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Abstract

Over recent decades Iran and especially its western regions
have suffered from devastating floods. Planning and designing
hydraulic structures require information from flood magnitude
corresponding to a given occurrence probability. Hence, in this
study, we aimed to determine flood homogeneous regions and
regional growth curves using L-moments and flood index
method for annual maximum flow of 62 sub-basins in Great-
Karoon and Karkhe basins. Moreover, the impacts of droughts
and hydraulic structures on the stationary and stochastic nature
of floods were investigated using Mann-Kendall trend test,
Pettitt’s change point detection test (CPD) and graphical
interpretations. It was found that there are five hydrological
homogeneous regions in the study area. The goodness of fit
tests results showed that the Generalized Pareto (GPA)
distribution for the first and second regions, the Generalized
Normal (GNO) distribution for the third region and the
Generalized Logistic (GPA) distribution for the fourth and fifth
regions are the most appropriate regional statistical
distributions. Also, maximum daily flows corresponding to 2,
5, 10, 25, 50, 100, 500 and 1000-year return periods were
estimated for all study sub-basins. Regional flood frequency
analysis revealed that for 100-year return period the fifth
region’s sub-basins, with 4060 m3/s discharge on average,
have the highest maximum daily flow. The average 100-year
maximum daily flows in the regions I, II, Il and IV were
estimated around 632, 682, 460 and 429 (m3/s), respectively.
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Fig. 1- Locations of dams and investigated hydrometric stations in the study area.
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Fig. 2- Some of the results for assessment of impacts of droughts and hydraulic structures on the stochastic
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Table 1- Location, applied record periods and some statistical properties for investigated stations

371390 Sl (5] (S S g 5l (S g 03wl )90 (5 )lol 0,95 CupnBign -} Jgi>

Stations  Lon Lat Applied . AR(1) Mann-K_er)daII CPD Mean Maximum
record period Z statistics of whole records

