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Abstract  Arctic Intermediate Water (AIW), advected from the North Atlantic Ocean, has a potential influence on climate in the 
Arctic region, but is poorly simulated in coarse resolution models. In this study, a coupled ice-ocean model is used to investigate 
features of AIW by conducting two sensitivity experiments based on Neptune parameterization and horizontal resolution. The re-
sults show that both experiments improve the modeling of temperature profiles in the western Eurasian Basin, mainly as a result of 
more realistic volume and heat transport through the Fram Strait. Topographical flows are well reproduced using Neptune parame-
terization or a finer horizontal resolution. In the eddy-permitting model with relatively higher resolution, the velocity field is more 
realistic than in the Neptune parameterization model, and complex inflow and outflow belts of barotropic structure are well repro-
duced. The findings of this study suggest that increased model resolution, as provided by an eddy-resolving model, is needed to 
reproduce realistic circulation and thermohaline structure in the Arctic, since the Rossby radius of deformation is only several 
kilometers in the Arctic Ocean. This paper focuses on the external heat input rather than internal mixing process, and obtains a 
conclusion that the heat input from the Fram Strait is a main factor to reproduce AIW in the Eurasian Basin successfully, at least for 
the western part. 
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1  Introduction* 

The Arctic Ocean is the most active region under the global 
warming scenarios in last few decades, and changes in the 
Arctic Ocean can be considered as a good indicator of 
global climate change according to IPCC AR4 (the Fourth 
Assessment Report of the Intergovernmental Panel on Cli-
mate Change)[1]. The Arctic Ocean has undergone many 
changes including a reduction in sea ice extent[2], and re-
treat of the cold halocline followed by a partial recovery[3-4]. 
Arctic Intermediate Water (AIW), usually known as the 
Atlantic Water Layer in the Arctic Ocean, lies at a depth of 
150–1 000 m throughout the Arctic Ocean, and is charac-
terized by relatively high temperatures of above 0℃[5]. This 
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relatively warm water mass comes from the Nordic Seas 
with huge heat content and sinks to intermediate depths in 
the Arctic Basin. It is isolated by a strong halocline i.e. 
pycnocline, so the upward heat flux is restricted to ~2–    
4 W∙m-2[3,6]. However, AIW does have an effect on sea ice 
and may influence surface sea ice distribution[5,7]. If the 
large amount of heat contained in AIW was convected up to 
the surface, there would be no sea ice in the Arctic Ocean, 
even in winter[8]. 

Atlantic Water enters the Arctic Ocean by two path-
ways. The main branch, the Fram Strait Branch (FSB), 
passes through the Fram Strait, which is the only deep con-
nection between the Arctic Ocean and the Atlantic Ocean. 
The second branch, the Barents Sea Branch (BSB), passes 
through the Barents Sea Opening[9-11] (Figure 1). The BSB 
undergoes significant diffusion and convection processes in 
the shallow shelf Barents Sea, and most of the heat content 
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is lost before entering the Eurasian Basin through the St. 
Anna Trough[12]. This colder water mass lies below the FSB 
because it has a higher density. Atlantic Water moves cyc-
lonically at the intermediate depth along the shelf slope 
around the entire Arctic Basin, forming the Arctic Circum-
polar Boundary Current (ACBC)[10,13]. 

 
Figure 1  Bathymetry (m) of the Arctic Ocean in the ORCA1 
grid area. The white dot is the location of station A. Green lines 
represent the Fram Strait (FS) and Barents Sea Opening (BSO). 
YP is the Yermak Plateau, and SV is the Svalbard. 

