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Calculation of unbiased plotting position for
Pearson type-[ll distribution

WANG Yujie, SONG Songbai

(College of Water Resources and Architectural Engineering s Northwest A&F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] This study investigated unbiased plotting position formula for Pearson type-[ll
distribution. [Method) Expected values of order statistics and double exponential transform method for nu-
merical integration were used to calculate the numerical value of plotting positions for Pearson type-]I.
Then,linear regression was used to develop an approximate unbiased plotting position formula. The derived
formula and existing formulas using Monte Carlo experiment were also compared. [Result] Numerical solu-
tions of plotting positions of Pearson type-[[| distribution can be calculated using the double exponential
transform method for numerical integration. The unbiased plotting position formula was examined to be
highly descriptive and predictive through statistical tests. Under the two evaluation criteria of PPCC and
RMSE,annual precipitation data from 36 stations in Guanzhong was chosen for frequency calculation and
the goodness of fit was evaluated. The best formula fitting stations were 72. 2% and 69. 4% out of the total
stations, respectively. [Conclusion] The developed formula can be applied to hydrological frequency analy-
sis of precipitation data in Guanzhong with good fitting.
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Fig. 1 Transformation function ¢(#) and its derived function ¢ (¢)
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Table 1 Comparision of expected values of order statistics from two numerical integration
methods and Harter table when n is 100 and C, is 2

e FALE R R i s BRLHAR RUR B it ik

Harter Gauss- Double- Error Harter Gauss- Double- Error
Number Laguerre Exponential (1) 2) Number Laguerre Exponential [@h) (2)
1 5.187 38 5.185 57 5.187 38 0.001 81 0 50 0.708 17 0.459 84 0.708 17 0.248 33 0
2 4,187 38 4.192 61 4,187 38 —0.005 23 0 60 0.524 17 0.871 35 0.524 17 —0.347 17 0
3 3.687 38 3.717 18 3.687 38 —0.029 80 0 70 0. 368 83 0.064 47 0. 368 83 0. 304 36 0
4 3.354 04 3.335 53 3.354 04 0.018 51 0 80 0.234 40 0.483 44 0.234 40 —0.249 04 0

5 3.104 04 2.988 74 3.104 04 0.115 30 0 90 0.115 92 0.014 07 0.115 92 0.101 85
10 2.358 41 2.448 67 2.358 41 —0.090 26 0 100 0.010 00 0.005 94 0.010 00 0.004 06 0

20 1.639 64 2.152 61 1.639 64 —0.512 97 0
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Table 2 Linear regression of a; and b,
C,=0.1 C,=3 C,=0.1 C,=3
n n
ai by ai by ai b ai b

5 10. 291 28 —5.654 54 10. 983 63 —6.425 44 55 110. 200 26 —55.609 17 111.051 59 —56.514 46
10 20. 256 56 —10.637 23 21.005 06 —11.458 58 60 120.198 53 —60. 608 30 121. 053 30 —61.516 24
15 30.239 07 —15.628 52 31.017 84 —16.475 61 65 130.197 01 —65.607 54 131. 054 81 —66.517 81
20 40. 228 22 —20.623 11 41.026 49 —21.486 31 70 140.195 67 —70.606 87 141. 056 16 —71.519 19
25 50.220 72 —25.619 37 51.032 80 —26.493 77 75 150. 194 48 —75.606 28 151. 057 37 —76.520 42
30 60. 215 18 —30.616 61 61.037 66 —31.499 32 80 160. 193 41 —80. 605 74 161. 058 46 —81.521 53
35 70.210 89 —35.614 47 71.041 53 —36.503 64 85 170.192 44 —85.605 26 171. 059 46 —86.522 53
40 80.207 46 —40.612 76 81.044 70 —41.507 12 90 180. 191 57 —90. 604 83 181. 060 36 —91.523 43
45 90. 204 64 —45.611 35 91.047 36 —46.509 98 95 190. 190 77 —95.604 43 191.061 19 —96. 524 26
50 100. 202 28 —50.610 17 101. 049 63 —51.512 40 100 200.190 04 —100.604 06 201.061 96 —101.525 03
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Table 3 Linear regression of ¢, ,c¢y ,¢5,and ¢,

