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The Application of Various Non-parametric Trend Tests
to Observed and Future Rainfall Data in the Nakdong River Basin
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Abstract

In recent, the various methods to predict the hydrological impacts due to climate change have been
developed and applied. Especially the trend analysis using observed and future hydrological data has been
performed than ever. Parametric or non—parametric tests can be applied for a trend analysis. However, the
non-parametric tests have been commonly used in the case of trend analysis using hydrological data.
Therefore, the two types of non-parametric tests, Mann-Kendall (MK) test and Spearman Rho (SR) test,
were used to detect the trend in the observed and future rainfall data that were collected from the Nakdong
River basin. Also, the Pre-Whitening (PW) and the Trend Free Pre-Whitening (TFPW) as the pre-process
of the trend analysis were performed. Also, the result of trend analysis suggest that those pre—processes
have a statistically significant effect. Additionally, the Sequential Mann-Kendall (SMK) was used to reveal
the beginning point of a trend in the observed and future rainfall data in the Nakdong River basin. The
rainfall patterns in most rainfall gauges using the observed rainfall show the increasing trend and the
abrupt changes in the specific months (from April to May and September to October). Also, the beginning
point of the trend is brought forward by several months when climate change is accelerated. Finally, the
results of this study can provide the useful background for the research related to climate change and
water resources planning in the Nakdong River basin.
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Fig. 1. Rainfall Gauges in the Nakdong
River Basin (@: Observed, A: Future)
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Table 1. Summary of Rainfall Gauges (Observed rainfall)

23
bt

Code Gauge name Location Years Length of record (Year)
20014060 Docheon Bongwhoa 1968 ~2012 45
20054010 Nongaml Mungyeong 1966 ~2005 40
20024050 Gilan Andong 1966 ~2012 47
20024030 Hyeonseo Cheongsong 1965~2012 48
20114020 Jangcheon Gumi 1975~2012 38
20124030 Sinryeong Yeongcheon 1966~2012 47
20124060 Sincheon Daegu 1977~2005 29
20134020 Yaro Hapcheon 1966 ~2012 47
20214030 Sannae Milyang 1967 ~2012 46
20174010 Changnyeong Changnyeong 1966 ~2012 47
20184120 Sugok?2 Jinju 1966 ~2005 40
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Fig. 2. Procedure for Trend Analysis

Table 2. Descriptive Statistics of Annual Total Observed Rainfall (SET2-QY)

Rainfall gauges Mean (mm) Variance Skewness Kurtosis
Docheon 1,071.0 58,368 -0.1627 2.2748
Nongaml 1,341.3 92,450 0.2467 2.3948

Gilan 989.9 58,019 0.3472 2.7206
Hyeonseo 992.5 52,010 0.1264 2.5620
Jangcheon 1,013.6 82,144 0.3108 2.3989
Sinryeong 1,096.9 62,116 0.4665 2.9095
Sincheon 1,1985 123,410 0.4832 3.0275

Yaro 1,213.3 1,16,740 0.0212 2.2226

Sannae 1,230.5 1,03,860 0.1867 2.3700
Changnyeong 1,152.6 870,27 0.1803 2.7930
Sugok?2 1,596.3 2,067,50 -0.0110 2.0296
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Table 3. Descriptive Statistics of Annual Total Future Rainfall (SET4-FY)