21-109 48.12 34.35 1333-1382° 0.11 -1.23 1382 15.48 62.0
21-113 47.92 34.42 1333-1385° -0.07 -0.94 1385 43.35 153.0
21-115 47.90 34.37 1348-1385° -0.09 -1.89 1385 135.29 405.8
21-127 47.43 34.33 1333-1396 0.12 -1.00 251.16 905.0
21-131 46.73 34.52 1353-1384P 0.07 -1.36 1384 32.03 92.1
21-133 46.78 34.55 1351-1385° 0.00 -1.42 1385 46.64 123.9
21-137 46.93 34.78 1365-1385° 0.24 0.42 1385 4,78 12.8
21-141 47.13 34.32 1334-1385° -0.01 -0.80 1385 168.74 956.0
21-143 47.25 34.23 1332-1389% 0.00 -1.87 162.15 918.0
21-145 47.97 34.08 1348-1396 -0.09 -1.29 35.70 117.0
21-147 47.25 33.73 1340-1396 0.02 -1.88 453.38 2540.0
21-159 46.84 33.55 1360-1396 0.15 -1.05 506.58 1440.0
21-163 47.21 33.39 1353-1396 -0.05 -1.87 27.18 212.0
21-167 48.78 3351 1367-1389H -0.01 -0.68 1389 47.33 104.6
21-169 48.25 33.72 1334-1396 -0.10 -0.35 121.17 391.0
21-171 48.21 33.79 1333-1396 0.16 0.42 35.18 125.4
21-173 47.95 33.48 1346-1396 0.22 -1.20 294.08 962.5
21-175 48.25 33.45 1334-1396 0.13 0.24 100.97 490.7
21-177 47.89 33.33 1334-1396 0.11 0.61 372.32 1341.0
21-179 47.89 33.31 1334-1396 0.24 1.07 87.15 472.3
21-181 47.82 3331 1361-1396 -0.01 -0.91 30.93 142.0
21-183 47.72 33.16 1334-1396 0.20 113 477.68 1546.0
21-185 47.80 32.97 1346-1384° -0.17 -0.50 1384 1172.12 4690.2
21-189 48.08 32.82 1351-1396 0.13 -1.93 207.80 694.0
21-191 48.15 32.42 1333-1377H -0.13 1.55 1377 1189.25 3988.0
21-205 51.52 30.68 1348-13874 -0.07 0.31 272.45 807.0
21-211 51.33 30.85 1348-1396 0.07 -0.03 183.95 534.0
21-215 51.25 30.95 1351-1396 -0.13 -0.36 418.30 863.0
21-225 50.42 31.52 1349-1383° -0.26 1.69 1383 793.90 1621.0
21-227 51.25 31.64 1357-1385° -0.24 -0.22 1385 100.51 260.0
21-229 51.26 31.70 1357-1391H 0.08 -1.33 1391 38.51 181.0
21-231 50.77 31.67 1335-1396 -0.10 -0.77 527.46 2050.0
21-233 50.45 31.66 1348-13874 -0.04 1.16 676.14 1692.6
21-243 48.82 32.25 1333-1389H -0.02 -0.01 1389 1498.95 4772.0
21-257 48.60 33.91 1370-1396 -0.19 -1.41 5.58 18.1
21-259 48.61 33.90 1347-1396 0.09 -1.27 8.90 37.1
21-261 48.80 33.78 1354-1396 0.20 -0.28 38.66 149.0
21-265 48.98 33.71 1359-1386° 0.21 0.38 1386 8.23 53.0
21-267 49.06 33.48 1334-1396 0.06 -1.42 132,51 445.0
21-271 49.40 33.39 1340-13834 0.09 0.38 43.34 213.3
21-273 49.43 33.31 1346-1396 -0.21 0.64 7.31 19.2
21-275 49.38 33.38 1334-1396 -0.04 1.23 5.32 31.0
21-277 49.39 33.38 1337-1383P 0.06 1.72 1383 53.68 311.8
21-279 49.07 33.47 1334-1396 0.16 -0.77 68.91 4275
21-281 48.97 33.39 1334-1396 0.09 0.02 53.33 224.6
21-285 48.89 33.21 1334-1396 0.23 -0.79 314.57 1048.0
21-289 48.63 33.14 1341-13914 0.02 -0.48 103.94 432.0
21-291 48.75 32.93 1356-1396 0.16 -1.87 926.81 2867.0
21-293 48.77 32.93 1347-1396 0.20 0.53 926.55 3191.0
21-295 48.77 32.82 1334-1396 0.21 0.41 1578.33 7268.0
21-303 48.55 31.95 1341-1396 0.20 -1.09 933.51 3425.0
21-377 48.50 34.53 1363-1382° 0.00 -0.63 1382 5.70 11.8
21-389 47.45 34.43 1358-1396 0.14 -0.05 108.84 338.2
21-402 49.80 33.00 1361-1385° -0.14 1.17 1385 126.09 487.0
21-411 47.43 33.17 1361-1390% 0.27 -1.82 528.60 995.0
21-419 50.32 32.25 1363-1396 -0.04 -1.56 133.06 613.0
21-425 50.63 32.03 1362-1396 0.11 -1.30 136.56 567.0
21-429 50.64 32.10 1364-1396 0.20 -1.44 81.64 265.0
21-431 50.95 31.53 1364-1385° -0.17 -1.66 1385 16.01 65.0
21-461 48.75 33.74 1364-1385° -0.21 -0.21 1385 38.83 119.9
21-954 48.28 33.94 1368-1396 0.05 -0.77 13.66 34.6
21-968 49.65 33.07 1361-1396 0.09 -1.28 66.87 236.0

A: Only available records

D: Shrank data records because of droughts effect; H: Shrank data records because of hydraulic structure(s) effect
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Table 2- The results of discordancy, homogeneity and goodness-of-fit tests and the regional growth curves
Slailaio wdy b e 9 (19512 (295 9 (FRed (592U S g0l Y Jog

] 11 At-site L-moments Ratios  critical ) bist

Name Region N (m_3/s) t 3 4 D D(i) Hi H, Hs z Curve Growth
21115 38 1353 0.349 0315 0.160 1.12

21133 35  46.6 0.407 0.278  0.064 1.14

21137 21 48 0.389 0259 0.079 0.64

21145 49 357 0.397 0262 0.157 1.38 .
21159 1 37 5066 0364 0290 0143 0.21 Gon Pareo:
21173 £ 51 2041 0.382 0302 0155 2632 027 07 L7 2 014 oo
21177 g 63 3723 0.337 0280 0.152 1.27 shape: 0.1133
21211 49 1839 0.367 0193 0.108 2.28

