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Abstract

During last century, anthropogenic forcing and climate change
have influenced the stationarity of the many extremes.
Therefore, wusing of stationary pre-assumption-based
Frequency Analysis (FA) techniques for estimating the risk of
extremes may not be reliable anymore. In present study we
introduced a nonstationary FA method to estimate risk of 24-
hour maximum precipitation variable, as one of the major
factors for generating floods in West of Iran. Nonstationarity
assessments showed that among 53 investigated stations, only
4 stations (i.e., Khorramabad and Poldokhtar stations with
increasing linear trends and lzeh and Ramhormuz stations with
decreasing linear trends) have significant nonstationarity.
Three hydrological homogeneous regions were characterized
based on statistical properties of 24-hour maximum
precipitation variable at study stations. Results revealed that
stations in the Region_Il, mostly including the stations in Fars,
Chaharmahal and Bakhtiari, Bushehr and Kohgiluyeh and
Boyerahmad Provinces, have higher risks for more severe 24-
hour maximum precipitation compared to stations in other
regions. Also, results showed that if nonstationarity in
Khorramabad and Poldokhtar stations is ignored, 100-year
quantiles of 24-hour ~maximum precipitation  will
underestimate around 10.1% and 13.8% in those stations.
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Table 1- Some statistical and physical properties for investigated stations
o ox 3590 SOl (o8 9 bl sla Sy 5l (B o) Jge

Station Lon Lat Ele(\/ne;;lon Records Flooc(lllll)ndex SE t t3 t ts

Abadan 48.21 30.38 6.6 68 30.74 156 022 021 021 0.09
Abade Tashk 53.72 29.80  1601.0 22 37.80 405 026 033 029 0.13
Adl Dezak 50.95 32.08 2054.0 46 52.28 350 025 0.16 0.7 0.11
Ahvaz 48.74 31.34 225 62 37.98 216 024 019 0.17 0.09
Alashtar 48.25 33.82 1567.1 22 45.48 286 0.17 0.08 0.08 0.07
Aliabade Kamin 53.15 30.02 1892.0 44 48.41 3.07 023 0.24 020 0.05
Aligudarz 49.70 3341 20221 33 40.73 194 015 -005 0.18 0.00
Baharestan 47.10 35.63 2070.0 23 30.98 190 0.17 011 0.14 0.06
Bajgah 52.59 29.73 1791.0 20 49.70 352 017 015 0.27 0.18
Bandar Mahshahr ~ 49.16 30.55 6.2 32 39.02 351 0.28 0.17 0.16 0.07
Behbahan 50.22 30.61 313.0 26 55.46 464 024 020 0.1 -0.03
Borazjan 51.17 29.25 89.9 36 53.76 535 030 033 027 0.14
Borujen 51.30 31.98 2260.0 31 37.66 259 021 030 0.16 0.04
Borujerd 48.76 33.92 1629.0 30 48.43 264 017 0.05 0.05 -0.05
Bostan 48.01 31.71 7.8 33 41.24 395 029 016 019 0.17
Bushehr Airport 50.82 28.96 6.0 68 56.38 379 029 025 0.22 0.08
Bushehr Coastal 50.82 28.90 5.0 33 58.79 544 028 021 017 0.04
Chahkootah 51.09 29.03 30.0 33 47.35 405 025 0.12 0417 0.15
Dehloran 4728 32.68 232.0 29 44.58 376 024 025 0.22 005
Dezful Airport 48.38 32.40 143.0 51 59.52 3.00 020 0.0 0.09 0.06
Dogonbadan 50.82 30.35 726.0 34 61.99 514 026 0.24 0.19 0.00
Dorudzan 52.42 3021 1642.0 31 56.25 329 019 010 0.01 -0.01
Emam Ghaes 51.30 31.73  2285.0 60 51.38 263 021 017 0.17 0.06
Fasa 53.72 2890  1268.0 53 49.83 358 0.27 025 0.21 0.07
Hamzavi Hana 51.70 3115  2274.0 21 40.57 430 026 024 026 0.04
llam 46.40 33.59 1337.0 33 65.98 799 027 053 045 034
Izeh 49.85 31.85 767.0 26 -0.83"(year®-1993) + 78.044™ - 0.15 0.28 0.09 0.00
Jam 52.36 27.82 659.0 27 75.43 734 028 025 0.18 0.05
Kangavar 47.98 34.50 1468.0 32 37.96 214 018 013 0.11 0.02
Karoon 48.72 32.08 59.0 33 48.88 371 023 0.23 0.26 0.08
Kermanshah 47.15 34.35 1318.5 68 39.91 169 0.17 021 024 017
Khorramabad 48.28 33.44 1147.8 68 0.18™(year-1951) + 39.624™" - 0.16 0.17 0.11 0.01
Kuhdasht 47.65 33.52 1197.8 22 45.36 287 0.17 016 0.17 -0.02
Lordegan 50.83 31.50 1611.0 24 58.83 334 016 014 0.05 0.04
Malayer 48.86 34.25 1776.5 27 38.22 257 019 0.20 0.16 0.08
Marivan 46.15 35.50 1287.0 27 74.05 447 017 023 0.5 0.05
Masjedsoleyman 49.24 31.98 3205 34 62.33 432 020 024 036 018
Nahavand 48.41 3414  1677.8 26 43.68 377 021 036 029 0.9
Neyriz 5435 29.19 1632.0 53 37.35 3.01 028 024 023 0.19
Omidiyeh Aghajari  49.69 30.74 27.0 35 46.58 371 025 0.28 0.6 0.09
Omidiyeh Air-base  49.55 30.83 34.9 31 45.36 360 024 023 0.10 -0.05
Piranshahr 45.15 36.70 1443.5 33 53.25 280 0.17 017 018 -0.01
Poldokhtar 47.72 33.15 7135 21 2.46""(year-1998) + 28.5™" - 020 0.11 011 -0.03
Ramhormoz 49.60 31.27 150.5 32 -0.92"(year-1987) + 65.26™" - 025 026 0.18 0.03
Ravansar 46.65 34.72 1380.0 31 51.28 310 0.19 0.17 0.03 0.01
Safiabad Dezful 48.43 32.25 82.9 32 50.39 328 021 004 0.05 -0.01
Sanandaj 47.01 35.25 13734 60 38.27 150 0.17 0212 0.17 0.03
Sardasht 4549 36.15 1556.8 33 71.52 515 021 0.26 024 0.15
Sarpole Zahab 45.87 34.45 545.0 33 50.65 395 022 034 027 0.17
Shahrekord 50.84 3229  2050.0 64 38.47 185 021 014 0.12 0.05
Shiraz 52.60 29.56 1488.0 68 47.70 261 024 027 019 012
Yasuj 51.56 30.70 1816.3 32 82.41 371 014 0.13 0.13 0.04
Zargan 52.70 29.78 1596.0 30 42.65 279 021 001 005 0.01