No. Gauges Mean (mm) Variance Skewness Kurtosis

RCP45 | RCP85 | RCP45 | RCP85 | RCP45 | RCP85 | RCP45 | RCP85

1 Uljin 1,272.4 1,285.3 68,329 90,791 1.3922 1.0726 7.2433 5.1603
2 Andong 1,066.5 1,068.2 70,831 80,956 1.3815 1.1805 6.8702 4.7291
3 Pohang 1,225.6 1,254.1 64,699 69,680 0.9391 0.4247 4.0128 3.7411
4 Daegu 1,049.7 1,016.1 49,388 43,670 1.6905 0.7926 9.5783 5.6548
5 Ulsan 1,401.9 1,435.7 86,157 99,742 1.1963 0.5572 5.4949 4.0729
6 Changwon 1,348.5 1,442.4 76,058 | 133,990 1.2737 0.8977 8.1597 4.3905
7 Busan 1,542.4 1,648.3 | 134,550 | 241,750 1.2884 0.9236 7.0597 3.8621
8 Jinju 1,529.9 1,642.0 78,929 | 144,560 0.5524 0.5166 4.2684 3.2942
9 Bonghwa 1,248.9 1,242.4 81,977 90,131 1.0673 0.7775 5.5425 4.0707
10 Yeongju 1,358.6 1,376.6 | 159,070 | 166,730 1.8048 1.0742 8.8515 4.2176
11 | Moongyeong 1,312.0 1,294.7 | 111,790 | 111,630 0.9694 0.8694 4.2362 3.7881
12 Yeongdeok 1,223.7 1,266.5 79,854 73,176 2.0458 0.4383 | 11.0844 3.3780
13 Uiseong 1,022.3 992.5 66,393 52,968 1.7428 1.2865 8.6447 7.0556
14 Gumi 1,058.1 1,044.1 48,065 51,594 1.0213 1.0895 4.5035 5.2361
15 Yeongcheon 1,045.6 1,044.5 51,735 50,357 1.2793 0.9581 5.8953 6.2195
16 Geochang 1,213.9 1,235.4 60,428 59,550 0.9319 0.5488 4.2726 3.5737
17 Hapcheon 1,225.2 1,272.1 53,248 66,461 0.8190 0.5519 4.3506 3.8656
18 Milyang 1,314.4 1,359.7 75,254 96,361 1.1768 0.5132 72171 4.2245
19 Sancheong 1,457.7 1,532.5 99,486 | 125,220 1.0677 0.4296 4.8947 2.8658
20 Geoje 1,300.9 1,377.4 71,586 96,492 0.3924 0.4093 3.2733 3.9322
21 Namhae 1,628.5 1,790.5 | 148,290 | 292,890 0.9357 1.2104 4.0473 5.3753
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Fig. 3. Monthly Pattern of Nakdong River Basin
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Fig. 4. Annual Time Series of Nakdong River Basin
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Tables 5 and 6°+= SET3-FM % SET4-FYE o 2] RCP 45 Aluke] 20 o3k u)ef7d-9-2= 57 7450 1)
o2 gk dE gdde) v A9 dde sk d AR Yehile 24t 49E SUENeS & 5
Ay BNATE £330 Table 58 BH, fo5 Row, MR uge WE WelA Zee] 37}
+ b%elAE SET3-FMeO| 107 8471 71Z7= A, FA7F BA AArse] vlsl] FAs] vERgE & 5 A
SET4-FY9] 77l 827} 7174 =& & 5 Ul =gt o} 53] €= 1y 799 A 20N #EA T W B
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Table 4. MK Test Statistics of Individual Precipitation Gauges in Nakdong River Basin

) Monthly total Annual

Station

1 2 3 4 5 6 7 8 9 10 11 12 total
Docheon 0.8608 | -0.7435| 1.6826 | -0.7435 09| -05380| 09195| -0.3326| 0.2837| -0.6652 | -1.8195 | -0.4989| 0.5380
Nongaml | -0.3379| -1.2583 | -0.7573| -0.0699 | 0.7573| 1.7011| 0.6641| 09321| 0.8039| -1.0486| -15379| 1.3282| 1.4447
Gilan -0.3485 | -0.3576| 0.3124| 05502| 15498| 00642 1.1830| 1.2380| 0.4402| -0.9537 | -0.6328| 1.1463| 1.0638

Hyeonseo | -1.2105| -1.2564 | -2.4760 | -1.9166 | 1.0821| -0.2017 | -0.5777 | 0.5044| -0.3760 | -1.2839 | -2.0725 | -0.2293 | -1.2930

Jangcheon 1056 | -0.2514| 03772| 0.1634| 2.3132| -0.088| 1.0686| 1.5041x| 1.1189| 0.1509| -0.2137| 0.7292 | 2.3384

Sinryeong | -1.238| -0.4952| -0.3760 | -0.7153| 15498| 04127| 0.7245| 09170| 0.7978| -0.9996 | -1.3114| 14764 | 0.8162

Sincheon 07878 | 09379 0| -0.0938| 2.2322| 0.6565| 07878| 1.4444| 05627 | -0.5065| -0.4877| -0.1876| 0.9681"

Yaro -0.7887 | -0.8712| -0.8895| 14306| 0.2935| 09996| 05319 0.7795| 0.2659 | -1.6599 | -1.4856 | -0.5044 | 05961

Sannae -1.4392 0| 05681| -1.6191| 1.0036 0| 15717| 06154| -0.3124| -0.6249 | -1.0131 | -0.3787| 0.7953
Changnyeong | 05686 | -0.2384 | -0.5869 | -1.1371 | 1.2013| -0.3668 | 14122| 0.2293 0.11| -0.8437 | -0.9354| -0.4769 | 0.8804

