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Abstract Accuracy of the upward longwave radiation data of GEWEX-SRB (Global Energy and Water Exchanges
Project-Surface Radiation Budget), ISCCP-FD (International Satellite Cloud Climatology Project-Flux Data) and
CERES-SYN (Clouds and the Earth's Radiant Energy System-Synoptic Radiative Fluxes and Clouds) in polar
regions is studied. In the experiment, two kinds of ground observation data of BSRN (Baseline Surface Radiation
Network) and CEOP (Coordinated Energy and Water Cycle Observations Project) in polar regions are used as
reference data, and the downscaling method is used to deal with them. Finally, accuracy of the radiation products is
evaluated. Research results show that the overall accuracies of the three kinds of commonly used upward longwave
radiation data are lower in polar regions. Absolute values of the root mean square error (RMSE) and the mean
absolute error (MAE) are more than 15 Wem ?. The mean RMSEs of GEWEX-SRB, ISCCP-FD and CERES-SYN
are 23.70 Wem 2 (8.69%), 25.14 Wem 2(9.62%) and 22.98 Wem 2(8.80%), respectively, and the mean
MAEs are 18.53 Wem?(6.96%), 20.09 Wem?(7.70%), and 17.73 Wem?(6.79%), respectively. Through the
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analysis of accuracy, the factors that affect the accuracy of the upward longwave radiation products include spatial

heterogeneity, input parameter errors, cloud influence and low spatial resolution of radiation products and so on.
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Fig. 1 Polar sites distribution map. (a) North pole; (b) south pole
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Table 1 Location of reference sites in polar regions
Site Abbreviation Latitude /(%) Longitude /(*) Elevation /m
Alert ALE 82.490 —62.420 127
Ny-Alesund NYA 78.925 11.930 11
Tiksi TIK 71.617 128.750 38
Barrow BAR 71.323 —156.607 8
C1 Barrow C1B 71.323 —156.607 8
C2 Atqasuk C2A 70.472 —157.407 20
Observatory Site A OBS 67.367 26.629 1792
Yakutsk YAK 62.255 129.618 120
Syowa SYO —69.005 39.589 18
Georg von Neumayer GVN —70.650 —8.250 42
Southpole SPO —89.983 —24.799 2800
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Table 2 Index values at each site