21267 63 1325 0.395 0314 0.176 1.21

21285 63 3146 0.416 0322 0.106 1.07

21954 29 137 0.389 0.296  0.097 0.42

21131 32 320 0.407 0171 0.016 1.12

21167 23 473 0.321 0123 0.034 0.50

21183 _ 63 4777 0.313 0155  0.069 1.20 .
21205 T 40 2725 0.372 0.090 0.072 1.20 ﬁﬁf‘ﬁ%ﬁo-
21215 S 46 4183 0.336 0120 0018 2329 054 097 -049 -112 -134 .00
21225 g 3B 7939 0.269 0.044 0.133 1.68 shape: 0.6013
21227 29 1005 0.365 0148  0.091 0.80

21377 20 57 0.343 0116  0.054 0.02

21411 30 5286 0280  -0.005 0.038 1.94

21141 52 1687 0.443 0493 0.337 1.00

21143 58 1622 0.457 0462 0.329 0.40

21163 44 272 0.531 0521  0.393 0.99

21179 63 872 0.472 0356  0.199 1.24

21181 = 36 309 0,527 0398  0.227 0.80 Gen. Normal:
21265 c 28 82 0.620 0564  0.397 2.33 mu: 0.6248

21271 g 44 433 0.567 0426 0164 2707 19 041 L2 o121 050 e 05000
21277 & 47 537 0.496 0456  0.249 0.64 shape: -0.9861
21279 63 689 0.530 0517 0.316 0.83

21402 25 126.1 0.421 0464  0.346 1.01

21419 34 1331 0.467 0433 0272 0.18

21431 22 160 0,527 0393 0.205 0.68

21109 50 155 0.399 0342 0235 052

21113 53 433 0.370 0333 0213 0.29

21127 64 2512 0.370 0263 0.201 0.55

21147 57 4534 0.406 0346  0.243 0.73

21169 63 1212 0.337 0331 0231 0.10

21171 64 352 0.315 0300 0212 0.39

21175 63 1010 0.398 0309 0.193 0.61

21189 46 207.8 0.380 0300 0.216 0.25

21229 35 385 0.377 0305 0.237 0.34

21231 zl 62 5275 0.330 0314 0.188 0.96 Gen. Logistic:
21257 c 27 56 0.263 0333  0.280 1.32 mu: 0.8284

2159 S 49 89 0258 0370 0200 000 ggg 032 193 302044 0702015
21261 & 43 387 0.324 0429 0.323 2.05 shape: -0.3169
21273 51 7.3 0.297 0222 0.178 1.66

21275 63 53 0.306 0390 0.265 1.23

21281 63 533 0.273 0219 0.226 2.23

21289 56 103.9 0.385 0361 0.279 0.93

21389 39 108.8 0.348 0242 0233 1.45

21425 35  136.6 0.401 0357 0.229 0.66

21429 33 8L6 0.369 0313  0.205 0.23

21461 22 388 0.370 0301 0.152 1.79

21968 36 669 0.354 0312  0.296 1.87

21185 39 11721 0318 0463 0.331 154

21191 45 11893  0.201 0269 0.186 0.26

21233 >I 40 676.1 0.241 0.138 0.183 1.55 Gen. Logistic:
21243 < 57 14989  0.282 0289 0.134 1.68 mu: 0.8389

2190 S 41 968 038 0287 o251 M0 g5y 001 036 015003 g0 605
21293 x 50 9265 0.329 0398 0.334 0.71 shape: -0.3275
21295 63 15783  0.378 0451 0.201 1.15

21303 56 9335 0.329 0.284  0.240 0.57
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Fig. 4- The sub-basins location, L-M.R. diagram and regional growth curves for sub-regions I, I, 111, IV and
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Table 3- Corresponding maximum daily discharge for some important return periods at study stations
allao 390 S0l 53 s SBEMS Uy 093 51 32 L Bliko &gy (23 FSTas ¥ Jgao

Maximum Daily Discharge (m®/s)