C. o o B o C. o o B o

0.1 1.999 27 0.249 59 —0.999 63 —0.633 77 1.6 1.999 38 0.427 15 —0.999 75 —0. 888 34
0.2 1.999 27 0.252 13 —0.999 64 —0.644 43 1.7 1.999 41 0.453 52 —0.999 78 —0.916 39
0.3 1.999 27 0.255 30 —0.999 64 —0.655 39 1.8 1.999 45 0.482 17 —0.999 81 —0.946 32
0.4 1.999 27 0.259 54 —0.999 64 —0.666 97 1.9 1.999 50 0.513 15 —0.999 84 —0.978 19
0.5 1.999 27 0.264 97 —0.999 65 —0.679 30 2.0 1.999 55 0. 546 50 —0.999 89 —1.012 04
0.6 1.999 27 0.271 67 —0.999 65 —0.692 43 2.1 1.999 62 0.582 23 —0.999 94 —1.047 93
0.7 1.999 27 0.279 72 —0.999 65 —0.706 48 2. 1.999 69 0.620 37 —1. 000 00 —1.085 88
0.8 1.999 28 0.289 20 —0.999 66 —0.721 52 2.3 1.999 77 0.660 91 —1. 000 06 —1.125 93
0.9 1.999 28 0. 300 18 —0.999 66 —0.737 62 2.4 1.999 86 0.703 85 —1.000 13 —1.168 09
1.0 1.999 28 0.312 77 —0.999 67 —0.754 90 2.5 1.999 97 0.749 18 —1.000 21 —1.212 37
1.1 1.999 29 0.327 04 —0.999 67 —0.773 43 .6 2.000 08 0.796 85 —1.000 30 —1.258 77
1.2 1.999 30 0.343 11 —0.999 68 —0.793 32 2.7 2.000 20 0. 846 85 —1.000 39 —1.307 27
1.3 1.999 31 0.361 07 —0.999 69 —0.814 67 2.8 2.000 33 0.899 13 —1.000 50 —1.357 89
1.4 1.999 33 0.381 00 —0.999 71 —0.837 55 2.9 2.000 47 0.953 65 —1.000 61 —1.410 59
1.5 1.999 35 0.403 00 —0.999 73 —0.862 09 3.0 2.000 62 1.010 37 —1.000 73 —1.465 36
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Table 4 Bias between different formulas and exact plotting position for E(x)=100,C,=1,C,/C,=2.5,n=140

¥ 5 B A T A

Number Numerical solution  Derived formula Weibull Blom Gringorten Cunnane Nguyen
1 0.014 37 0.021 58 0.697 14 0.080 48 0.028 76 0.038 55 0. 000 20
2 0.038 49 0.009 27 0.267 49 0.049 03 0.010 33 0.034 17 0.017 45
3 0.063 14 0.007 68 0.158 87 0.032 91 0.010 60 0.024 34 0.012 69
4 0.087 90 0. 005 81 0.109 97 0.024 65 0.009 54 0.018 85 0.009 43
5 0.112 68 0.004 48 0.082 25 0.019 74 0.008 66 0.015 49 0.007 31
10 0.236 72 0.001 58 0.030 34 0.010 18 0.006 61 0.008 81 0.002 96
15 0.360 79 0. 000 58 0.014 03 0.007 10 0.005 87 0. 006 63 0.001 51
20 0.484 89 0. 000 03 0.006 00 0.005 53 0.005 45 0.005 50 0.000 74
25 0.609 05 0. 000 38 0.001 16 0.004 52 0.005 11 0.004 75 0. 000 20
30 0.733 30 0.000 78 0.002 17 0.003 72 0.004 76 0.004 12 0. 000 29
35 0.857 71 0.001 26 0.004 72 0.002 96 0.004 32 0.003 48 0. 000 82
40 0. 982 06 0.001 55 0.006 57 0.002 45 0.004 05 0.003 07 0.001 17
JSF Sum 19. 900 70 0.002 10 0.043 79 0.010 41 0. 006 40 0.008 32 0.002 37
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Table 5 Bias between different formulas and exact plotting position, for E(x)=100,C,=3,C,/C,=3,n=60
= —— e

