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Abstract  An annual cycle of atmospheric variations for 1989 in the Arctic has been simulated with the Weather Research and 

Forecasting (WRF) model. A severe cold bias was found around a cold center in surface air temperature over the Arctic Ocean, 

compared with results from ERA-Interim reanalysis. Four successive numerical experiments have been carried out to find out the

reasons for this. The results show that the sea ice albedo scheme has the biggest influence in summer, and the effect of the cloud

microphysics scheme is significant in both summer and winter. The effect of phase transition between ice and water has the biggest

influence over the region near the sea ice edge in summer, and contributes little to improvement of the severe cold bias. The origi-

nal crude albedo parameterization in the surface process scheme is the main reason for the large simulated cold bias of the cold

center in summer. With a different land surface scheme than in the control run, cold biases of simulated surface air temperature 

over the Arctic Ocean are greatly reduced, by as much as 10 K, implying that the land surface scheme is critical for polar climate 

simulation. 
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0  Introduction* 

The climate is changing in the Arctic and is predicted to 

change at a rate significantly faster than the planet as a 

whole in the near future, because of the influence of feed-

backs related to human greenhouse gas emission and the 

changing Arctic Ocean surface[1-2]. As discussed in several 

recent publications, both sea ice areal extent and thickness 

are decreasing at an alarming rate[3-5]. Sound quantitative 

understanding of these interactions is essential to the de-

velopment of predictive capability for the future atmos-

pheric state in the Arctic, and how this relates to global 

climate change[6]. However, understanding the fundamen-

tals of associated surface chemical, physical and biological 

exchange processes occurring at relevant interfaces in the 

Arctic is weak[7]. Thus, climate mechanisms in the Arctic 
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are active research topics, and our understanding of their 

causes and effects is far from complete. 

One of the most complicated but fascinating problems 

in polar climate change is whether atmosphere or sea ice is 

dominant within the warming process. Some studies sup-

port the idea that, for variations on interannual or decadal 

scales, atmospheric changes drive variations in sea ice[8-9]. 

By analyzing the ERA-Interim reanalysis dataset, it was 

recently asserted that diminishing sea ice had a leading role 

in recent Arctic temperature amplification[10]. 

Since numerical models provide an ideal environment 

for testing the importance of critical processes in a con-

trolled manner, the Arctic research community benefited 

from an explosive growth in numerical modeling at the 

close of the twentieth century. With numerical models, sci-

entists can test their ideas and explore new theories on Arc-

tic research. To understand the “atmosphere vs. sea ice 

problem” mentioned above, scientists have designed dif-

ferent numerical experiments. These are either sea ice and 

ocean forcing the atmospheric model, or the atmosphere 

forcing the ocean-sea ice coupled model. A precondition is 
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to have a reliable numerical model. Since mesoscale re-

gional climate models provide finer resolution and perform 

numerical experiments more efficiently, they have been 

recognized as an increasingly important tool to address 

scientific issues associated with climate variability and im-

pacts at local and regional scales[11-12]. Many regional cli-

mate models have been developed, applied, and compared, 

demonstrating the achievement of important downscaling 

skills and model deficiencies yet unresolved[13-15]. 

The Weather Research and Forecasting (WRF) 

model[16] can be downloaded from www.mmm.ucar. 

edu/wrf/users/download/get_source.html. It is a numerical 

weather prediction and atmospheric simulation system de-

signed for both research and operational applications. It is 

suitable for a broad span of applications across scales from 

large-eddy to global simulation, although it was initially 

developed for regional applications[17]. Since the model has 

much merit for numerical simulation, it seems fitting to 

extend it to polar climate research. Although there are stud-

ies using a prior version of WRF in regional climate simu-

lation outside polar regions[15,17], there is no formal publica-

tion on the application of the WRF (version 3.2.1) exten-

sion to polar climate research. Based on WRF version 2.2, a 

Polar WRF (PWRF) has been developed and used in re-

search on Arctic weather[18]. A PWRF based on WRF ver-

sion 3.3.1 is now available. 