Due to a relative lack of in situ observations in polar 
regions, numerical models are important tools for investi-
gating changes in the Arctic. The Arctic Ocean Model  
Inter-comparison Project (AOMIP), established in 2001 by 
scientists from eight countries, aims to compare perform-
ances of the Arctic Ocean models and reduce scientific un-
certainties[14-15]. At the start of the project, the modeled cir-
culation at the intermediate depth did not reflect the tradi-
tional understanding of the flow pattern derived from sparse 
observational data[14]. Half of the models reproduced a cyc-
lonic circulation, while the other half showed an anti-
cyclonic circulation. Many improvements have been made 
to Arctic Ocean modeling over recent years, including the 
incorporation of potential vorticity (PV) flux[16] and Nep-
tune effect parameterization[17-19]. The Neptune effect, first 
described by Holloway[17] and developed by Polyakov[19], 
has been included in models to generate a stable cyclonic 
circulation[20-21]. Neptune parameterization adds an explicit 
term in momentum equations as an entropic forcing so the 
topography provides a driving force as a result of 
eddy-topography interaction. It has been reported that 
ocean circulation is more realistic with Neptune parame-
terization in many regions throughout the world, according 
to data from ocean current meters[22]. However, the water 
properties have been poorly reproduced in AOMIP mod-
els[15]. The core temperature of the Atlantic Water is either 
too high or too low, or the depth is incorrect, although some 
models do generate a realistic circulation. There have been 

few studies published on the simulation of AIW and re-
searchers have encountered various problems in modeling 
this water mass (personal communications at the AOMIP 
2011 workshop). In this paper, we use a coupled ice-ocean 
model based on NEMO (Nucleus for European Modeling of 
the Ocean) to study Atlantic Water in the Eurasian Basin. 
Two sensitivity experiments were conducted, one using 
Neptune parameterization, and the other using a model with 
a high horizontal resolution, and the outputs were compared 
with a baseline run. A detailed description of the models 
will be presented next, and the problems of modeled AIW 
in the baseline run will be discussed. Then the improve-
ments obtained by the Neptune run and high resolution run 
will be illustrated. Finally, remaining deficiencies in the 
two sensitivity experiments and some possible solutions 
will be discussed at the end of this paper.  

2  Model description  

The model used in this study is a coupled ocean-ice model 
based on NEMO 2.3[23], and includes an ocean general cir-
culation model OPA  (Ocean PArallelise)[24] and a simple 
ice model LIM (Louvain-la-Neuve Sea Ice Model) version 
2[25]. The model domain is global and the two horizontal 
grids used, ORCA1 and ORCA025, are from the National 
Oceanography Centre, Southampton, UK. ORCA1 is a 
tri-polar nominal 1-degree grid (35–60 km in the Arctic) 
with finer resolution at equator and the Arctic. ORCA025 is 
similar to ORCA1 with the same position of three poles but 
a 0.25-degree grid (6–18 km in the Arctic). More details 
about ORCA grids can be found on the website: 
http://www.noc.soton.ac.uk/nemo/. For ORCA1, the verti-
cal coordinate used is a z-level 46-layer grid and for 
ORCA025, the vertical coordinate is a z-level 50-layer grid 
(finer resolution near surface). The thickness of layers in-
creases from the surface to the bottom (6 m and 1 m at the 
surface for the ORCA1 46-layer and ORCA025 50-layer 
grids, respectively, increasing with depth to 40 m for both 
ORCA1 and ORCA025 at 220 m). Li et al.[26] used a 
76-layer grid and obtained results similar to those obtained 
using a 46-layer grid (ORCA1, as used in this study). They 
suggested the impact of the vertical resolution on AIW 
simulation can be omitted. 

Surface forcing is obtained from the Ocean Model  
Inter-comparison Project (OMIP) version 3, based on 
ERA-40. The forcing incorporated daily climatology in-
cluding 2 m air temperature, wind stress, cloud fraction, 
and relative humidity. No restoring to sea surface tempera-
ture (SST) is applied, but sea surface salinity (SSS) is re-
stored to the climatology on a 15-day time scale. 

