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In this study, the regional frequency analysis is used to determine each subbasin drought frequency with
reliable monthly precipitation and the L-Moments method which is almost unbiased and has very nearly a
normal distribution is used for the parameter estimation of monthly precipitation time series in Nakdong river
basin. As the result of this study, the duration of '93-'94 is most severe drought year than any other water year
and the drought frequency is established as compared the regional frequency analysis result of cumulative
precipitation of 12th duration months in each subbasin with that of 12th duration months in the major drought
duration. The Linear regression equation is induced according to linear regression analysis of drought frequency
between Nakdong total basin and each subbasin of the same drought duration.

Therefore, as the foundation of this study, it can be applied proposed method and procedure of this study to
the water budget analysis considering safety standards for the design of impounding facilities large-scale river
basin and for this purpose, above all, it is considered that expansion of reliable preciptation data is needed in
watershed rainfall station.

Key words : regional drought frequency, L-moments method, water year, partial duration series, linear regression
analysis, L-coefficient of variation, L-skewness, L-Kkurtosis.
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Table 1. Cumulative probability distribution function and inverse function

Type F(X) or X(F) Parameters
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Fig. 1. Subbasin division of Nakdong river basin.
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Table 2. Drought precipitation series of YeongJu station(000272) in Nakdong river basin

(Unit © mm)
Return Exceedence
Rank Deriod  probability 2 4 6 9 12 15 18 21 24 27 30
1 300 9.7 0.3 13 170 548 2498 6025 7062 8167 11218 15342 17215 17840
2 150 93.3 08 20 369 9713 2627 6975 83H6 9366 11407 16586 17832 19154
3 10.0 90.0 0.8 46 453 1086 2015 7767 9424 10802 11902 17963 19106 20206
4 75 86.7 1.0 53 468 1101 3356 7903 9644 11032 12631 19797 21664 22873
5 6.0 833 1.3 56 496 1120 3421 8240 9837 11690 14539 20188 21973 24361
6 50 80.0 1.3 9.2 534 1209 3825 8360 10557 11894 15376 20902 22866 24640
7 43 76.7 15 106 578 1246 3876 8777 10782 12542 16165 22405 23656 0.0
8 38 73.3 26 114 581 1254 3832 830 10&%.1 12613 16361 23267 0.0 0.0
9 33 70.0 28 115 618 1344 4071 9414 10912 13513 17116 0.0 0.0 00
10 30 66.7 30 124 663 1447 4135 9476 11657 13971 0.0 0.0 0.0 0.0
11 27 63.3 30 129 672 1531 4365 9628 11696 15345 00 0.0 0.0 0.0
12 25 60.0 35 154 694 1594 4494 9733 12876 0.0 00 00 00 00
13 23 56.7 37 157 714 1618 4870 9876 14739 0.0 00 00 0.0 0.0
14 21 533 37 165 728 1626 49.1 10139 00 0.0 00 0.0 00 0.0
15 2.0 50.0 37 166 728 1712 4978 1099.0 0.0 0.0 0.0 0.0 0.0 0.0
16 19 46.7 38 195 756 1809 5036 11763 0.0 0.0 0.0 00 0.0 00
17 1.8 43.3 40 209 764 1822 5039 00 00 00 00 0.0 00 0.0
18 L7 40.0 42 211 814 1847 5110 0.0 00 00 0.0 0.0 0.0 00
19 16 36.7 44 217 820 183 5189 0.0 0.0 0.0 0.0 0.0 0.0 00
20 15 333 47 229 834 1895 5215 0.0 0.0 00 0.0 0.0 0.0 0.0
21 14 30.0 52 245 1012 1939 5892 0.0 0.0 00 0.0 00 0.0 0.0
22 14 26.7 55 256 1074 2027 7488 0.0 0.0 0.0 0.0 00 0.0 0.0
23 1.3 233 58 269 1098 2041 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
24 1.2 20.0 59 217 1150 2091 0.0 0.0 0.0 0.0 0.0 00 0.0 00
25 1.2 16.7 64 287 1236 2161 00 00 00 00 00 00 0.0 00
26 1.2 133 74 287 1258 2243 0.0 00 0.0 0.0 0.0 0.0 0.0 00
27 11 10.0 76 292 1264 2537 00 0.0 0.0 00 00 0.0 00 00
28 11 6.7 79 297 13713 2630 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
29 1.0 33 83 331 1432 3520 0.0 00 0.0 00 0.0 00 0.0 0.0
30 1.0 0.0 87 333 1770 4280 00 00 0.0 00 00 00 0.0 00
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Table 3(a). Optimal probability distribution function
for Nakdong river basin(Andong)

oX

o

Table 3(c). Optimal probability distribution function
for Nakdong river basin(Hapcheon)