RMSE
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MAE MBE

Product type Site

Ruse J\»,/<W'm72) RMSF.J«/% M s Af\l,/(w‘miz) M,\F:J{e/% M m,/(w'miz) MI%F.,R«/%

ALE  0.89 20.41 8.24 16.39 6.61 —3.97 —1.60
NYA  0.85 38.52 13.17 32.19 11.01 24.49 8.38
TIK 0.94 20.77 7.40 16.61 5.91 —11.60 —4.13
BAR  0.88 20.17 7.29 15.86 5.73 —0.99 —0.36
C1B 0.89 19.73 7.07 15.27 5.47 —3.32 —1.19
GEWEX-SRE C2A 0.92 20.96 7.43 16.29 5.77 —6.30 —2.23
OBS  0.87 24.83 7.68 19.86 6.14 —15.49 —4.79
YAK  0.94 23.88 8.13 18.93 6.45 —10.23 —3.49
SYO  0.80 29.97 11.32 26.51 10.01 —25.78 —9.73
GVN  0.71 21.34 8.72 15.99 6.53 0.28 0.12
SPO 0.88 13.18 9.12 9.94 6.88 —1.41 —0.97
Mean  0.87 23.70 8.69 18.53 6.96 —4.94 —1.82
ALE  0.85 24.47 9.88 20.45 8.25 —3.59 —1.45
NYA 0.35 36.32 12.42 28.59 9.78 12.42 4.25
TIK 0.88 24.19 8.61 19.64 6.99 2.43 0.86
BAR  0.89 21.95 7.93 17.01 6.15 6.56 2.37
C1B 0.90 20.53 7.36 15.84 5.67 4.22 1.51
ISCCP-FD C2A 0.88 28.82 10.21 22.39 7.93 1.28 0.45
OBS  0.79 24.05 7.43 18.74 5.79 —1.29 —0.40
YAK  0.91 26.55 9.04 21.24 7.23 2.36 0.80
SYO  0.62 26.14 9.87 21.90 8.27 —15.45 —5.83
GVN  0.64 24.72 10.10 20.25 8.27 2.47 1.01
SPO 0.82 18.79 13.01 14.96 10.36 8.66 5.99
Mean  0.78 25.14 9.62 20.09 7.70 1.82 0.87
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Product type Site R* R¥SE NEAE l\i[BE
Ruysean/(Wem™) Ruyspre/ % Magan/(Wem™ ) Magre/% Mg an/(Wem™?) Mg r./ %
ALE 0.90 20.30 8.19 16.16 6.52 —8.47 —3.42
NYA 0.68 47.40 16.21 38.97 13.33 30.15 10.31
TIK 0.87 29.72 10.59 21.59 7.69 —11.81 —4.21
BAR 0.82 24.75 8.94 19.44 7.03 0.68 0.24
C1B 0.83 24.05 8.61 18.65 6.68 —1.74 —0.62
C2A 0.91 21.88 7.75 16.30 5.78 —1.99 —0.70
CERES-SYN
OBS 0.93 14.35 4.44 10.82 3.34 —4.94 —1.53
YAK 0.96 17.37 5.92 13.55 4.62 —0.02 —0.01
SYO 0.84 13.75 5.19 10.72 4.05 —2.61 —0.99
GVN 0.76 21.85 8.93 16.10 6.58 6.35 2.60
SPO 0.83 17.39 12.03 12.69 8.78 —3.68 —2.54
Mean  0.84 22.98 8.80 17.73 6.79 0.17 —0.08
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Fig. 2 Correlation distribution between CERES-SYN upward radiation product and ground data
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Fig. 3 Scatterplots of verification results at each ground observation site.

(a) GVN site; (b) SYO site; (¢) NYA site; (d) CIB site; (e) SPO site; (f) TIK site
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Table 3 Overall accuracy of ULR products in the Arctic
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roduct type —, —2 —2
RMSE,AI)/(W' m °) RMS(—:j«»/% M.f\EJ\I>/(W. m °) Mm—:j«/% MBE,Ab/(W' m %) Mm:j«/%
ULR_GEWEX-SRB 0.87 24.40 8.57 18.94 6.65 —3.40 —1.19
ULR_ISCCP-FD 0.85 26.28 9.23 20.49 7.20 3.09 1.09
ULR_CERES-SYN 0.84 26.80 9.41 19.47 6.84 0.28 0.10
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Fig. 4 Overall scatterplots of ULR products in the Arctic.
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Table 4 Influence of spatial heterogeneity on ISCCP-FD ULR flux

) , RMSE MAE MBE
Site R R/ (Wem ) Rusen/ % Mg/ (Wem ) Mo/ % Mus o/ (Wem ) Mg/ %
C1B 0.90 20.53 7.36 15.84 5.67 4.22 1.51
C2A 0.88 28.82 10.21 22.39 7.93 1.28 0.45
Mean 0.90 23.40 8.34 22.40 6.49 2.72 0.97
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Table 5 Deviation between input data of radiant products and ground input data

) ISCCP-FD CERES-SYN
Parameter type Site
MAE MBE MAE MBE
NYA 3.60 2.23 — —
C2A 7.05 5.40 — —
N OBS 5.04 3.16 — —
T./K
ClB 6.60 6.04 — —
YAK 6.31 5.07 — —
TIK 6.62 5.35 — —
NYA 11.98 —4.16 30.16 —28.20
C2A 24.01 7.14 37.34 —36.33
OBS 22.24 11.86 33.03 —30.76
Vh/%
C1B 23.11 3.37 40.67 —40.50
YAK 25.91 10.44 19.59 —8.98
TIK 20.07 —5.74 24.63 —22.02
NYA 0.15 0.09 0.13 0.07
C2A 0.22 0.14 0.19 0.11
OBS 0.34 0.30 0.24 0.21
Cw/cm
C1B 0.23 0.19 0.19 0.13
YAK 0.32 0.29 0.21 0.19
TIK 0.22 0.19 0.18 0.16
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