The model starts in January with the initialization of 
climatological temperature and salinity from Polar Hydro-
graphic Climatology (PHC) 2.1[27]. Where the SST is below 
0℃, sea ice is initialized by a uniform thickness of 3 m and 
1 m for the Northern and Southern Hemispheres, respec-
tively, and snow is initialized by 0.5 m and 0.1 m in the 
Northern and Southern Hemispheres, respectively.  
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The vertical diffusivity and viscosity are computed 
from a 1.5-order turbulent closure scheme (turbulent kinetic 
energy, TKE). Isopycnal diffusion and eddy-induced tracer 
advection are applied according to GM90 (Gent and 
McWilliams[28]) with a diffusivity depending on the grid 
area, as recommended by Hunke et al.[29]. Eddy-induced 
advection is set to zero for the model using the ORCA025 
grid. The time step is 3 600 s for the model using the 
ORCA1 grid and 1 200 s for the model using the ORCA025 
grid, and the ice module is called every five steps. The 
models are run for 10 a driven by the OMIP forcing. Re-
sults for the early years are considered as spin-up time and 
the results of the last year are used for analysis in this paper. 
The viscosity and diffusivity differ between ORCA1 and 
ORCA025 due to different resolution.  

There are three runs in total. The model grids and 
other details are presented in Table 1. Run A is the baseline 
run as described above, run B incorporates Neptune param-
eterization, and the vertical grid in run C has a higher hori-
zontal resolution of 0.25 degree compared with 1 degree 
used for run A and run B. In this study, we focus on the 
impact of Neptune parameterization and the potential effect 
resulting from the increased horizontal resolution.  

Table 1  Details of the model runs in this study 
 Baseline  

(run A) 
Neptune  
(run B) 

025 run  
(run C) 

Horizontal grid ORCA1 ORCA1 ORCA025
Vertical levels 46 46 50 
Initial T & S  

(interpolated into each grid)
PHC2.1 PHC2.1 PHC2.1 

Surface forcing  
(interpolated into each grid)

OMIP v3 OMIP v3 OMIP v3 

Neptune effect No Yes No  
 

3  Temperature profile 

Li et al.[26] discussed the problem involved in modeling 
AIW in the Eurasian Basin. The most unsatisfactory results 
obtained from modeling of AIW were at the slope of the 
Eurasian Basin. In that paper, the temperature evolution in a 
time-depth plot at a location on the slope (station A, shown 
in Figure 1) was presented. Heat content was gradually lost 
during a 10-year model run and the model output showed 
excessive vertical mixing, caused by isopycnal diffusion, at 
a scale 100 times larger than estimated from observations in 
the Eurasian Basin. The problem was not solved by simply 
suppressing this parameterization, which implied that is 
was complex and caused by many factors. In this study, we 
focused on the sensitivity of heat input from the Atlantic 
Ocean rather than the mixing parameterization in the Arctic 
Ocean. The model we used was similar to that used by Li et 
al.[26], and detailed information on the model and model 
performances can be found in that paper. 

Figure 2 shows temperature profiles from three runs at 

station A (Figure 1), the same station used by Li et al.[26]. 
After being driven by climatological forcing for 10 years, 
the baseline run A driftes from PHC. The Atlantic Water 
Core Temperature (AWCT), defined as the temperature 
maximum below halocline, is nearly 1℃ below that ob-
tained from PHC and the depth of the AWCT is biased by 
about 200 m. In other words, nearly half of the heat content 
of AIW referring to 0℃ is lost in this 10-year climatologi-
cal run. However, below 800 m, the temperature in the 
baseline run is higher than that in PHC. This may partly be 
a consequence of excessive vertical mixing caused by the 
GM90 parameterization[26]. This problem exists in the 
whole Eurasian Basin, especially along the slope, and we 
selected this station because it is significant in the region.  

 
Figure 2  The annual mean temperature profiles at station A for 
the 10th year of the model run. 