Using the WRF model with extension for polar climate, 

we perform numerical experiments with different configu-

rations of physical parameterization schemes to explore 

improvements to polar climate simulation. In section 1, we 

introduce the polar climate extension for WRF and the nu-

merical experiment design. In section 2, we do an analysis 

to understand the cold bias of surface air temperature near 

the Arctic Ocean cold center in the simulation results. The 

last section is a summary and discussion. 

1  Model and design of numerical experiments 

1.1  Model 

The WRF 3.2.1 with polar climate extension (WRF/ 

PCE)[19–20] is used for the numerical experiments. Com-

pared to WRF, the WRF/PCE includes some modifications 

suitable for polar climate applications. These modifications 

are: 

(a) Improvement in physical parameterization schemes 

associated with sea ice 

Since sea ice partially covers the Arctic ocean, proper 

depiction of sea ice effects is very important in polar cli-

mate simulation. The sea ice albedo parameterization 

scheme in WRF/PCE is improved to characterize the melt 

effect of sea ice on albedo; the sea ice albedo is reduced 

from 0.7 in the Arctic spring/fall to 0.55 in melt season. To 

depict the effect of sea ice nonhomogeneity, a flux aggrega-

tion scheme is used to calculate surface heat and radiation 

fluxes for grids with sea ice (surface fluxes are calculated 

for water and sea ice separately, then average values with 

areal weighting are used). 

(b) Addition of interface for ERA-Interim dataset in 

WRF Pre-Processing System (WPS) and update of bottom 

boundary condition during integration  

Fields from the ERA-Interim dataset[21] are used as 

model initial values and boundary conditions. Since data 

downloaded from the ERA-Interim dataset are saved in 

netCDF format, they must be transformed into binary for-

mat for ingestion by the WPS metgrid program. Thus, an 

interface program for the ERA-Interim dataset in the WPS 

is introduced, to execute this transformation. A bot-

tom-boundary update function is introduced to mimic the 

mechanism of lateral boundary update. Sea ice concentra-

tion, vegetation fraction, sea surface temperature, leaf area 

index and background albedo can be changed at given in-

tervals. 

(c) Other technical arrangements 

To save disk space and facilitate data analysis, a 

monthly mean calculation and monthly data output function 

were added. To simplify calculation and output of monthly 

mean data, date calculation code was modified so each 

month is 30 d in the model. 

WRF/PCE inherits all WRF numerical weather predic-

tion functionalities as developed at NCAR (National Center 

for Atmospheric Research), with additions and modifica-

tions ((a) through (c) above) for polar climate simulation. 

The dynamics and physics of WRF/PCE are identical to 

WRF, except for one land surface model modified for polar 

climate application, as mentioned in (a). The WRF solves 

fully-compressible Euler nonhydrostatic equations. We 

adopted a time-split integration using a 2nd- or 3rd-order 

Runge-Kutta scheme with smaller time step for acoustic 

and gravity-wave modes. Model physics include micro-

physics, cumulus parameterization, surface physics, plane-

tary boundary layer physics and atmospheric radiation 

physics, each with a choice of multiple schemes. For details 

of WRF dynamics and physics, refer to the WRF technical 

note for version 3[16].  

1.2  Model grid 

WRF/PCE uses a staggered horizontal grid (Arakawa 

C-grid) with a vertical terrain-following η coordinate de-

fined by dry hydrostatic pressure and with vertical grid 

stretching permitted. The model domain consists of 160 

grid points in the east-west direction and 100 grid points in 

the south-north direction, for variables other than wind 

components. The domain is centered at 90°N and 0°E, with 

horizontal grid spacing 50 km on the polar stereographic 

mapping plane. Twenty-seven η levels are used, of which 

close to eight are within the planetary boundary layer. The 

pressure at model top is about 50 hPa.  