Sugok? 0.0699 | -05942| 0.0233| -1.1535| 15726« | 05476| 1.7011| 1.5263| 0.9670| -1.1884| -0.6059 | -0.5476| 1.4797
+Applied to TFPW method, Bold: Rejected (a=0.05), Bold + Bold: Rejected (a=0.10)

Table 5. MK Test Statistics of Nakdong River Basin by RCP4.5 Scenario
Gauge Monthly total Annual |Starting
1 2 3 4 5 6 7 8 9 10 11 12 total | trend
Uljin -0.65|-1.4992 [ -0.0849 | 0.0425 | -0.2515 [2.4128" | 2.1361 | 1.0713 | 1.7148 | -0.7937| 1.1595|-0.1894| 1.1040| -

Andong  |-0.3724|-0.3985| 0.6957| 1.5449| 0.1339| 0.4148| 1.9892 | -0.1829 | 0.6729 |-0.2842| 1.1236| 0.8721| 2.1949| 2057

Pohang | -0.4475 |-1.4568 | 0.0686| 0.3364|-05095| 1.2216| 1.7213 | 05814 | 15482| 0.1111| 1.3686|-0.0163| 15809 -

Daegu  |-0.0588 [-1.2640 | 0.7403| 0.9080|-0.6990| 0.3593 | 2.1459 | 0.3756| 1.1432| 0.0915| 1.3784| 05161 | 2.0278* | 2058

Ulsan -0.7218 [-1.8160 | 0.1045| 0.3593 |-0.8198| 0.1960 | 1.9238 | 0.7512| 09799 |-0.2482| 05814 | 0.1143| 1.0583| -

Changwon |-0.1209 | -1.1661 | 0.8264| 0.6239|-0.2156 |-0.1274 | 2.6881 | 0.2809 | 0.4834 |-04638| 1.0550 | 0.1404| 2.2145| 2056

Busan | -0.0882 [-1.4666 | 0.4246| 1.3098| 0.0457|-0.1078 | 2.8123 | 0.2319| 0.1796 |-0.0686 | 1.1334| 0.1731| 1.9349"| 2057

Jinju -0.1796 | -1.0844 | 0.8558 | 0.9113|-0.0261| 0.1176| 2.2178 | 0.2874| 0.6794 |-05487 | 0.7578 | 0.1274| 1.8944| 2048

Bonghwa 0-0.3985| 0.3822| 1.4633| 05749 | 0.4344| 1.2608|-0.0915| 05063 |-0.5193| 1.0387 | 12183 | 2.2015| 2048

Yeongju |-0.5520|-0.4279| 0.7578| 1.6299| 0.9048 | 1.0583| 1.9924 | 0.2515| 0.8590 |-0.6337| 1.1301 | 0.8525| 3.0699" | 2045
Moongyeong | -0.6631 | -0.5324 | 0.7284 | 1.6331| 0.2711| 0.7349| 0.8329| 0.1731| 0.6663|-0.2025| 1.0093 | 0.9668| 1.9467| 2046

Yeongdeok |-0.5128|-1.5351| 0.0294| 0.1927[-0.4867| 1.3490| 1.1203| 1.1889| 1.7964 |-0.2711 | 1.2216|-0.1013| 1.1432| -
Uiseong | -0.0294 |-0.1209 | 0.6337| 1.0779|-0.2809 | 0.3332| 1.4372| 0.1078| 0.8460| 0.0196| 1.1399| 0.3887| 1.4238«| -
Gumi -0.3691 [-0.7022 | 0.7545| 1.0713|-0.9505| 0.9407 | 1.3294| 0.1209| 1.0387|-0.0261| 1.3032| 0.2548| 14110 -
Yeongcheon | -0.0915 | -1.4372| 0.2646| 0.9440 |-0.5683 | 05520 | 1.7377 | 05749 | 1.1203| 0.1502 | 1.4241| 0.3136| 1.6789| 2055

Geochang | -0.4279 [-0.9603 | 1.3784| 1.1922|-0.9864| 0.2482| 1.2183|-0.2417| 0.8394|-0.1078| 0.8558| 0.3266| 1.3784| -

Hapcheon | -0.1894 [-1.3555| 1.2216| 0.7708|-0.1404| 0.4116| 1.8389 | 0.2940| 0.9472|-0.3854| 0.7349| 0.3756| 1.9402| 2058