The simulated AWCT is significantly improved in run 
B using Neptune parameterization. The AWCT and its 
depth are well represented, although the Atlantic Water 
Layer is slightly thicker. The simulated AWCT in the higher 
horizontal resolution run C is 0.6℃ higher than that in 
PHC, but the depth agrees well with the PHC. Therefore, at 
this station, run B and run C can reasonably reproduce the 
vertical distribution of temperature of AIW. 

4  Circulation 

It has previously been reported that Neptune parameteriza-
tion can improve the simulation of the ACBC[15,17-19], and 
this is confirmed in this study (Figure 3). The ACBC is not 
quite clear in run A (Figure 3a), especially in the Canada 
Basin. In run B, a stable cyclonic circulation can be repro-
duced, which was inferred from lots of thermohaline ob-
servations[9]. 

Even without Neptune parameterization, run C with a 
higher horizontal resolution reproduces a stable and more 
energetic cyclonic circulation at the intermediate depth 
(Figure 3c), indicating that the ACBC is possibly a topo- 
graphy-steered flow. Finer resolution topography as used in 
run C can better represents realistic topography with 
stronger water depth gradients at the shelf break, which is 
an important factor in Neptune parameterization, resulting 
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in a good representation of the ACBC. The interaction be-
tween eddies and topography can also play a significant 
role in this process, and this is achieved using the 
high-resolution eddy-permitting model. Neptune parame-

terization improved the model with a coarse resolution al-
though the Atlantic Water inflow is underestimated, as dis-
cussed in the following section. 

 
Figure 3  Annual mean circulation at 452 m for the 10th year of the three model runs: baseline run (a), Neptune parameterization run (b), 
and high horizontal resolution run (c). 

Topostrophy has been used as a method to evaluate 
modeled ocean circulations[19,29-30]. It is usually defined as: 

f V Dτ = × ⋅ ∇  

where f is the vertical Coriolis factor, V is the velocity vec-
tor of the model output, and D is the total depth. Positive 
topostrophy means flow is with shallower water to the right 
(cyclonic) in the Northern Hemisphere and with shallower 
water to the left (anticyclonic) in the Southern Hemisphere. 
Therefore, the direction of circulation can be readily deter-
mined by calculating topostrophy, which is especially use-
ful for assessing flow around the basin margin. 

Run B and run C accurately reproduce the topogra-
phy-steered flow in the Greenland―Iceland―Norwegian 
(GIN) Seas and the Arctic Ocean (Figure 4b and 4c). Main 
improvements compared with the baseline run A (Figure 4a) 
include the identification of the West Spitsbergen Current 
(WSC), the East Greenland Current (EGC), the ACBC 
along the Canada Basin margin, and the re-circulation at the 
Lomonosov Ridge. The WSC is the main heat source for 
AIW. It carries warm and salty Atlantic Water into the Arc-
tic Ocean through the Fram Strait. Once the Atlantic Water 
enters the Arctic Ocean, it sinks under the halocline then 
gradually loses heat by diffusion. The findings of this study 

suggest that the probable reason for the failure to reproduce 
AIW in run A is the lack of heat input from the Atlantic 
Ocean. 

5  Transport of the Atlantic Water inflow 

Atlantic Water enters the Arctic Ocean by two pathways 
that split in the Norwegian Sea. We set two sections (Figure 
1) close to areas with available in situ observations to ex-
amine the heat transport from the Atlantic Ocean. The Fram 
Strait section (FS) is an x-direction model grid section in 
almost the same position as moorings studied by Schauer et 
al.[32]. The Barents Sea Opening section (BSO) is along the 
20 degree meridian east as described by Skagseth et al.[33]. 
Note that for analysis, the model outputs are interpolated 
onto the sections using bilinear interpolation. 