1.3  Initial and boundary condition  

Initial and boundary condition data, sea surface temperature 

and sea ice concentration are all from the 3-hourly, 1.5° 

ERA-Interim reanalysis dataset, which is the next genera-
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tion of the ERA-40 dataset[21]. The key improvements of 

ERA-Interim over ERA-40 include higher resolution, im-

proved model physics, better hydrologic cycle, 

four-dimensional variational data assimilation, and varia-

tional bias correction of satellite radiance data. 

ERA-Interim provides more accurate Arctic tropospheric 

temperatures, and probably has fewer spurious trends than 

previous reanalysis datasets[22]. 

The lateral boundary conditions of wind in two direc-

tions, geopotential height, temperature and water vapor 

mixing ratio are interpolated directly from ERA-Interim. 

Lateral boundary values of vertical velocity, cloud water, 

ice and snow mixing ratios are set to zero. The width of the 

lateral boundary is five grids. Fields for the lower boundary 

condition of sea ice concentration, sea surface temperature 

and vegetation fraction are also interpolated directly from 

ERA-Interim. The lateral and lower boundary conditions 

can all be updated at given intervals (e.g., 6 h). 

We used the 10-minute-resolution dataset for topogra-

phy, land use and soil type. 

1.4  Design of numerical experiments 

We designed five numerical experiments (Table 1). EXP1 

was a control run for comparison. In EXP2, EXP3, EXP4 

and EXP5, each configuration was varied slightly over 

EXP1 for a special purpose. In EXP1, the model used the 

WRF Single-Moment 3-class (WSM3) microphysics 

scheme, in which mixed-phase processes are not considered. 

Transformation processes between sea ice points and water 

points are also not considered. EXP1 used the Noah Land 

Surface Model (LSM), in which sea ice albedo is made con-

stant. Other major configurations in EXP1 included the 

Rapid Radiation Transfer Model (RRTM) scheme for long 

wave radiation, the Dudhia scheme for solar radiation, the 

Monin-Obukhov scheme for near-surface processes, and the 

Yonsei University (YSU) scheme for the boundary layer. 

Modulation of Arctic sea ice conditions has been rec-

ognized as a potentially significant climate feedback 

mechanism for two primary reasons, namely, albedo modi-

fication and impact on energy transfer across the air-sea 

interface[23]. The phase transformation process between 

water and sea ice occurs mostly near the sea ice edge. In 

EXP2, transformation processes between sea ice points and 

water points are considered. If updated sea ice concentra-

tion is greater than a critical value (set to 0.02 in the model), 

the underlying surface type changes to ice with partial water. 

If this updated concentration is smaller than the critical 

value, the underlying surface type changes to water. If the 

underlying surface type is ice with partial water, values of 

surface albedo and emissivity are averages of ice and water. 

Clouds have a significant effect on global albedo and are 

important in the hydrologic cycle. Though mixed phase 

clouds are less understood, they are important since they 

are the main precipitating clouds and cover a substantial 

portion of the earth surface. Further, mixed-phase cloud 

processes are critical to precipitation development. To study 

the influence of mixed-phase clouds on Arctic climate, an 

Eta grid-scale cloud and precipitation scheme for micro-

physics, in which mixed-phase processes are considered, is 

used in EXP3. In addition to the inclusion of transformation 

processes between sea ice points and water points in EXP4, 

sea ice albedo parameterization within the Noah LSM[24] is 

improved. In the original code, the albedo of sea ice re-

mains a constant value that is suitable for winter. In the 

improved sea ice albedo parameterization scheme, sea ice 

albedo is reduced from 0.7 in Arctic spring/fall to 0.55 in 

melt season, for characterizing the melt effect of sea ice on 

albedo. Since sea ice cover is usually treated as a land sur-

face type in atmospheric models, the LSM is a great con-

tribution to climate model results, especially in the lower 

atmosphere. To study the effects of land surface processes 

in EXP5, the Pleim-Xiu LSM[25] with greater consideration 

of sea ice nonhomogeneity is used, instead of the Noah 

LSM. 

