
surface grid square to be divided into tiles with different characteristics, e.g. conditions 
for fluxes. This opens up the possibility to remove the rigid assumption of a grid square 
being either covered with or free from ice. Instead, fluxes from open water and ice 
surfaces can now be treated in a consistent way.  
The HIRLAM NWP surface heat flux formulation in the Arctic will be improved by 
replacing the current assumption of full ice coverage with more realistic ice 
concentrations from remote sensing. As one result, a near real-time data flow will be set 
up to make recent ice concentration estimates available at the start up of each HIRLAM 
run. 
 
Furthermore, a new formulation for the calculation of surface fluxes in vertically stable 
planetary boundary layer conditions, with influence from gravity wave oscillations  will 
be applied. This new formulation is expected to be of particular importance in the 
Arctic, due to the dominance of stable boundary layer conditions in that region.       

4.3 Assimilation of temperature sounder  data over  sea ice 
The main source of problems here is the inability to account for the surface contribution 
to the measured radiances. This has been circumvented by only using AMSU-A 
channels responding on the upper troposphere over the Arctic icecap or by introducing a 
very strict quality control which rejects observations where the discrepancy between the 
measurement and that simulated using NWP forecasts is too large, causing only a 
fraction of the observations to be used. 
We will improve the use of these data over ice by accounting for the surface 
contribution by applying information on ice concentration and emissivity. This will be 
done by implementing algorithms for ice concentration and sounding-channel ice 
emissivity for near-real-time processing. It will be interfaced to a fast radiative transfer 
model to allow forward computation of AMSU-A and AMSU-B sounding channel 
radiances for use in a data assimilation system. We expect that this will enable us to use 
surface channels over ice and get benefit from a much larger fraction of the AMSU-A 
observations than before. 
Another problem for optimal assimilation of the AMSU observations is that cloud liquid 
water (CLW) is not being assimilated in the NWP model.  Therefore, in the data 
assimilation  procedure, observations highly influenced by CLW must be detected and 
should be rejected before use. A quality check using cloud liquid water estimates must 
therefore be developed and applied before assimilation. A candidate for this check is the 
cloud signature procedure of section 2.  
The extended use of sounding data over sea ice is expected to give a positive impact on 
the forecasts, particularly over the Arctic region. The effect of the assimilation will be 
validated by performing an experiment with two parallel model cycles - one with and 
one without use of sounding channels over sea ice. The validation will involve case 
studies of weather phenomena of particular interest (for instance severe weather) as well 
as studies of average improvements in forecast skill verified against time series of 
observations near the Arctic. 
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 5 Conclusions 
The improved knowledge about the Arctic environment will be available to users of 
many kinds. On a large scale, the models can be embedded in large-scale GCMs (global 
circulation models) to predict global climate change, while on a smaller space scale and 
shorter time scales they will be used to improve operational forecasting of weather, ice 
and ocean conditions, helping to reduce risks and costs of Arctic operations as well as to 
improve the living conditions of all members of the Arctic population. 
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