Heterogeneity measures

Goodness-of-fit measure

Heterogeneity measwres  Goodness-of-fit. measure

mﬁ? Doy | o LSty Lok Oind disbutin  Sekeion mumo? Doy ) v Lty Lk Ol dvluien  Seon
function(Z vahue) function(Z value)
4 — 06 10  -1® GV, GNO PE3 4 — o 98 0@  CLO GEV, GNO, FE3
6 - AR 28 B oo 6 - 4% 03 A% GLOGEV,GNO FE3
9 18 - -1 GLOCLE) 9 - 4% 13 -8 GEV.GNO.PB
Y Y BT IR oo 2 AT M 26 GO, GEV. GNO, PE3
5 A% E om CLOAD) ” 5 SR A3 2B GOGVON
B 2 2w GLO34) 18 A8 8 2B CLO. CEV. GNO. PR3
2 16 1% 2 GLOC3) 2 1% 2B M GLO GEY, GNO, PE3
% S ae 2 9% GLOC3I9 u ST AT GLOCL8D
2 - am 33 3B GLO360) 7 Y GLOCLD)
kY -4 a3 4w GLOCA10 % - GLOI305)

Table 3(b). Optimal probability distribution function

for Nakdong river basin(Imha)

Table 3(d). Optimal probability distribution function for
Nakdong river basin(Namgang)

Dion - Heterogeneity meastres Goomés-of.‘ﬁl' r@sure s Duration _— Heterogeneity measures Gocm?zss-ofjﬂtlmelam i
e el LCV  L-Skew L-Kuto mﬁmv:]ugn o (o) ' L€ L-Skew LKoo Of';mn?lsu\}:lu;?
4 - 20 -1 -1%8 GEV. CNO, PE3 4 - 06 -015 -047  GLO. GEV, GNO, PR3
6 - 2% -6 -13%  GLO, GEV. GNO, PE3 6 - 4 0% 1B GLO
9 - -08 -1 -1 GLO 9 - 09 -118 -1 GLO, GEV, GNO, PE3
12 - -052 110 -1 GLO 12 -19 2210 210 GLO. GEV, GNO, PE3
15 -3 -2 -206 GLO 15 -9 28 30 GLO
18 -176 218 -3 GLO(-223) ao 18 - --1y -1 GLO-1.73) o
2 -8 2% -28 GLO(-360) | - 12 3M 3% GLO
YA -15 259 -258 GLO(-338) A - -9 2% -39 GLO(-241)
7 - 189 2B 3B GLO-419) 7 - 20 2% 3 GLOG-241)
Kt} - -2 214 -39 GLO-4%) 3 - -8 280 3B GLO(-386)
Table 4. Drought precipitation according to each return period (duration : 12 months)
(Unit : mm)
) Return period(year) ) Return period(year)
subbasin  Type 5 5 n 2 0 2 subbasin  Type 5 5 0 20 0 2
201 GLO 82 64 51 4% 454 404 214 GLO 80 654 573 501 462 415
202 GLO 7713 640 9564 495 457 409 215 GLO 83 670 554 450 392 321
203 GLO 811 680 604 534 494 445 216 GLO 906 689 569 462 403 332
204 GLO 80 707 629 561 525 430 217 GLO 93 726 610 506 450 381
205 GLO 794 68 518 56 463 412 | 218 GLO 88 710 606 513 462 39
206 GLO 9% 773 677 58 537 474 219 GLO 1068 8228 694 574 508 428
207 GLO 911 756 671 597 556 507 220 GLO %6 751 639 540 48 421
208 GLO 773 634 554 481 441 391 221 GLO 939 760 666 584 540 488
209 GLO 810 642 549 467 422 368 222 GLO 84 685 58 497 447 383
210 GLO 70 646 568 500 463 418 223 GLO %9 803 716 643 603 557
211 GLO 81 703 630 565 529 434 224 GLO 81 721 628 546 502 449
212 GLO 810 667 58 512 471 421 225 GLO 9% 88 73 673 63 593
213 GLO 764 616 534 461 422 373 Total GLO 893 720 623 538 490 433
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Fig. 2(a). Relationship of return period and drought
rainfall for Andong dam(201).

