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Trend Analysis of Extreme Precipitation Using Quantile Regression
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Abstract

The underestimating trend using existing ordinary regression (OR) based trend analysis has been a
well-known problem. The existing OR method based on least squares approximate the conditional mean
of the response variable given certain values of the time t, and the usual assumption of the OR method
is normality, that is the distribution of data are not dissimilar form a normal distribution. In this regard,
this study proposed a quantile regression that aims at estimating either the conditional median or other
quantiles of the response variable. This study assess trend in annual daily maximum rainfall series over
64 weather stations through both in OR and QR approach. The QR method indicates that 47 stations out
of 67 weather stations are a strong upward trend at 5% significance level while OR method identifies a
significant trend only at 13 stations. This is mainly because the OR method is estimating the condition
mean of the response variable. Unlike the OR method, the QR method allows us flexibly to detect the trends
since the OR is designed to estimate conditional quantiles of the response variable. The proposed QR
method can be effectively applied to estimate hydrologic trend for either non-normal data or skewed data.

Keywords : extreme rainfall, trend analysis, quantile regression, linear regression
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Fig. 1. Weather Stations Used in This Study
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Table 1. A Comparison of Statistical Significance Test of Regression Coefficient between QR and OR

No. Quantile Regression | Ordinary Regression No. Quantile Regression | Ordinary Regression
t-Test p-value t-Test p-value t-Test p-value t-Test p-value
1 X 0.0966 X 0.7308 *33 OK 0.0004 OK 0.0044
%2 O.K 0.0064 X 0.3531 *34 0K 0.0028 0K 0.0165
*3 OK 0.0071 OK 0.0344 *35 OK 0.0004 OK 0.0158
4 X 0.0936 X 0.1540 *36 OK 0.0017 OK 0.0342
*5 O.K 0.0019 O.K 0.0389 37 X 0.0903 X 0.5775
x40 O.K 0.0011 X 0.0745 *38 O.K 0.0009 O.K 0.0138
*7 OK 0.0015 OK 0.0496 *%39 OK 0.0497 X 0.6712
8 X 0.1128 X 0.6659 #xx4() OK 0.0090 X 0.1359
9 X 0.0552 X 0.1776 41 X 0.1159 X 0.4146
x%10 O.K 0.0041 X 0.1249 *x42 O.K 0.0230 X 0.9626
wx] 1 O.K 0.0455 X 0.1003 43 X 0.0657 X 0.2642
*x]2 O.K 0.0187 X 0.1695 44 X 0.1268 X 0.3934
*%]3 OK 0.0317 X 0.1568 *45 OK 0.0021 OK 0.0373
w14 0K 0.0114 X 0.1641 *x46 OK 0.0022 X 0.0606
*15 O.K 0.0017 O.K 0.0440 w7 O.K 0.0224 X 0.1472
*%16 O.K 0.0115 X 0.1957 x4 O.K 0.0364 X 0.2818
w17 0K 0.0007 X 0.2148 49 X 0.0957 X 0.6337
*%]8 O.K 0.0221 X 0.1244 50 X 0.1396 X 0.9042
*%19 OK 0.0123 X 0.1202 #x5] OK 0.0320 X 0.5614
#%2() OK 0.0083 X 0.0704 52 X 0.3905 X 0.9536
*x2] O.K 0.0055 X 0.6406 *%53 O.K 0.0016 X 0.0919
*%22 O.K 0.0490 X 0.2014 *54 O.K 0.0002 OK 0.0221
*%23 OK 0.0124 X 0.1306 *%55 OK 0.0219 X 0.5732
24 X 0.1252 X 0.7502 x50 0K 0.0163 X 0.2945
*%25 O.K 0.0109 X 0.2682 *57 O.K 0.0039 OK 0.0156
26 X 0.0960 X 0.9102 58 X 0.1314 X 0.7104
*x 27 O.K 0.0153 X 0.4838 *%50 OK 0.0094 X 0.0953
*%28 O.K 0.0301 X 0.5530 *%6() O.K 0.0272 X 0.1578
*%29 OK 0.0163 X 0.0670 61 X 0.2138 X 0.9186
*30 OK 0.0014 OK 0.0426 *%62 OK 0.0112 X 0.2305
*%x3] O.K 0.0428 X 0.0721 63 X 0.3229 X 0.8994
*%32 O.K 0.0017 X 0.4009 64 X 0.1135 X 0.3054
* QR ORe| A} F A AES Hols 49
wx QRO AFro] EAH A& ]% 8-
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Table 2. A Comparison of Variation of Slope Parameter between QR and OR

. Slope parameter o . Slope parameter o
No. | Station Variation No. | Station Variation
OR QR OR QR
2 100 1.42 4.47 Increase 31 192 1.32 1.69 Increase
*3 101 1.32 1.56 Increase #%32 201 0.90 10.22 Increase
*5 108 1.28 2.08 Increase *33 202 277 3.08 Increase
6 112 1.02 1.60 Increase *34 203 2.07 2.73 Increase
*7 114 1.59 2.57 Increase %35 211 1.82 2.26 Increase
10 127 1.09 2.82 Increase *36 212 1.62 2.65 Increase
11 129 0.88 1.38 Increase *38 221 1.89 2.79 Increase
12 130 0.90 1.53 Increase 39 226 0.43 2.30 Increase
13 131 0.76 1.24 Increase ##4() 232 0.89 3.73 Increase
14 133 0.91 1.85 Increase ##42 236 0.05 -5.97 Decrease(-)
x15 135 0.81 2.10 Increase *45 244 1.30 297 Increase
16 136 0.74 1.55 Increase 46 245 1.64 277 Increase
17 138 0.85 2.24 Increase 47 247 0.81 1.50 Increase
18 140 1.09 2.67 Increase 48 256 0.78 2.24 Increase
19 143 0.62 1.30 Increase 51 262 0.73 3.70 Increase
20 146 0.73 1.21 Increase 53 272 1.10 1.91 Increase
21 152 0.30 1.82 Increase *54 273 0.99 1.66 Increase
22 155 1.91 4.19 Increase LE) 277 0.45 5.06 Increase
23 156 0.80 1.51 Increase *%56 278 0.51 3.32 Increase
25 162 -0.73 -2.22 Decrease(-) | *57 279 1.24 1.78 Increase
xx 7 168 0.32 2.47 Increase 59 284 1.02 2.86 Increase
28 170 -0.71 -3.71 Decrease(-) 60 285 1.12 1.78 Increase
29 184 1.19 1.77 Increase 62 289 1.18 2.86 Increase
*30 189 1.19 2.04 Increase
* QR¥ | BYAE Hol= A
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