Observations were from different years and seasons 
and the transport through these major sections demonstrated 
significant interannual variability. The Fram Strait is the 
main pathway for warm Atlantic Water moving into the 
Arctic. Its volume transport is ~5 times larger than that of 
the BSO (Table 2) but the heat transport through these two 
segments is similar because the temperature of the inflow is 
higher at the BSO, which lies closer to the Atlantic Water 
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source. The BSB follows a long and meandering path be-
fore entering the Eurasian Basin in the shallow Barents Sea, 
a shelf sea with water depth of less than 500 m, usually free 
of ice even in winter, making it an area of energetic air―sea 

exchange. Most of the heat content in the BSB is lost to the 
surface and the atmosphere. Wang et al.[12] estimated that 
89% of heat in the BSB was lost before entering the Eura-
sian Basin. 

 
Figure 4  Annual mean depth-integrated topostrophy between 150–950 m for the 10th year of the three model runs.

Table 2  Annual mean volume and heat transport inflow (north-
ward) through the Fram Strait and Barents Sea Opening 
into the Arctic Ocean 

 Observed Run A Run B Run C 

FS volume (Sv) 9–101 1.8 2.7 3.9 

 122    

BSO volume (Sv) 1.83 4.6 3.6 1.9 

 2.04    

FS+BSO volume (Sv)  6.4 6.3 5.8 

FS heat (TW) 32–551 21 39 48 

BSO heat (TW) 483 105 87 60 
Notes: 1Observations at the FS are mooring data from Schauer et 
al.[32] for 1997–2000; 2updated data from Schauer et al.[34] for 
1997–2006; 3Fluxes at the BSO are mooring data from Skagseth et 
al.[33] for 1997–2007; 4Smedsrud et al.[35] for 1997–2007. All data 
are annual mean values. 

 

Table 2 shows that all three model runs misrepresent 
the distribution of volume transport through the FS and the 
BSO as determined from observations. In the output from 
run A, less than 30% (1.8 of 6.4 Sv) of Atlantic Water en-

teres the Arctic Ocean through the Fram Strait and most 
goes into the shallow Barents Sea. With Neptune parame-
terization in run B, this discrepancy is improved to some 
extent, with 43% (2.7 of 6.3 Sv) of Atlantic Water entering 
through the Fram Strait. Run C produces the most accurate 
distribution of the three runs with two thirds (3.9 of 5.8 Sv) 
of Atlantic Water entering the Arctic Ocean through the 
Fram Strait. However, this is still less than observational 
results that show ca. 85% of Atlantic Water entering the 
Arctic Ocean through the Fram Strait. 

Absolute values of inflow at the FS are underestimated 
in all three model runs. Run A produces an inflow of only 
1.8 Sv at the FS. The inflow at the FS increases by 50% to 
2.7 Sv after adopting Neptune parameterization in run B. 
The high-resolution model run C generates the best result, 
but the volume transport of 3.9 Sv at the FS is still much 
smaller than observed values of 9–12 Sv. All three model 
runs in this study therefore underestimate the volume 
transport at the FS, and Wang et al.[21] also reported similar 
findings for several different model results. The results of 
their study also showed that the accuracy of both simulated 
inflow and outflow were related to horizontal resolution[21]. 

For the BSO, both ORCA1-grid runs (A and B) overes-
timate inflow volume transport. Run C reproduces a realistic 
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inflow transport and the velocity field is clearly shown with 
two cores in the northern and southern parts of the opening 
(not shown), similar to the results of Aksenov et al.[11].  

Heat transport is estimated by integrating temperature 
multiplied by volume transport for each cell. The distribu-
tion of heat transport is also misrepresented by the three 
model runs. The output from run A shows that most of the 
heat is advected to the Arctic Ocean through the BSO rather 
than the FS, resulting in an unrealistically low heat input to 
the Eurasian Basin. Run B is better than run A but run C 
generates the best results with a reasonable distribution 
compared with observational data.  