Fig. 2(c). Relationship of return period and drought
rainfall for Hapcheon dam(216).
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Fig. 2(b). Relationship of return period and drought
rainfall for Imha dam(202).
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Fig. 2(d). Relationship of return period and drought
rainfall for Namgang dam(219).

Table 5. Mean degree of each subbasin 12 months
precipitation in Nakdong river basin

Rank Year Mean degree | Rank Year Mean degree

1 93-94 156 15 8-8 1572

2 6-T1 332 6 8-¥ 1648

3 81-82 356 17 4-T 1820

4 87-88 5.28 18 7374 1864

5 67-68 6.32 19  79-%0 1964

6 91-92 7.12 20 8-& 2160

7 -%5 812 21 -2 2164

8 66-67 836 22 88 21.%

9 75-76 840 23 92-93 2216

10 70-1 983 24 89-90 2244

11 72-73 10.32 2% B 2280

12 80-81 1268 2% 9091 28

13 8% 1272 21 69-70 2512

4  T7-18 14.44 28 48 25.44
5% Fao) 43T 4 gon 7 26y AgHAY
442 thg Table 738 21, Fig. 3a)-(dT FE4F
go 2 HEHYAM 4T, Y, TH 2 37YA
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Table 6. Precipitation & drought frequency of Nakdong river subbasin (Unit : year, mm)
Rank 1 2 3 4 5 6 7 8 9 10
Year 1993 1976 1981 1987 1967 1991 1994 1966 1975 1970
201 Freq. 221 096 302 121 214 1.33 154 199 0.99 3.9
Prec. 718 933 733 889 788 87 845 800 927 692
902 Freq. 7.18 2.26 343 0.73 1.79 1.07 1.25 066 0.78 348
Prec. 601 753 694 938 702 767 751 714 %61 830
203 Freq. 9.51 2.49 895 1.27 331 1.73 2.30 1.27 045 1.35
Prec. 600 74 607 880 733 829 786 830 1,072 869
204 Freq. 1.18 1.49 11.33 0.64 2.06 1.08 0.25 1.44 062 0.35
Prec. 922 84 620 1,026 836 935 1,209 830 1,032 1,139
205 Freq. 9.29 252 6.19 1.80 466 402 1.49 213 1.06 1.07
Prec. 584 79 634 812 671 691 844 785 904 902
206 Freq. 7.13 294 6.41 1.58 1.98 1.05 1.03 0.92 1.27 041
Prec. 721 867 737 987 941 1,075 1,078 1,105 1,033 1,304
207 Freq. 10.34 310 12.24 319 537 1.02 0.90 071 1.88 049
Prec. 671 833 651 829 795 1,018 1,041 1,087 912 1,162
208 Freq. 866 385 414 197 393 1.34 1.09 0.83 1.28 113
Prec. 569 674 664 775 671 840 871 929 848 870
209 Freq. 7.10 283 480 1.92 2.25 1.62 156 1.37 1.27 091
Prec. 5% 743 654 816 786 81 859 836 902 977
210 Freq. 6.79 758 567 2.46 9.25 1.27 047 0.86 222 0.93
Prec. 616 603 638 751 580 84 1,038 922 766 908
911 Freq. 460 1.19 2.08 1.40 1.07 0.78 048 0.75 0.19 0.27
Prec. 719 399 820 876 915 964 1,045 971 1,220 1,148
212 Freq. 859 5.28 360 227 1.14 0.98 2.15 125 3.04 143
Prec. 603 665 718 788 X5 933 79% 88 743 864
213 Freq. 7.26 272 1.82 281 1.74 1.33 117 0.85 1.33 152
Prec. 573 711 776 706 784 832 855 917 832 808
214 Freq. 9.86 342 3.40 386 1.46 1.56 0.91 101 191 1.27
Prec. 576 713 714 696 846 835 931 911 802 870
215 Freq. 2.05 157 1.33 161 1.01 1.40 1.39 1.12 1.28 1.06
Prec. 573 730 80 714 1,087 808 814 90 876 1,040
9276 Freq. 8.25 10.51 203 2.76 0.53 0.9 1.42 0.79 1.42 0.19
Prec. 585 558 769 724 999 891 824 924 824 1,222
217 Freq. 9.76 444 1.8 3.39 2.20 348 335 297 161 1.78
Prec. 608 755 959 813 916 807 816 - 843 97 970
918 Freq. 10.33 462 1.72 597 0.92 222 2.12 1.35 1.83 1.80
Prec. 598 730 933 685 1,089 876 836 991 919 923
919 Freq. 531 49 2.10 542 2.55 233 1.40 263 157 097
Prec. 819 837 1,061 814 1,005 1,031 1,189 997 1,151 1,317
20 Freq. 467 24 1.39 2.49 1.46 1.30 133 1.38 1.06 1.25
Prec. 77 899 1,046 903 1,032 1,064 1,057 1,048 1,119 1,074
21 Freq. 9.56 424 242 8.83 1.10 1.11 2.19 234 257 1.98
Prec. 677 797 892 638 1,044 1,043 910 898 831 929
29 Freq. 2.08 3.69 214 0.76 111 0.60 1.52 1.17 1.36 171
Prec. 856 744 80 1,09 998 1,161 925 987 950 898
3 Freq. 298 391 1.67 0.81 1.04 0.51 0.86 0.76 1.32 0.82
Prec. 830 850 932 1,110 1,064 1,200 1,099 1,122 1,022 1,059
994 Freq. 791 545 270 575 0.81 1.45 2.17 1.17 1.95 0.92
Prec. 661 715 829 707 1,069 946 868 990 838 1,041
25 Freq. 365 240 1.28 1.63 1.12 0.50 1.09 0.98 1.14 0.84
Prec. 886 947 1,046 1,007 1,068 1,214 1,074 1,092 1,065 1,118
Total Freq. 6.30 365 3.38 268 2.09 1.71 1.50 1.67 152 1.15
o Prec. 60 719 792 8M 88 92 949 9% M6 1007