@ year from first year to the last year of records at each station, e.g., 1951, 1952, etc.
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Fig. 2- The locations of investigated stations and the L-MR. diagram for each homogeneous sub-region
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Table 2- The results of discordancy, homogeneity and goodness-of-fit tests and the regional growth curves
slaslaio ddy gL e 9 (151 (2959 9 (SRR (592U S gesl gl Y Jgs

Regional Distributions

H H i Dist
Regions Stations D Critical D H1 H2 Hs (Growth Curves) [Z""Y
Abadan 1.89
Ahvaz 0.33
Bandare Mahshahr 0.76
Behbahan 0.75
. Bostan 1.28 GNO
Region_I ~pahkootah 0.59 2.491 043 047 08 (.0932,6:0400,«:-0.330) 08
Dezful Airport 0.63
Omidiyeh Air-base 1.66
Poldokhtar 0.57
Safiabad Dezful 1.55
Abade Tashk 1.21
Adl Dezak 1.17
Aliabade Kamin 0.21
Bajgah 2.68
Borazjan 1.83
Borujen 221
Bushehr Airport 0.73
Bushehr Coastal 0.91
Dehloran 0.01
Dogonbadan 0.28
Emam Ghaes 1.21
. Fasa 0.28 GLO
Region Il mzavi Hana 0.61 3 005 -282  -348  (.0905,6:0217,«:-0.248) 07t
Jam 0.51
Karoon 0.28
Kermanshah 1.26
Masjedsoleyman 2.63
Nahavand 2.08
Neyriz 0.87
Omidiyeh Aghajari  0.83
Ramhormoz 0.37
Sardasht 0.28
Sarpole Zahab 1.12
Shiraz 0.45
Alashtar 0.43
Baharestan 0.50
Borujerd 0.95
Dorudzan 1.07
Izeh 2.59
Kangavar 0.08
Khorramabad 0.17
Region_II Kuhdasht 0.52 WEI3
| kﬂo(:&‘;%?” 2;22 3 023 121 -136 (0447, 6:0622, «: 1.800) 092
Marivan 0.80
Piranshahr 0.63
Ravansar 1.51
Sanandaj 0.79
Shahrekord 1.62
Yasuj 1.24
Zargan 1.85
L Aligudarz - - - - GLO
Individual (n: 1.012, 6: 0.154, x: 0.049)
Stations llam i i i i GLO