The heat transport at the FS in run A is 21 TW, roughly 

half of the observed value. Using Neptune parameterization 
in run B almost doubles the heat transport at the FS (39 TW, 
Table 2). The improvement of only 50% in volume trans-
port implies that the temperature field at the FS is also im-
proved (contour lines in Figure 5). Moreover, the WSC is 
better reproduced with Neptune parameterization, so more 
warm Atlantic Water from the sub-polar GIN seas can reach 
the FS, resulting in higher temperatures (not shown, similar 
results are presented in Wang et al.[21], Figure 3). The ratios 
of heat and volume transport from run A and run C are 
similar; run C generated values ~2.2 times larger for both 
volume and heat transport.  

 
Figure 5  Annual mean normal velocity through the Fram Strait (cm∙s-1, shading) and temperature (contour line). Positive values indicate 
the northward flow, negative values indicate the southward flow. Solid lines indicate temperatures from 0–3℃ at 1℃ intervals. 

At the BSO, although the inflow of heat is very large, 
the heat is almost completely lost in the Barents Sea[12]. 
When the BSB reaches the eastern Eurasian Basin at the St. 
Anna Trough, the temperature of the AWCT is only a little 
higher than 0℃. This branch has no influence on the AWCT 
in the western part of the Eurasian Basin that we focus on 
in this study. However, the excess inflow of the BSB may 
affect the circulation and thermohaline structure in the east-
ern part of the basin. That will be discussed briefly in the 
last section of this paper. 

6  Details of velocity at the Fram Strait 

The velocity patterns in the Fram Strait are similar in run A 
and run B (Figure 5a and 5b) but improvements are ob-
tained in run B at both the eastern and western sides of the 
Strait. The inflow of the WSC is improved although under-
estimated, and only one core can be resolved. The Yermak 
Plateau Branch (YPB) (Figure 1) is obvious in run B (Fig-
ure 3b and Figure 4b), and is similar to that reproduced by 

Holloway and Wang’s[20] simulation using a coarse grid and 
Neptune parameterization. And also to the west, the EGC is 
recognizable at the intermediate depth. Run C reproduces a 
stronger velocity field with a maximum of about 6 cm∙s-1 at 
the eastern part of the Fram Strait, compared with 4–5 
cm∙s-1 for the runs using a coarse grid.  

Run C (Figure 5c) reveals almost all currents identi-
fied using observational data or previous model results[32,11]. 
The West Spitsbergen Coastal Current (WSCC) inflow is 
seen over the shallow shelf. The Svalbard Branch (SVB) 
and the Yermak Plateau Branch (YPB) are difficult to dis-
tinguish in the velocity field section, but are obvious in 
Figures 3c and 4c. These two branches were also identified 
by the high-resolution models used by Aksenov et al.[11]. 
The simulated velocity for the SVB of ~6 cm∙s-1 is still 
slower than the observed value of 10–20 cm∙s-1[32] and 
model results of 14 cm∙s-1 reported by Aksenov et al.[11]. 
The velocity of re-circulation in the Knipovich Branch (KB) 
is about 5 cm∙s-1, which is also slower than velocity meas-
ured from observations[31], but faster than that generated 
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using models in Aksenov et al.[11], which produced a veloc-
ity of ~2 cm∙s-1. The southward KB is not well resolved in 
the annual mean velocity field, and Aksenov et al.[11] also 
failed to reproduce it accurately, but this current can be 
identified from monthly output (not shown). The YPB and 
the KB are apparently guided by the Yermak Plateau and 
the Knipovich Ridge. The eddy-topography interaction may 
therefore dominate these flows and Neptune parameteriza-
tion can effectively supply this effect for a coarse resolution 
model. 

Many observations have demonstrated that velocity 
through the FS section is very complex and belt-like. The 
ORCA1 grid has only 10 points at the Fram Strait, therefore 
the low resolution of ORCA1 in this area may be the main 
cause for the failure of models to reproduce this complex 
velocity field. Run C, using the ORCA025 grid with a 
higher horizontal resolution, successfully resolves several 
cores representing split branches of the WSC but the veloc-
ity of the inflow is still underestimated compared with ob-
servational results and model results presented by Aksenov 
et al.[11] who used a 1/12 degree horizontal resolution. At 
the Fram Strait, the Rossby Deformation Radius is less than 
10 km so the ORCA025 grid is eddy-permitting but not 
eddy-resolving. A more realistic velocity field can be rea-
sonably reproduced by an eddy-resolving model as used by 
Aksenov et al.[11]. 