Sites Region 2-year 5-year 10-year  25-year  50-year  100-year 500-year 1000-year
21115 107.21 204.75 272.10 353.38 409.51 461.40 567.27 607.25
21133 36.96 70.59 93.81 121.84 141.19 159.08 195.58 209.37
21137 3.79 7.23 9.61 12.49 14.47 16.30 20.04 21.46
21145 28.29 54.02 71.79 93.24 108.05 121.74 149.68 160.22
21159 ! 401.44 766.69 1018.87 1323.26 1533.42 1727.72 2124.16 2273.85
21173 2 233.04 445.07 591.47 768.17 890.17 1002.97 1233.10 1320.01
21177 o 295.05 563.49 748.84 972.56 1127.03 1269.83 1561.20 1671.23
21211 145.77 278.39 369.97 480.49 556.81 627.36 771.31 825.67
21267 105.00 200.54 266.50 346.12 401.10 451.92 555.61 594.77
21285 249.28 476.09 632.68 821.70 952.20 1072.85 1319.03 1411.98
21954 10.82 20.67 27.46 35.67 41.33 46.57 57.26 61.29
21131 29.48 50.07 59.62 67.45 71.08 73.47 76.34 76.94
21167 43.55 73.98 88.09 99.65 105.02 108.55 112.79 113.67
21183 _ 439.55 746.67 889.10 1005.78 1059.89 1095.56 1138.33 1147.27
21205 o 250.71 425.87 507.11 573.66 604.53 624.87 649.27 654.36
21215 S 384.91 653.84 778.56 880.74 928.12 959.36 996.81 1004.64
21225 § 730.53 1240.94 1477.65 1671.58 1761.51 1820.79 1891.88 1906.73
21227 92.48 157.10 187.07 211.62 223.00 230.51 239.51 241.39
21377 5.25 8.91 10.61 12.00 12.65 13.08 13.59 13.69
21411 486.40 826.25 983.86 1112.98 1172.86 1212.33 1259.67 1269.55
21141 105.43 236.18 362.11 572.57 770.49 1006.78 1731.69 2133.46
21143 101.32 226.96 347.98 550.22 740.42 967.48 1664.09 2050.19
21163 16.98 38.04 58.32 92.21 124.09 162.14 278.89 343.59
21179 54.46 121.99 187.03 295.73 397.96 520.00 894.41 1101.92
21181 = 19.33 43.30 66.38 104.96 141.24 184.56 317.44 391.09
21265 ! 5.14 11.52 17.67 27.94 37.60 49.12 84.50 104.10
21271 2 27.08 60.66 93.00 147.06 197.89 258.58 444.77 547.96
21277 & 33.54 75.13 115.19 182.14 245.10 320.27 550.87 678.68
21279 43.06 96.45 147.88 233.82 314.65 411.14 707.17 871.24
21402 78.78 176.48 270.58 427.84 575.73 752.29 1293.96 1594.18
21419 83.14 186.24 285.55 45151 607.58 793.91 1365.54 1682.37
21431 10.00 22.40 34.35 54.31 73.09 95.50 164.27 202.38
21109 12.83 20.68 27.16 37.57 47.47 59.68 100.59 125.69
21113 35.91 57.90 76.03 105.19 132.90 167.07 281.61 351.88
21127 208.07 335.51 440.55 609.52 770.07 968.08 1631.74 2038.92
21147 375.59 605.64 795.25 1100.28 1390.09 174752 294553 3680.54
21169 100.38 161.87 212.54 294.07 371.52 467.05 787.24 983.69
21171 29.14 46.99 61.71 85.37 107.86 135.59 228.55 285.58
21175 83.64 134.88 177.10 245.03 309.57 389.18 655.97 819.66
21189 172.14 27758 364.49 504.29 637.12 800.95 1350.03 1686.91
21229 31.90 51.45 67.55 93.46 118.08 148.45 250.21 312.65
21231 > 436.96 704.59 925.18 1280.05 1617.21 2033.04 3426.79 4281.89
21257 ! 4.62 7.45 9.78 13.53 17.09 21.49 36.22 45.26
21259 =4 7.38 11.90 15.62 21.61 27.30 34.32 57.85 72.29
21261 & 32.02 51.64 67.81 93.82 118.53 149.00 251.15 313.82
21273 6.06 9.76 12.82 17.74 22.41 28.17 47.49 59.34
21275 4.41 7.11 9.33 12.91 16.31 20.51 34.57 43.19
21281 44.18 71.24 93.54 129.42 163.51 205.55 346.46 43291
21289 86.10 138.84 182.31 252.24 318.68 400.62 675.26 843.77
21389 90.17 145.39 190.91 264.14 333.72 419.52 707.13 883.58
21425 113.13 182.42 239.53 331.41 418.70 526.36 887.20 1108.59
21429 67.63 109.06 143.20 198.13 250.31 314.68 530.40 662.76
21461 32.17 51.87 68.11 94.23 119.05 149.66 252.27 315.21
21968 55.40 89.33 117.29 162.28 205.02 257.74 434.44 542.85
21185 983.29 1523.24 1973.33 2704.35 3405.06 4275.77 7231.98 9066.91
21191 997.66 1545.50 2002.17 2743.87 3454.82 4338.25 7337.66 9199.40
21233 > 567.21 878.68 1138.31 1560.00 1964.20 2466.46 4171.74 5230.21
21243 = 1257.46 1947.96 252355 3458.41 4354.49 5467.98 9248.46 11595.02
21291 = 777.50 1204.44 1560.34 2138.37 2692.42 3380.91 5718.42 7169.32
21293 I 777.27 1204.10 1559.89 2137.75 2691.65 3379.93 5716.77 7167.25
21295 1324.06 2051.13 2657.20 3641.57 4585.11 5757.57 9738.28 12209.11
21303 783.12 1213.15 1571.61 2153.81 2711.87 3405.33 5759.72 7221.11
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Fig. 5- The boxplots of 2, 5, 10, 25, 50, 100, 500 and 1000-year daily discharges in each homogeneous region
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Fig. 6- The location of 21-139 sub-basin and other sub-basins of homogeneous region_1 (left) and the annual
maximum discharge series in 21-139 station (right)
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Table 4- The average of natural logarithmic values of the climatic and physiographic characteristics for the
homogeneous sub-regions and the ungauged sub-basin 21-139