     Table 1  List of numerical experiments  

Name Description 

EXP1 WSM3 microphysics, transformation processes between 

sea ice points and water points are not considered, Noah 

land surface model, RRTM scheme for long wave radia-

tion, DUDHIA scheme for solar radiation, Monin-Obuk-

hov scheme for near surface processes and YSU scheme

for boundary layer, Kain-Fritsch cumulus scheme are con-

sidered. 

EXP2 Same as EXP1, except that transformation processes be-

tween sea ice points and water points are considered. 

EXP3 Same as EXP1, except that an Eta grid-scale cloud and 

precipitation scheme for microphysics is used. 

EXP4 Same as EXP2, except that sea ice albedo parameterization 

in Noah land surface model is improved. 

EXP5 Same as EXP1, except that Pleim-Xiu land surface model

with improved consideration of sea ice nonhomogenity is 

used. 
 
A time step of 180 s is used, and width of the relaxa-

tion zone is set to 4 grids for sponge lateral boundary 

treatment in all experiments. All configured experiments 

had an initiation time of 0000 UTC on 1 January 1989, and 

were integrated over a year. During integration, both lateral 

and bottom boundaries were updated every 6 h. Except for 

explicit indications, default values in the namelist file were 

used. 

2  Analysis of simulation results 

2.1  Results from control run (EXP1) 

2.1.1  Sea level pressure and geopotential height 

The main features of annual mean sea-level pressure are a 

low-pressure trough extending northward along the Norway 

and Barents Seas, and a high-pressure zone near the Beau-



 Temperature biases in modeled polar climate and adoption of physical parameterization schemes 33 

fort and Eastern Siberia Seas (Figure 1a). Compared with 

ERA-Interim results, the simulated low-pressure trough is 

weaker, with a maximum difference of nearly 3.5 hPa. The 

feature of a stronger high-pressure zone with biases 1–    

4 hPa (Figure 1b). 

As shown in Figure 2a, the main feature of annual mean  

 

Figure 1  Annual mean sea-level pressure over ocean. a, Result of EXP1, contour interval 2.5 hPa. b, Result of EXP1 minus 

ERA-Interim, contour interval 1.5 hPa. 

geopotential height at 500 hPa is the polar vortex. In 

ERA-Interim, the vortex center is near the North Pole, 

whereas in EXP1 there is an extra vortex center near Baffin 

Bay. Compared with ERA-Interim results (Figure 2b), 

simulated geopotential height at 500 hPa is low, and the big 

difference near Baffin Bay results in the false center of 

closed circulation in Figure 2a (wind vectors not shown). 

The distribution of geopotential height and wind obey the 

wind-pressure law. 

 

Figure 2  Annual mean geopotential height at 500 hPa. a, Result of EXP1, contour interval 50 gpm. b, Result of EXP1 minus 

ERA-Interim, contour interval 15 gpm. 

2.1.2  Temperature 

In January, there are two main cold centers of surface air 

temperature (SAT, represented by air temperature at 2 m)：

one over the Arctic Ocean and another over Greenland. The 

model reproduced the two cold centers well, but produced 

another false cold center over the ice-covered region of 

Baffin Bay (Figure 3a). In fact, there are two more false 

cold centers, one over Hudson Bay and another over Foxe 

Basin, shown in Figure 3a. The model reproduced warm 

ridges over the Labrador and the Norwegian Seas (also in 

Figure 3a). Compared with ERA-Interim results, most areas 

have a cold bias, including all ice-covered areas (Figure 3b). 

The two main cold centers of simulated surface air tem-

perature are colder than ERA-Interim by more than 20 K 

and 10 K (Figure 3b). In July, the two main cold centers 

over the Arctic Ocean and Greenland still exist (Figure 3c). 