(n:0.793, 6: 0.161, k: -0.533)

u: Location parameter, o: Scale parameter and «: Shape parameter
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Regional growth curves

Region_I Region_IT Region_ITI
w 7
= L
E 64 — Region_I
g N — Region Il
o — Region_III
=
= 41
S
1]
@ 3
E
i S e [ A i ———
N : |
& | :
0 T T T T Y T T T T T T T 'I, T T T T T T T L T T
1 2 51020 50100 1000 1 2 5 1020 50100 1000 1 2 5 1020 50100 1000
Return Period (year)
b) RFA performance
Return period:
o~ 2 _vear 5_year 10_vear 20_year 50_year 100_year
| ]
B
g 301 | 1
£ 20 w e ||
so et T T -
% 0 — i | [T || 8 || o ==
S I3 I3 039 285 S
S My HFFHMey FH My F ey o &
FTHFPP FFIF F I FLIF FPF &8
Q'Q-Q_M Q'q-Qgﬂ Q'q-Q;e Q'Q-Qg Q'q-an T &

Fig. 3- Regional growth curves (a) and the box-plots of RMSE for site-quantiles corresponding some
important return periods (b)
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Fig. 4- Site quantile-return period curves considering (solid colorful lines) and ignoring (black dot-dashed
lines) nonstationarity through time series and trend models for each station
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Tabel 3- Site quantiles for some important return periods based on stationary (STFA) and nonstationary
(NSFA) frequency analysis

(NSFA) buan Il g (STFA) L] Slg13 Judodi (ool 2 e SCtS 3 093 j1 (S 32 10t (2] oS i ¥ Jgoa

Return Khorramabad Poldokhtar Ramhormoz Izeh
?fg;c;? STFA NSFA RD" STFA NSFA  RD STFA NSFA RD STFA NSFA RD
2 42.8 49.3 15.2 455 72.4 59.1 44.5 33.2 -25.4 63.8 54.7 -14.3
5 56.3 65.0 155 68.6 102.6 49.6 65.0 46.4 -28.6 82.6 72.1 -12.7
10 64.9 74.2 14.3 86.9 122.0 40.4 81.5 56.5 -30.7 94.4 82.3 -12.8
20 72.8 82.2 12.9 106.7 140.4 31.6 100.7 67.8 -32.7 105.1 91.2 -13.2
50 82.4 91.7 113 1354 163.8 21.0 132.1 85.5 -35.3 118.1 101.7 -13.9
100 89.2 98.2 10.1 159.3 181.3 13.8 161.8 1016  -37.2 127.2 1089  -144

NSFA - STFA
STFA

RD: Relative difference = %100 , units: mm.day™
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1- Special Panel on National Floods Report
2- Moments

3- Linear Moments

4- Weighted Moments

5- Coefficient of L-Variation

6- Coefficient of L-Skewness

7- Coefficient of L-Kurtosis

8- Quantiles

9- Auto Correlation

10- Discordancy

11- Homogeneity

12- Critical

13- Heterogeneous

14- L-moments Ratio Diagram

15- Flood Index

16- Dimensionless

17- Growth Curve

18- Pre-whitening

19- Hierarchical Clustering

20- Complete-Linkage

21- Nam Algorithm

22- Generalized Normal

23- Generalized Logistic

24- 3-parameters Weibull

25- Stationary Regional Frequency Analysis
26- Nonstationary Regional Frequency Analysis
27- Relative Difference

cde Jlgio g 2 ailjy; o)l aSil 4 @ gl K3 o
2555 58 T Jlo oM o5 4 9 oD £589 ol
Jsbs el (SPNFR, 2020; Mehdi Nasab, 2020) ol 035
2 ol liall 5 (b (ol 5 site ul oo g2
Ll Dgdie Lavde Shm jl oiw adlas 3se ddkats
V¥ iyl Sl s 55 Allahbakhshian et al. (2020)
ladate Jlgld Jelos )3 oo sl ol S (S plgis 4 |y asels
S5 9 Sik ol @ slade o gledis

W3S (B
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