TIIYA Lol S8 olumy] g o Bblio 25 5132 (Sl S92 528 9 conldl Ologuad (ormb o3, (Ul —F Jgo
The characteristics of the homogeneous sub-regions

Homogeneous sub-regions

A BL FF CC MFL TRL BS MFS BE R

Gl 592 769 462 -155 086 45 734 301 010 756 7.61

G2 588 751 464 -177 090 452 718 301 0.02 7.64 7.67

G3 536 6.67 414 -163 083 400 6.34 278 022 755 7.40

G4 527 656 4.02 -147 077 387 6.18 326 0.77 767 7.62

G5 709 961 590 -2.18 106 583 924 331 -058 755 8.19

Ungauged sub-basin The characteristics of the ungauged sub-basin 21-139

A BL FF CC MFL TRL BS MFS BE R

21 139 555 722 430 -138 073 420 692 299 -118 743 7.40

Table 5- The Euclidean distance between the ungauged sub-basin 21-139 and the homogeneous sub-regions for
the study characteristics

S 3bliays 5 9 Y=Y Lol S8 agn 125 ot (omi2 3390 SS9 ool abold -0 Jgon
Homogeneous sub-regions
sub-region_Il  sub-region_I1l1 sub-region_IV
1.940 1.684 2.290

Ungauged sub-basins -
sub-region_|

1.585

sub-region_V
4.528

21 139
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Fig. 7- The relationship between In(area) and flood index in sub-basins of the homogeneous sub-region_I
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1- Flood mitigation

2- Quantiles

3- Generalized Extreme Value

4- Generalized Logistic

5- 3-Parameter Log-Normal

6- Generalized Pareto

7- Generalized Normal

8- Regional Gorwth Curve

9- Flood Index

10- Stochastic

11- Mann-Kendall Trend Test

12- Pettitte Change Point Detection Test
13- Standardized Precipitation Index
14- Linear Moments

15- Probability Weighted Moments
16- Coefficient of L-Variation

17- Coefficient of L-Skewness

18- Coefficient of L-kurtosis

19- Homogeneity

20- Discordancy

21- Heterogeneous

22- Goodness of Fit Test

23- L-Moments Ratio Diagram

24- Dimensionless

25- Partitional Clustering

26- Total Within Sum of Square

27- Euclidean Distance

28- Special Panel on National Floods Report
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