7  Discussion and conclusions 

In this paper, we present the results of AIW simulations in 
the Eurasian Basin generated from three model runs. The 
baseline run (run A) drifts from PHC data with about half of 
the heat content being lost in station A. Using Neptune 
parameterization (run B) and a high-resolution horizontal 
grid (run C) helps to improve the representation of AIW in 
the numerical models, including the AWCT and its depth. 
The values for volume and heat transport through the Fram 
Strait generated by run B are closer to observational results 
than those for run A, but run C is the best among the three 
runs. The high-resolution model allows for more Atlantic 
Water entering the Arctic Basin. Furthermore, run C pro-
duces the best distribution of volume transport between the 
FS and the BSO, although the inflow through the Fram 
Strait is still less than observational values. We suggest that 
the reason the baseline run failed to reproduce the AIW is 
the underestimation of the modeled WSC, leading to a lack 
of heat transport through the Fram Strait. 

In the coarse (ORCA1) grid model, Neptune parame-
terization improves the simulation of the circulation of the 
ACBC and the water properties at intermediate depth in the 
western Eurasian Basin. This parameterization can signifi-
cantly improve representation of the ACBC in a non-eddy- 
permitting model. Neptune parameterization is applied di-
rectly into momentum equations, in an attempt to maintain 
currents flowing along the topographic Rossby waves, 
which are not directly reflected in the tracer equations. 
Hence, the density structure might not be adapted appropri-

ately, and this needs further investigation. In this study, 
Neptune parameterization proves to be an effective tool for 
improving topographic flows in non-eddy-permitting mod-
els. 

The performance of models in simulating topogra-
phy-steered flow is affected by the horizontal resolution in 
several ways, including the interaction between eddies and 
topography. The results of this study suggest that eddy- 
permitting models are necessary to obtain a realistic repre-
sentation of circulation in the Arctic Ocean and the Nordic 
Sea. The Rossby Deformation Radius is small in polar re-
gions, therefore the model resolution should be less than 
several kilometers to accurately reproduce complex veloc-
ity fields with more than one core. The complexity of the 
velocity field at the FS has been confirmed by Schauer et 
al.[32] using mooring data. The findings of their study sug-
gested a barotropic structure with many inflow and outflow 
belts varying in size by several tens of kilometers[33]. In run 
C, the microstructure of the ACBC is well represented with 
two velocity cores identified to the north of Franz-Josef 
Land (not shown). One of these cores was the FSB from the 
FS and the other is the higher velocity Arctic Shelf Break 
Branch (ASBB[14]) close to the shelf. In run A and run B, 
only one velocity core is resolved, which results in an un-
derestimation of the water masses carried by the ACBC. 
Neptune parameterization has also been effective in fine 
resolution models, especially for eddy-permitting models 
(personal communication with Holloway). Investigation of 
the performance of Neptune parameterization in fine reso-
lution models, and impacts on the AIW, are beyond the 
scope of this paper but should be addressed in future work. 

The AWCT is slightly higher in the western part of the 
Eurasian Basin (Figure 2) but it decreases abruptly by ~1℃ 
within about 200 km (not shown), just north of the St. Anna 
Trough. Our assumption is that the BSB inflow through the 
St. Anna Trough is overestimated. However, the problem in 
the eastern part of the Eurasian Basin may be a complicated 
issue with many contributing factors, including excessive 
vertical diffusion as discussed by Li et al.[26], the congrega-
tion of horizontal ORCA grids in this area, and too much 
mixing with the BSB from the St. Anna Trough. More re-
search is needed to improve model simulations of the east-
ern part of the Eurasian Basin, north of the Laptev Sea. 
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