Milyang | -0.1470 |-1.1628 | 0.6565| 1.1889|-0.5193|-0.3103 | 1.6952 | 0.1404| 0.3136| 0.0817| 15515| 0.3430| 1.6593| 2055

Sancheong |-0.4703 |-1.2902 | 1.0942 | 1.1367| 0.0229| 0.4181 | 2.0515 | 04409 | 1.1759 |-0.6402| 0.8656| 0.1600 | 2.2799| 2048

Geoje 0.0751 | -0.8852 | 0.7153| 0.9440|-0.7970 [ -0.7937 | 1.3751 |-0.2156 | 0.2613|-0.1731| 0.7512| 0.1764| 1.1040| -

Namhae | 0.0653|-0.8100| 0.8133| 1.1726|-0.4703 | -0.5455 | 2.7927 | 0.6141| 04050 | 0.3724| 1.0779| 0.1535| 2.1949 | 2046
*Applied to TFPW method, Bold: Rejected (a=0.05), Bold + Bold: Rejected (a=0.10)
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Table 6. MK Test Statistics of

Nakdong River Basin by RCP8.5 Scenario

Gauge Monthly total Annual |Starting
1 2 3 4 5 6 7 8 9 10 11 12 total | trend

Uljin -0.6271 | 2.9305+| 0.1404 | -0.1078 | -0.1013 | 1.4110| 1.2608| 0.5585| 0.2613 | -0.8884| 0.1502 | -0.1048| 1.2869 -
Andong 1.0909 [ 4.9353 | 0.9668 | -0.6239 | -1.4045 | 1.5384 | -0.5422 | -0.9897 | -0.2842 | -0.3299 | 0.0653| 1.4960| 1.6462 | 2030
Pohang 05912 | 3.6673+| 0.9440 | -0.5683 | 0.0849| 0.2711| 0.9015| 1.8128 | 0.8296| 0.5161|-0.2744| 0.7186 | 2.3191 | 2038

Daegu 1.5090 [ 4.1917+| 1.4992 | -0.4965 | 0.1502 | 0.6239 | -0.4638 | -0.4889 | 0.7088 | 0.4050 | -0.0653 | 1.5417 | 1.3588 -
Ulsan 0.98974.0012 | 1.0648 | -0.8296 | 0.9113| 0.3920| 1.3359| 1.6893 | 0.3201 | 0.1045|-0.2417| 0.9178|2.7437 | 2041
Changwon | 1.8585 |4.6120 | 1.6070 | -0.0751|-0.0196| 0.8002| 1.8585| 0.8982| 0.3952|-0.1633| 0.3234| 1.4698 | 2.7248*| 2040
Busan 1.7377 | 45532 | 1.4568|-0.3266| 0.0229| 0.7447| 1.4176| 0.8917| 0.5455|-0.0882 | -0.1437| 1.3196| 2.5854*| 2050
Jinju 1.6919 |4.3703 | 1.4535|-0.1470| -0.2352| 0.9342| 0.8231| 0.6304| 0.0523 | -0.1698 | -0.0621 | 1.4241|1.9990 | 2041

Bonghwa | 0.72184.9027 | 1.2053 | -0.3626 | -1.4110| 1.2510| 0.1633 | -1.2706 | -0.5226 | -0.9635 | 0.0523 | 0.8264 | 1.5678 -

Yeongju 04769 | 4.5369 | 0.8656 | -0.6337 | -1.6233 | 1.2444| 1.3196 | -0.5749 | -0.3593 | -0.3789 | 0.1568| 1.1399|2.0578 | 2032
Moongyeong | 0.5455 |4.4421 | 0.8982 | -0.5487 |-1.6593 | 1.2020 | 0.5487|-0.9635 | -0.2613 | -0.2515| 0.0784| 1.3261| 1.4110 -

Yeongdeok | 0.0229 | 3.5146+| 0.5030 | -0.1045| -0.1633| 1.6070| 0.7083 | 1.4304| 09342 |-0.1764| 0.0229| 0.5618]|2.4301 | 2040

Uiseong 1.4274 1 4.3974+| 1.1040 | -0.5651 | -1.2804 | 0.6533 | -1.0452 | -1.0223 | 0.0817 | 0.0784|-0.1470| 1.7050 | 1.0713 -

Gumi 1.3457 [ 3.9394+| 1.2836 | -0.8656 | -0.1013 | 0.4181 | -0.5063 | -0.9146 | 0.2646 | 0.3430 | -0.4638 | 1.7279 | 1.0648 -