N?m?)cr Numciﬂi{aﬁlﬁlution Dcrﬁt\gcj ﬁ)ft&lula Weibull Blom Gringorten Cunnane Nguyen
1 0.009 08 0.057 40 0. 804 58 0.141 90 0.025 36 0.097 14 0.047 51
2 0.024 88 0.004 47 0.317 70 0.083 96 0.042 85 0.068 17 0.041 84
3 0.041 13 0.007 12 0.195 72 0.059 28 0.035 28 0. 050 06 0.029 16
4 0.057 48 0.006 51 0.140 83 0.046 74 0.030 20 0. 040 39 0.021 88
5 0.073 87 0.005 66 0.109 68 0.039 23 0.026 84 0.034 47 0.017 30
10 0.155 95 0.003 12 0.051 21 0.024 39 0.019 67 0.022 57 0.007 89
15 0.238 07 0.002 18 0.032 91 0.019 63 0.017 29 0.018 73 0.004 81
20 0.320 15 0.001 82 0.024 10 0.017 40 0.016 23 0.016 95 0.003 41
25 0.402 19 0.001 74 0.019 01 0.016 22 0.015 73 0.016 03 0.002 72
30 0.484 16 0.001 82 0.015 79 0.015 58 0.015 54 0.015 56 0.002 39
35 0.566 05 0.002 01 0.013 64 0.015 26 0.015 54 0.015 37 0.002 29
40 0. 647 86 0.002 29 0.012 16 0.015 16 0.015 68 0.015 36 0.002 36
45 0.729 57 0.002 64 0.011 15 0.015 21 0.015 92 0.015 48 0.002 54
50 0.811 19 0.003 03 0.010 46 0.015 37 0.016 23 0.015 70 0.002 80
55 0.892 77 0.003 38 0.009 93 0.015 53 0.016 51 0.015 91 0.003 04
60 0.975 39 0.002 62 0.008 42 0.014 59 0.015 68 0.015 01 0.002 18