Except for the North Siberian lowland, compared with 
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ERA-Interim results, most areas have a cold bias, the larg- est of which is over 10 K (Figure 3d). 

 

Figure 3  Simulated SAT of EXP1, and SAT difference between EXP1 and ERA-Interim (EXP1 minus ERA-Interim). a, EXP1 result for 

January. b, Difference for January. c, EXP1 result for July. d, Difference for July. Contour intervals are 5 K. 

In January, the major cold center is over Greenland, 

with a cold belt extending to Eastern Siberia at 700 hPa, as 

shown in Figure 4a. Compared with ERA-Interim results, 

there is a large cold bias over Greenland, which is mainly 

because of displacement of the simulated cold center (Fig-

ure 4b). In July, there is a cold belt stretching from 

Greenland to Eastern Siberia, with the cold center over the 

Arctic Ocean (figure not shown). However, the simulated 

cold center at 700 hPa is over Greenland (Figure 4c). From 

the temperature difference figure (Figure 4d), cold biases 

are evident over nearly the entire domain. The biggest bias 

is over Greenland because of the false cold center there 

(Figure 4c). Since the 700 hPa level is below the surface in 

parts of Greenland, the temperature values there are ex-

trapolated, with a dependence on the extrapolation method. 

2.2  Effect of phase transition between ice and water  

In EXP1, the effect of phase transition between ice and wa-

ter is not considered. When this effect is added in EXP2, 

two patches of SAT warm bias appeared in January. One 

was over the sea south of the Svalbard Islands, and another 

over the Barents Sea (Figure 5a). With reduced sea ice ex-

tent in the sea-ice border area because of the phase transi-

tion introduction, there is more upward sensible heat flux 

and vapor flux toward the atmosphere. The increased at-

mospheric water vapor contributes to greater stratus forma-

tion and long wave radiation trapping. These warm biases 

originate from increased downward long wave radiation in 

EXP2 (figure not shown). Comparing Figure 3b, it is evi-

dent that the warm biases contribute to simulation im-

provement. In July, by adding the effect of phase transition 

between ice and water, SAT in the Greenland, Barents and 

Chukchi Seas increases significantly (Figure 5b). Compar-

ing Figure 3d, an improved simulation was also evidenced 

by increased temperature over those areas. There is an ob-

vious temperature decrease over the North Siberian lowland, 

which improves model results (comparing Figure 5b with 

Figure 3d). This temperature decrease is connected with 
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decrease of downward long wave radiation in EXP2 (figure 

not shown). It is clear that the effect of phase transition 

between ice and water contributes little improvement to the 

severe cold bias of the control run. 

 

Figure 4  Same as Figure 3, except for temperature at 700 hPa. Contour levels for a are 230 K, 240 K, 242.5 K, 245 K, 247.5 K, 250 K 

and 252.5 K; contour interval for b is 2 K and lines for colder than −10 K are not drawn; contour interval for c is 3 K; and contour interval 

for d is 2 K. 

 

Figure 5  Simulated SAT difference (EXP2 minus EXP1). a, Result for January, contour interval 1 K. b, Result for July, contour interval 

3 K. 
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In January, the simulated temperature difference at  

700 hPa between EXP2 and EXP1 is small, with a maxi-

mum difference roughly 1 K (Figure 6a). In July, the great-

est simulated cold bias between EXP2 and EXP1 is over 4 

K, and greatest warm bias over 2 K (Figure 6b). The fact 

that temperature difference range at 700 hPa is smaller than 

that at the surface is rational, since the source of the tem-

perature difference is the surface (compare Figure 6 to Fig-

ure 5). A comparison of Figure 6b to Figure 4d shows that 

the cold bias worsens model results in EXP2.

 

Figure 6  Simulated temperature difference at 700 hPa (EXP2 minus EXP1). a, Result for January. b, Result for July. Contour intervals 

are 0.5 K. 