[Note] Freq. : Frequency, Prec. : Precipitation
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Fig. 3(d). Result of linear regression analysis for
Namgang dam(219).
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Table 7. Drought-precipitation frequency equation for Fig. 3(a). Result of linear regression analysis for
Nakdong river subbasin Andong dam(201).
Subbasin  Formula R’ %0
201 201 = 0.567 - Total 0.48 70 Imha damy *
202 202=1.259 - Total—1.300 0.83 g 60
203 203=1.682 - Total—1.050 0.75 £
204 204=0.721 - Total 051 Ea
205 205 =1.419 - Total—0.216 0.78 % 10
206 206 = 1.357 - Total—1.001 0.89 8 20 ek
207 207=2.050 - Total—1.332 0.68 10+
208 208 = 1.481 - Total—0.977 0.99 00
209 209 = 1.182 - Total~0.470 099 0.0 10 20 30 40 50 60 70
Drought Freq (yr, Total)
210 210 = 1.419 - Total 0.53 rought Frea o
211 211 = 0.320 - Total 053 Fig. 3(b). Result of linear regression analysis for
212 212 =1.424 - Total—0.678 097 Imha dam(202).
213 213=1.118 - Total—0.613 0.99 "
214 214 = 1.655 - Total—1.379 0.99 ] o
80 } —Ha heon dam;
215 215=0.167 - Total+0.954 0.81 10l E—
216 216 = 1.455 - Total—1.923 0.86 S 60
217 217 =1.318 - Total+0.102 0.83 %; 50
218 218 =1.626 + Total—0.882 0.85 % 40 K
219 219=0.813 - Total+0.428 071 g0 -
206 = 1.455°Total -1
220 220 =0.656 - Total+0.206 0.95 & 20 *
21 221 = 1.464 - Total~0.122 065 1o
0.0
222 222=0.542 - Total 0.48 00 10 20 30 40 50 60 70
223 223=0.540 - Total+0.084 067 Drought Freq.(yr, Total)
224 24=1.317 - Total=0.503 0.85 Fig. 3(c). Result of linear regression analysis for
225 225=0.555 - Total+0.040 0.97 Hapcheon dam(216).
Mean 0.78
7.0
[ Note 1 201, 202 etc : Subbasin Frequency, Namgang dom
Total : Nakdong Total Basin Frequency _ 80
2 50
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Table 8. Drought rainfall considering the safety
standards for the design of impounding

facilities (Unit : mm)
Subbasin hi frequency 10 years 20 years 30 years
201 642 554 509
202 550 476 438
203 545 475 439
204 671 54 554
205 538 467 430
206 641 550 504
207 601 527 489
208 516 443 406
209 531 47 405
210 534 466 431
211 764 681 636
212 550 476 438
213 528 450 411
214 528 455 418
215 458 293 218
216 513 443 408
217 559 462 414
218 542 453 409
219 7 594 532
220 703 593 536
221 623 541 499
222 677 571 517
223 803 715 667
224 593 510 468
225 830 743 696
Total 623 534 498
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