HEFl Sum 29.518 80 0.003 67 0.046 20 0.022 21 0.017 99 0.020 59 0.006 08
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Table 6 Predictive ability of different plotting position formulas under given conditions
?fjj?g% Retiiﬂﬁriod Weibull Blom Gringorten Cunnane Nguyen Dej%i%ifnula
50 —0.015 01 —0.004 45 —0.002 68 —0.003 77 0.001 15 0.001 28
100 —0.015 85 —0.006 10 —0.004 59 —0.005 51 0.001 51 0.001 36
RB 200 —0.016 23 —0.007 76 —0.006 63 —0.007 31 0.001 98 0.001 51
500 —0.016 16 —0.009 97 —0.009 45 —0.009 74 0.002 73 0.001 80
1 000 —0.015 76 —0.011 64 —0.011 63 —0.011 60 0.003 37 0.002 07
RMSRB 0.015 81 0.008 39 0.007 70 0.008 09 0.002 29 0.001 63
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Table 7 Correlation coefficient of different plotting position formulas in the study area
“JM Iﬁ Gringorten Nguyen ﬁg#é‘\fﬁ ‘?B]'J m]‘ Gringorten Nguyen W‘E‘F/Aﬁ
Station Derived formulal Station Derived formula
E X uh Baojizhan 0.992 65 0.991 05 0.993 08 & F Fuping 0.996 95 0.993 86 0.997 06
439 H Baojixian 0.971 59 0.969 12 0.971 75 K7 Dali 0.993 85 0.992 32 0.993 88
JAH Fengxian 0.993 23 0.992 66 0.992 95 P 3k Chengcheng 0.987 86 0.991 43 0. 986 30
JA# Fengxiang 0.986 46 0.981 02 0. 987 32 7K Baishui 0.990 81 0.990 21 0.990 63
X Fufeng 0.986 52 0.976 75 0. 987 44 P44 Xian 0. 994 90 0.994 81 0.994 93
B 7% Linyou 0.986 89 0.983 99 0.987 01 J&l & Zhouzhi 0.991 22 0.990 65 0.991 55
B B Longxian 0.992 95 0.989 66 0.993 19 IIfi % Lintong 0.993 23 0.992 61 0.993 25
J& H Meixian 0.992 44 0. 989 89 0.992 24 % M Lantian 0.995 83 0.995 49 0.996 08
U7 111 Qishan 0.991 04 0. 988 50 0.991 48 1 E Huxian 0.995 24 0.995 19 0.995 50
T-BH Qianyang 0.990 92 0.990 07 0.991 33 # £ Binxian 0.995 87 0.994 74 0.995 34
K H Taibai 0.992 07 0.990 25 0.990 90 K i Changwu 0.994 79 0.993 41 0.994 84
H 1 Weinan 0.994 70 0.993 04 0.994 80 #L 4% Liquan 0. 990 30 0.989 11 0.990 46
1 % Tongguan 0.993 35 0.993 48 0.993 06 17 4 Qianxian 0.983 49 0.982 38 0.983 39
8 Pucheng 0.988 26 0.983 35 0.987 99 2 Wugong 0.986 76 0. 983 00 0. 987 29
12 Huayin 0.993 15 0.990 38 0.993 72 JB P Xianyang 0.978 30 0.952 94 0.979 78
1 B Huaxian 0. 989 36 0.987 42 0.989 55 25F- Xingping 0.993 80 0.992 61 0.993 81
4 FH Heyang 0.976 83 0.979 42 0.975 67 Jk ## Yongshou 0. 987 61 0. 985 49 0. 987 90
i Hancheng 0.990 47 0.990 43 0.988 61 %4k Chunhua 0.975 62 0.973 46 0.975 70
R8 MRRBEPADLREAMLEARXNNAFTREERNER
Table 8 Root mean square error of different plotting position formulas in the study area
(}ﬂljiﬂ,‘ Gringorten Nguyen JE%/L\\IJQ & rl'!“ Gringorten Nguyen %EEF/L‘\IJC
Station Derived formulg Station Derived formula
E X uh Baojizhan 0.023 79 0.025 47 0.023 15 & F Fuping 0.017 88 0.022 81 0.018 07
4 %9 8 Baojixian 0.231 13 0.228 64 0.225 21 K7 Dali 0.035 86 0.037 32 0.035 49
JAH. Fengxian 0.021 47 0.023 73 0.021 70 V& 3k Chengcheng 0.044 04 0.042 37 0.042 90
JAFH Fengxiang 0.032 26 0.036 98 0.031 91 7K Baishui 0.033 75 0.034 37 0.033 41
#: X Fufeng 0.038 67 0.047 36 0.038 50 P44 Xian 0.023 56 0.023 61 0.023 29
3% Linyou 0.041 50 0.043 68 0.041 17 J&l & Zhouzhi 0.042 56 0.043 27 0.041 94
B B Longxian 0.029 05 0.033 56 0.028 84 Ifi % Lintong 0.035 91 0.036 73 0.035 21
J& B Meixian 0.041 89 0.043 97 0.041 19 W M Lantian 0.023 89 0.023 60 0.023 49
Iz 11} Qishan 0.029 96 0.032 78 0.029 83 J1 B Huxian 0.019 16 0.018 75 0.019 49
T BH Qianyang 0.031 30 0.031 98 0. 030 54 # H Binxian 0.021 84 0.021 83 0.021 41
K H Taibai 0.034 38 0.037 35 0.033 13 K Changwu 0.028 74 0.030 43 0.028 27
1R Weinan 0.033 30 0.034 76 0.033 05 #L 4 Liquan 0.042 01 0.043 83 0.042 36
i 5 Tongguan 0.025 72 0.025 76 0.025 23 i B Qianxian 0.050 73 0.052 11 0.050 98
73 Pucheng 0.055 24 0.057 80 0.054 80 K3 Wugong 0.038 37 0.041 69 0.038 03
1EBH Huayin 0.038 14 0.041 57 0.037 17 J& BH Xianyang 0.068 85 0.081 06 0.068 84
£ H. Huaxian 0.045 36 0.046 95 0.045 83 MAF- Xingping 0.035 66 0.037 16 0.035 91
£ W1 Heyang 0.041 53 0.041 06 0.042 14 7k 7 Yongshou 0.042 39 0.043 97 0.042 63
#3% Hancheng 0.050 30 0.052 55 0.051 50 4k Chunhua 0.158 23 0.160 03 0.160 53
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