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Abstract The properties and algorithm type for applying constrained Delaunay triangulation is studied. Based on the
precipitation data from 2200 stations in China from 1980 to 2009, a set of station and boundary points is analyzed using
ordinary Delaunay triangulation. Constrained Delaunay triangulation is achieved by deleting the boundary points and the
relevant edges, and then calculating the spherical triangle area. After converting the geodetic coordinate system to a direct
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coordinate system in space, the interior angles of the spherical triangle can be attained. Precipitation averaged over China

can then be calculated using a weighting factor based on the triangulation area. Comparing the precipitation averaged

over China for different time periods, the mean value standard deviation, when using the triangulation method, is lower

than when using the arithmetic method. However, there is a high correlation between the two methods. Results from our

statistical analysis and examination of these two methods are as follows: Through normal verification of the Shapiro-Wilk

test, the annual mean precipitation from both methods shows a normal distribution. Using a singular variance F-test, the

variance of the two methods is different. Applying a #-test, the differences in the annual mean precipitation values for two

methods is significant at the 0.05 level. Using the 2009 precipitation forecast data from European and Japanese numerical

weather prediction, the authors determined the precipitation values averaged over China using these two methods and

analyzed the results. Compared with the traditional arithmetic averaging method, constrained Delaunay triangulation is

more complete since it factors in both regional mean precipitation and regional climate.

Keywords Constrained Delaunay triangulation, Arithmetic average method, Precipitation averaged over China, Statistical test
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Fig.2 Constrained delaunay triangulation of 2200 observation stations in China
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Fig. 5 Comparison of precipitation averaged over China between the two methods
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TR KE (mm)

BRI OEUE TR HARBMETER i T

1A 0.39 0.45 0.33 0.22
2 H 0.98 1.08 0.98 0.56
3H 1.27 1.42 1.63 1

4 H 1.83 2.06 241 1.54
5H 23 2.53 3.02 2.11
6 H 3.47 3.63 423 3.11
7H 391 3.82 491 3.59
8 H 3.44 3.07 4.18 3.08
9H 2.11 1.98 235 1.67
10 H 1.05 1.05 0.98 0.71
1A 0.91 1 1.4 0.84
12H 0.6 0.67 0.65 0.41
AR 1.86 1.9 2.25 1.57
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Table 3 Average precipitation in the region west of 100°E
from numerical weather predictions and the two methods in
2009

SFEIBE KR (mm)
HAYETR  rik— k=

B O U TR

1A 0.14 0.12 0.01 0.02
2 A 0.28 0.25 0.03 0.05
3 A 0.27 0.33 0.03 0.06
4 0.37 0.49 0.07 0.13
5H 0.68 0.74 0.12 0.34
6 H 0.86 0.72 0.16 0.41
7H 1.18 0.89 0.2 0.71
8 H 1.02 0.69 0.21 0.66
9H 0.72 0.5 0.14 0.36
10 A 0.44 0.31 0.05 0.14
1A 0.25 0.23 0.04 0.09
12 A 0.16 0.16 0.01 0.03
A 0.53 0.45 0.09 0.25
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Table 4 Comparision of monthly and annual average
precipitation in the middle and lower reaches of the Yangtze

River among numerical weather prediction and the two
methods in 2009

P KE (mm)

BRI HAH

BTk (iR Jiik— pRr -
1H 0.53 0.62 0.74 0.74 0.73 0.73 0.75 0.76 0.75 0.75
2/ 3.06 3.02 252 249 246 252 247 245 246 2.54
3H 3.29 3.16 344 345 343 346 3.59 3.61 3.64 3.63
4 4 3.68 39 394 395 3.99 414 425 426 424
5H 4.11 3.7 419 425 424 431 442 451 445 446
6 H 6.04 486 552 555 553 57 571 579 578 591
7H 5.77 558 6.07 6.11 6.08 631 592 596 6.02 6.25
8 J 4.99 4.65 502 507 498 516 48 476 4.75 4.88
9IH 2.31 192 2.1 218 226 236 2.05 2.12 2.14 2.15
10 /] 0.73 072 06 0.6 058 0.61 0.65 0.65 0.61 0.6
11 A 224 278 3.08 3.06 3.05 3.03 3.09 3.06 3.07 3.06
124 1.26 138 148 149 149 15 15 152 1.52 1.53
AR 3.19 3.01 3.22 324 323 331 326 329 3.29 333
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