2.3  Effect of cloud microphysics scheme 

The simulated cloud has a close connection with the cloud 

microphysics scheme used. Since the type and amount of 

cloud can influence model radiation calculation, this 

scheme will affect the simulation result. The WSM3 mi-

crophysics scheme includes ice sedimentation and other 

new ice-phase parameterizations. It predicts three catego-

ries of hydrometers: vapor, cloud water/ice, and rain/snow. 

This is a so-called simple-ice scheme. The Eta grid-scale 

cloud and precipitation scheme predicts changes in water 

vapor and condensate in the forms of cloud water, rain, 

cloud ice and precipitation ice (snow/graupel/sleet). The 

individual hydrometeor fields are combined into total con-

densate, and water vapor and total condensate are advected 

in the model. In January, major differences of SAT from the 

two different cloud microphysics schemes are shown in 

Figure 7a. Except for the warm bias over the southern Bar-

ents Sea, almost all significant biases can be attributed to 

differences in downward long wave radiation (Figure 8a). 

The warm bias over the southern Barents Sea, where 

downward long wave radiation flux bias is negative, is 

caused by reduced loss of sensible heat flux from the ocean 

surface (Figure 9a). In July, surface downward longwave 

radiation is still important in temperature variation, through 

modulating the heat balance controlling SAT variation. Ex-

cept for cold biases in the Arctic Ocean near 85°N, almost 

all SAT biases are closely tied to differences of downward 

long wave radiation flux (Figures 7b and 8b). These cold 

biases are mainly generated by the decrease of downward 

shortwave radiation flux, with values in excess of 20 W·m–2 

(Figures 7b and 9b). 

Simulated temperature differences between EXP3 and 

EXP1 at 700 hPa show larger biases in summer (figures not 

shown). 

2.4  Effect of sea ice albedo parameterization 

Albedo is a non-dimensional, unitless quantity that indi-

cates how effectively a surface reflects solar energy. Sea ice 

has a much higher albedo than other earth surfaces, such as 

the surrounding ocean. A typical ocean albedo is approxi-

mately 0.06, whereas bare sea ice varies from approxi-

mately 0.5 to 0.7. When sea ice albedo parameterization is 

improved (sea ice albedo variation with season, and albedo 

reduction effect considered during melt season), there is 

little influence on SAT distribution in January (Figures 5a 

and 10a). This is because downward shortwave radiation 

flux is small at high northern latitudes in winter. The situa-

tion is different in summer. Because of the introduction of 

decreased sea ice albedo within the scheme, the earth sur-

face absorbs more shortwave radiation and this increased 

downward shortwave radiation warms the sea ice surface, 

so this ice begins to melt. During the melt process, the ice 

surface temperature remains freezing point and the near- 

surface air temperature does not change much. Before the 

onset of ice melt, albedo strongly affects the surface heat 

balance and consequent feedback to the near-surface air 

temperature. If the sea ice has melted, the open ocean re-

ceives more downward radiation and its water is warmed. 

The warmed ocean surface then increases SAT (compare 

Figure 10b with Figure 5b). 

In addition, simulated temperature differences between 

EXP4 and EXP1 at 700 hPa in summer are greater than in 



 Temperature biases in modeled polar climate and adoption of physical parameterization schemes 37 

winter (figures not shown). 

 

Figure 7  Simulated SAT difference (EXP3 minus EXP1). a, Result for January, contour interval 1 K. b, Result for July, contour interval 2 K. 

 
Figure 8  Simulated downward long wave radiation flux difference (EXP3 minus EXP1). a, Result for January. b, Result for July. Con-

tour intervals are 10 W·m–2. 

 

Figure 9  Simulated differences of upward sensible heat flux and downward shortwave radiation flux (EXP3 minus EXP1). a, Upward 

sensible heat flux in January. b, Downward shortwave radiation in July. Contour intervals are 20 W·m–2. 
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Figure 10  Simulated SAT difference with different sea ice albedo parameterization scheme (EXP4 minus EXP1). a, Result for January. 

b, Result for July. Contour intervals are 2 K. 

