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Abstract

Seoul National University General Circulation Model (SNUGCM) has been run for 100 years to obtain daily temper-
ature and meridional velocity at the Northern lower stratosphere. The model results are compared with the NCEP/NCAR
reanalysis data. The polar temperature and the eddy heat flux from the model show that the model-produced climatology
has well-known cold bias and weaker planetary wave activities. The model climatology also has a lag in the seasonal
evolution. The relationship between the model-produced polar temperature and the eddy heat flux is investigated with
respect to the interannual and decadal time scales. The interannual variation of the polar temperature is related with both
total and stationary eddy heat flux in January and March, which is in agreement with observation. The model, however,
does not reproduce the relationship between the decadal variation of the polar temperature and transient eddy heat flux,
which is revealed in the observed data.
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Table 1. Vertical levels of sigma layers in the SNUGCM and
the interpolated pressure levels.

Sigma level Pressure level (hPa)
1.000 1000
0.990 925
0.970 850
0.930 700
0.870 600
0.790 500
0.700 400
0.600 300
0.500 250
0.410 200
0.330 150
0.260 100
0.200 70
0.150 50
0.100 30
0.070 20
0.050 10
0.040
0.030
0.020
0.000
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Fig. 1. The thin curves represent the daily polar temperature at 70 hPa for each year from 1902 through 1999 in the NH
from 1 December to 30 April (from 1 December 1902 for the first curve). The thick solid and dotted curves denote their
mean and +1 standard deviations for each day, respectively. The red solid and dotted curves denote the mean and +1 standard
deviations for each day, respectively, based on the NCEP/NCAR reanalysis data.
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Flg 2. Anomalies for (a) monthly mean polar temperature, (b) total, (c) stationary, and (d) transient eddy heat fluxes (K
m ™) for January at 70 hPa. The red and blue curves are from model results and reanalysis data, respectively. The thin and
thick curves represent each year and decadal-scale components, respectively. Eddy heat fluxes are averaged for 60 days

from November 17 to January 15.
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Table 2. Climatological means and standard deviations of the polar temperature (K), and eddy heat fluxes (K m s™) for January
and March. Model results and reanalysis data are averaged from 1955 to 1999 and from 1955 to 2004, respectively.

Mean Standard Deviation
SNUGCM NCEP/NCAR SNUGCM NCEP/NCAR
Polar temp. 197.23 206.29 2.44 6.02
January Total eddy 9.85 17.25 2.96 4.06
Stat. eddy 4.46 10.78 2.61 4.50
Trans. eddy 5.39 6.47 1.58 2.79
Polar temp. 201.77 215.24 3.89 5.83
March Total eddy 12.50 17.00 3.47 4.56
Stat. eddy 5.06 10.47 3.45 4.04
Trans. eddy 7.44 6.53 2.44 3.22
oF 4 QE0] 27123} 7 ot %ol mPZATE] B AL0] AUMSEE BEho] ula) FA et
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3} WAE BAE 25 Slrke ARlo] 2 el Stk
(Newman et al., 2001; Kim and Choi, 2006). 2% 23

T e AAE Ho|=x] &7] 84 70 hPa =7]
23} ol A& o] Fdnist AA D] dEAsE

Sttt (Figs. 4, 5). AAFE A= Figs. 2, 30 1
Ehd 7]23 oo F< Afo] o] FAZ FAVIHO] oF]
gt Q| ATl 717kt Fig. 49] 4ol 199 9%
47123 114 17978 149 159744] 609 Bt
ot @] FAAE Ko, Fig. 59| 7-¢l= 34
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Fig. 3. Same as in Fig. 2, but for March. Eddy heat fluxes are averaged for 60 days from January 15 to March 15.
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Fig. 4. Correlation coefficients of the 98-year time-series
(1902-1999) of the January polar temperature at 70 hPa
averaged between 70°N and 90°N with the (a) total, (b) sta-
tionary, and (c) transient components of the eddy heat flux
fields. Eddy heat fluxes are averaged for 60 days from
November 17 to January 15. Linear trends are removed from
each time series.
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Fig. 6. Climatological mean of (a) temperature (K) and (b) total, (c) stationary, and (d) transient eddy heat fluxes (K ms™),
and anomaly of the decadal component of (e) temperature (K) and (f) total, (g) stationary, and (h) transient eddy heat fluxes
(K m ™) at 70 hPa for January. Vertical bars on the curves denote +1 standard deviation of the anomaly time series. The
red solid curves in the upper panels denote the climatological mean based on the NCEP/NCAR reanalysis data. Vertical
bars on the curves denote +1 standard deviation of the anomaly time series of the reanalysis data.
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Fig. 7. Same as in Fig. 6, but for March.
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Fig. 8. Scatter plots of decadal of (a) total, (b) stationary, and (c) transient eddies between 60°N and 80°N versus decadal
anomaly of the polar temperature averaged between the latitude of the eddy and the pole for January. (d), (e), and (f) are
the same as (a), (b), and (c), but for March. Lines are least-square linear regression lines, and R? are defined in the text.

Linear trends are removed from the each time series.
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Table 3. Amplitude (K) of wave number 1 of monthly mean
temperature at 60°N from the reanalysis data and at
60.46875°N from model results at 70 hPa.

Mon NCEP/NCAR SNUGCM Difference
November 6.20 2.97 3.23
December 7.37 2.49 4.87
January 8.45 3.99 4.46
February 7.67 5.21 2.46
March 5.98 4.39 1.59
April 3.23 2.28 0.95
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