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Abstract Based on surface radiation balance data and daily meteorological observations collected at 19 radiation stations in Chi-
na from 1993 to 2012, the applicability of seven empirical methods for the estimation of surface effective radiation (including
Brunt model, Penman modified model, Bepasing model, FAO24 modified model, FAO56-PM model, Deng Genyun model, and
Tong Hongliang model) was assessed and a revised method applicable to China was established by re-fitting the formula using
new observational data. The iterative solution method and the multivariate regression analysis method with the minimum root
mean square error (RMSE) was used as the objective function in the revised method. Results showed that the effective radia-
tion over China was underestimated by all the above seven models. The mean absolute percentage error (MAPE) and RMSE
derived from the Tong Hongliang model was 27. 0% and 24.5 W/m? respectively, which are less than those from the other six
models. Thereby the Tong Hongliang model was the best among the seven models for estimating the effective radiation over
China, followed by the Penman modified model and the Deng Genyun model. The FAO56-PM model was not applicable to Chi-
na due to its low accuracy. For individual stations, the accuracy of the Deng Genyun model was the highest in the eastern plain
area while the Tong Hongliang model was suitable for the plateau area because it includes the altitude correction in the atmos-
pheric moisture calculation. Correlation analysis indicated that the water vapor pressure was the most critical factor affecting
the estimated error of the effective radiation. Therefore, the regional models were established for the eastern and western areas
respectively based on geographical distribution of the water vapor pressure. The RMSE calculated by the revised models, which
were developed based on observations, for entire China and for the eastern and western areas were 20. 8 and 21.4 W/m? respec-
tively. Results of the new models were more accurate than that of the seven models mentioned above. Furthermore, the region-
al model produced smaller errors than the model for entire China at most of the stations, indicating that it is necessary to distin-
guish the eastern and western areas in the development of new methods for determination of effective radiation. The western re-
gional model was obviously more accurate than Deng Genyun model in the western area and the eastern regional model was ob-

viously more accurate than Tong Hongliang model in the eastern area. Therefore the regional models developed in this study
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were recommended as the standard climatology models for calculation of the effective radiation over China.

Key words Effective radiation, Model, Assessment, Parameter optimization
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Table 1 Radiation stations used in this study

w5 i 4 % CE) A EECN) TR 7 (m) BERHE By A SR SR HEAE (W /m?)
58362 3 121.45 31. 40 5.5 1993—2012 4f 54.8
57494 I 114.05 30. 60 23.6 1993—2012 4f 46.3
54511 b 116. 47 39. 80 31.3 1993—2012 4 76.0
54342 e 123. 52 41.73 49.0 1993—2012 4 72.1
59287 Il 113.48 23.22 70.7 1993—2012 4f 44.7
57083 H M 113.65 34.72 110. 4 1993—2012 4f 63.8
50953 W R 126. 77 45.75 142. 3 1993—2012 4f 73.9
59948 =i 109. 58 18.22 419. 4 1993—2012 4§ 64.3
50136 5 122.52 52.97 433.0 19932012 4§ 64.6
56294 AR 104. 02 30. 67 506. 1 1993—2003 4f 39.9
56187 bi=Ran 103. 87 30.75 547.7 2004—2012 4¢ 40. 1
51463 8 K57 87.65 43.78 935.0 1993—2012 4f 82.6
52267 7 N i 101. 07 41.95 940.5 1993—2012 4¢ 121.6
51709 W 75. 98 39. 47 1289. 4 1993—2012 4f 86.3
52889 22 | 103. 88 36.05 1517. 2 19932004 4 81.0
52983 i 104. 15 35. 87 1874. 4 2005—2012 4 82.5
56778 A 102. 65 25. 00 1888. 1 1993—2012 4f 70.9
52818 ¥R A 94.92 36. 42 2807. 6 1993—2012 4f 106. 4
55591 PL 91.13 29. 67 3648.9 1993—2012 4f 115.3
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Table 2 Errors produced in the seven different effective radiation parameterization methods

R Evp(W/m?) Evap (%) Erums (W/m?)
i B v 0.71 -12.9 35.1 29.4
w2k 0.76 -4.4 29.6 25. 4
SR R AR 0.74 -27.2 41.5 35.2
FAO24 i 0.77 -28.7 42.1 35.9
FAO56-PM 0.77 -30.8 44.3 37.8
AR = 0.79 -12.6 27.1 25. 8
WA R 0.78 -8.0 27.0 24.5
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