Yeongcheon | 1.2053 | 4.1784*| 1.1759 | -0.4997 | -0.2123| 0.1078| -0.0065 | -0.1502 | 0.0490 | 0.1502 | -0.2254 | 1.2967 | 1.0670 -

Geochang | 1.7377 | 3.9063+| 1.4372|-0.2776| 0.0098 | 0.5291| 0.4736|-0.2874|-0.1568 | 0.1339 | -0.6794| 1.5058|1.7115 | 2036

Hapcheon | 1.7050 |3.8797+| 1.3424|-0.4050| 0.0457| 0.7153| 0.7937| 0.1535| 0.1731| 0.1927|-0.4605| 1.5058]| 1.6331 -

Milyang | 2.0480 [4.9451 | 1.7050 | -0.2058 | -0.4116 | 0.8133| 1.2640| 0.1176| 0.2352| 0O 0.4801| 1.5743|2.1427 | 2034

Sancheong | 1.6723 |4.1678 | 1.3098 | -0.2319| 0.3103| 1.0615| 2.3191| 0.7545| 0.0490 | -0.0751 | -0.5749 | 1.3457| 3.2271 | 2040

Geoje 1.8095 | 4.2690 | 1.8552 | -0.0490| 0.1470| 0.2254| 06892 | 1.0289| 1.0550| 0.4116 | -0.3201 | 1.7083 | 2.7845*| 2039

Namhae | 1.7213 [4.4977 | 2.1231|-0.2450| 0.3201| 0.8852| 3.3885| 1.5123| 0.8656 | -0.0784 | -0.0327 | 1.8160 | 3.5014*| 2033

#*Applied to TFPW method, Bold: Rejected (a=0.05), Bold + Bold: Rejected (a=0.10)
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Table 7. Comparison between Original Series, Series with PW and Series with TFPW

Conﬁde_nce limit Original time series PW time series TFPW time series
Gauge 7 (=0.10)
Lower | Upper | Zux \ P \ B | % \ P \ B | Zux \ p \ B
Observed precipitation data
Sincheon (annual) 0.303 | -0.341 | 0.270 | 1.613 | 0.107 | 13.571 | 0.336 | 0.737 | 3904 | 0.968 | 0.333 | 8.010
Jangcheon (AUG) -0.336 | -0.294 | 0.240 | 1.656 | 0.097 | 3.167 | 2.053 | 0.040 | 4.130 | 1.504 | 0.133 | 3.066
Sugok2 (MAY) 0292 | -0.286 | 0.234 | 1.678 | 0.093 | 1.906 | 1.186 | 0.236 | 1.239 | 1.573 | 0.116 | 1.796
RCP4.5 scenario (annual total precipitation)
Daegu 0.162 | -0.180 | 0.159 | 2.326 | 0.020 | 1.747 | 1.630 | 0.103 | 1.177 | 2.028 | 0.043 | 1.459
Busan 0.161 | -0.180 | 0.159 | 2.130 | 0.033 | 2.719 | 1.596 | 0.110 | 2.129 | 1.935 | 0.053 | 2.566
Yeongju 0.251 | -0.180 | 0.159 | 3.338 | 0.001 | 4.006 | 2.320 | 0.020 | 2.889 | 3.070 | 0.002 | 3.892
Uiseong 0.187 | -0.180 | 0.159 | 1777 | 0.076 | 1.422 | 1.072 | 0.284 | 1.001 | 1.424 | 0.155 | 1.267
RCP85 scenario (annual total precipitation)
Changwon 0.265 | -0.180 | 0.159 | 2933 | 0.003 | 3.614 | 1.902 | 0.057 | 2.368 | 2.725 | 0.006 | 3.324
Busan 0.237 | -0.180 | 0.159 | 2.803 | 0.005 | 4671 | 1.942 | 0.052 | 3.286 | 2585 | 0.010 | 4.394
Geoje 0.234 | -0.180 | 0.159 | 2.985 | 0.003 | 3.389 | 2.174 | 0.030 | 2.384 | 2.785 | 0.005 | 3.176
Namhae 0.301 | -0.180 | 0.159 | 3.769 | 0.000 | 6.609 | 2.413 | 0.016 | 4.003 | 3.501 | 0.001 | 5.994

Zyi Test statistic of Mann-Kendall test, p: Significance probability, §: Sen’s slope
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