2.5  Effect of land surface processes 

Studies show that modeled results are sensitive to the 

choice of LSM[26–27]. To improve polar climate simulation, 

it is helpful to explore this sensitivity. 

The Pleim-Xiu LSM greatly improves SAT simulation, 

compared with Noah LSM use (Figures 11 and 4). In Janu-

ary, the SAT difference between model results of EXP5 and 

ERA-Interim is no more than 10℃ in most areas (Figure 

11c). In summer, the biggest SAT difference between model 

results and ERA-Interim is no more than 6℃ over the 

ocean (Figure 11d). Biases over the ocean are all negative 

(Figures 11b and 11d). Nevertheless, there is a larger warm 

bias over the North Siberian lowland in July (Figures 11d 

and 3d). The results of EXP1 and EXP5 show that the 

proper LSM or LSM improvement is critical for polar cli-

mate simulation. 

At 700 hPa, temperature differences between EXP5 

and EXP1 are smaller than for the SAT over the Arctic 

Ocean (figures not shown). There are more surface down-

ward longwave radiation fluxes over the ocean in EXP5, 

compared to EXP1 (figures not shown). 

3  Summary and conclusions 

Using WRF 3.2.1 with extension for polar climate, an an-

nual cycle of atmospheric variations for 1989 in the Arctic 

was simulated with different configurations of physical 

parameterization schemes. We analyzed the influences of 

land surface schemes, sea ice albedo, transformation proc-

esses between sea ice points and water points, and cloud 

microphysics on polar climate simulation. The model re-

produced two cold centers over the Arctic Ocean and 

Greenland, with decreased SAT. It also faithfully repro-

duced warm ridges over the Labrador and Norwegian Seas 

in January. In July, simulated SAT over most areas shows a 

cold bias. This bias may be severe for certain configurations 

of physical parameterization schemes. In summer, the sea 

ice albedo scheme has the biggest influence on SAT simula-

tion over inner parts of the Arctic Ocean. The effect of 

phase transition between ice and water has the biggest ef-

fect on SAT simulation near the sea ice edge, and contrib-

utes little to improvement of the severe cold bias over the 

Arctic Ocean. The effect of the cloud microphysics scheme 

is significant in both winter and summer. Through land sur-

face model substitution, the previous large cold bias over 

Greenland in both summer and winter, and those over the 

Arctic Ocean in winter, can be greatly reduced, by as much 

as 10 K. Since sea ice cover is usually treated as a land sur-

face type in atmospheric models and the effect of sea ice is 

important at high latitudes, a LSM strongly contributes to 

climate model results. A suitable LSM or LSM improve-

ment is critical for polar climate simulation. 

The Arctic is a major region in the global climate. 

Thorough understanding of its role requires that we account 

for the intimate coupling between Arctic atmosphere, land, 

ocean and sea ice[1]. Prior to this, we must clarify atmos-

pheric behavior given varying sea ice distribution, the 

physical parameterization scheme in numerical models, and 

other factors. The subject of temperature biases was ad-

dressed here through numerical experiment, revealing that 

there are still many uncertainties. These must be determined 

and reduced in the simulation of polar climate. The PWRF 

has been validated for synoptic cases in Greenland and the 

Arctic Ocean, giving promising results[18]. Thus, it would be 

valuable to tune model parameters in the Noah land surface 

scheme using methods within the PWRF model, or to de-

velop a PWRF climate extension version and do further 

study. 
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Figure 11  Simulated SAT in EXP5, and SAT difference between EXP5 and ERA-Interim (EXP5 minus ERA-Interim). a, EXP5 result 

for January. b, Difference for January. c, EXP5 result for July. d, Difference for July. Contour intervals are 5 K for a and c, 3 K for b, and 

2 K for d. 
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