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Abstract

The reliability and validity of extreme floods, especially the
Probability Maximum Flood (PMF), cannot be ensured
without considering the uncertainties in flood estimation. Input
variables in rainfall-runoff models include precipitation, air
temperature, and initial Snow Water Equivalent (SWE) are
sources of uncertainty in flood forecasting and estimation. In
this paper, the fuzzy set theory method is used to propagate
uncertainty of PMP, air temperature and initial SWE for
estimating PMF in Bakhtiari Dam Basin in southwestern Iran.
The results show that the uncertainty of PMF hydrograph peak
discharge due to uncertainty of PMP is more than the
uncertainty of PMF hydrograph volume. The uncertainty of the
PMF hydrograph volume due to the uncertainty of air
temperature and initial SWE is more than the uncertainty of the
PMF hydrograph peak discharge. So that the uncertainty of
PMF hydrograph peak discharge due to uncertainty in PMP,
air temperature and initial SWE equal to 10% were £10.2%,
+7.6% and +0.18% respectively. Also the uncertainty of PMF
hydrograph volume due to uncertainty in PMP, air temperature
and initial SWE equal to 10% were £8.0%, +9.8% and +0.35%
respectively. Therefore, in order to reduce the uncertainty in
estimating PMF, it is necessary to be more careful in
estimating PMP, air temperature and initial SWE values
respectively.
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Fig. 1- Boundary of Bakhtiari and Dez sub-basins, streams network and location of synoptic and
hydrometric stations
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Table 1- Summary of physiographic and altitude characteristics of Bakhtiari Dam sub-basins
S50 gdad g 5 (LU g (1591 58 Slasude aoMs Y Jga

. Minimum Maximum  Average Mean . Net slope of
Sub- Area  Perimeter levati levati | - | f Main stream -
basin (km?) (Km) elevation  elevation  elevation  slope of (Km) length main
(m) (m) (m) (%0) basin stream (%)
1 2490.1 3934 1514 4020 2552 26.6 1126 0.98
2 671.1 191.8 1513 3900 2672 35.2 63.3 1.9
3 866.1 2404 1124 3710 2234 43.8 55.7 2.33
4 215.2 284.8 689 3715 1857 42.7 93.7 1
5 819.1 208.2 694 3134 1679 371 55.9 1.93
6 326.8 1322 539 2499 1279 45.3 50.3 1.01
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Table 2- PMP values at the Bakhtiari Dam sub-basins
Syl dw (BASe 1§ b j3 PMP y3lie Y Joua

Sub-basin 1 2 3 4 5 6 Total basin
Area (km?) 2490.5 671.1 866.2 1215.2 819.1 326.8 6388.8
PMP (mm) 208.5 211.0 258.7 303.1 381.0 512.6 273
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Fig. 2- Changes in air temperature at the time of PMP occurrence in different sub-basins of Bakhtiari Dam
Basin
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Table 3- Initial snow water equivalent in millimeters in sub-basins elevation bands
Badgs 5 (S5l gLl ;5 yoase sy ddgl B Jaleo O palio Y Jga

Elg\gt(ljon Sub-basin 1 Sub-basin 2 Sub-basin 3 Sub-basin 4 Sub-basin 5 Sub-basin 6
1 0.0 0.0 0.0 0.0 0.0 0.0
2 52.2 29.8 0.0 0.0 0.0 0.0
3 178.6 156.2 6.4 0.0 0.0 0.0
4 316.7 292.2 110.3 2.3 0.0 0.0
5 451.0 433.4 252.0 116.7 6.3 0.0
6 585.6 551.3 398.9 287.8 109.8 0.0
7 730.3 684.0 543.6 460.0 249.3 8.8
8 872.5 823.4 675.8 640.9 384.2 96.9
9 1011.1 946.1 8155 788.6 512.6 192.3
10 11324 1032.2 954.9 959.7 633.8 297.7
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Fig. 3- Final PMF hydrograph at Bakhtiari Dam site
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Table 4- Uncertainty in peak discharge and volume of PMF due to uncertainty in PMP for different
membership degree

Sl Cyguas a3 151 4 PMP jlade 45 Cuxbdous Cde 4 PMF poxs g gl (o0 50 Cuxbdone -F Jous

Lower Peak Ur}certainty Mez_m _ Unce_rtainty Mean uncertainty
" or discharge Volume in peak uncertainty in in in hydrograph
Upper (cms) (MCM) discharge peak discharge hydrograph volume (7)
Band () () volume () !
LB 111233 25758 103 -8.01
+ +
0 UB 13663.9 3026.6 10.2 +102 8.08 *8.0
LB 112505 2598.3 9.2 721
01 UB 135365 3003.9 9.2 192 7.27 £7.2
LB 113776 2620.6 8.2 6.42
0.2 UB 13409.7 2981.2 8.2 8.2 6.46 6.4
LB 11504.7 2643.0 72 561
03 +7. 45,
uB 13282.7 2958.5 7.2 72 5.65 56
(B 116317 2665.4 6.2 482
0.4 UB 131558 29358 6.1 *6.1 484 4.8
LB 117588 2687.8 5.1 -4.02
0.5 UB 13028.8 2913.2 51 1 4.03 4.0
LB 118858 2710.2 a1 322
0.6 UB 12902 2890.5 41 41 3.22 32
LB 12012.9 2732.7 31 241
0.7 UB 12774.9 2867.9 31 3.1 2.42 24
LB 121398 2755.1 21 161
0.8 UB 12648 28453 2.0 2.1 161 *16
LB 12267 27771 1.0 -081
0.9 UB 125211 2822.8 1.0 *1.0 0.80 08
1 LB=UB 123946 2800.3 0.0 0.0 0.00 0.0

Table 5- Uncertainty in peak discharge and volume of PMF due to uncertainty in air temperature for
different membership degree
Bliseo Cyguas a4 g5l ar lgd slod jlade 4> Comladons Cds 4 PMF poxs g gl (23 43 Comladone -0 Jouo

Lower . Mean Uncertainty Mean
or di Peak Volume Ur_lcertalnty uncertainty in in uncertainty in
o ischarge in peak K hvd h hvd h
Upper oms) MCM) i o pea ydrograp ydrograp
Band gels discharge (%) volume (%) volume (%)
. LB 113233 24787 856 76 11.49 108
UB 132052 30273 65 8.11
LB 114491 2509.9 76 1037
0.1 UB 130856  2986.6 56 6.6 6.66 8.5
LB 117002 2566.4 56 -8.35
0.2 UB 130508 29739 53 54 6.20 1.3
LB 119434 26175 36 -6.53
0.3 UB 13017.6 29605 5.0 4.3 5.72 6.1
LB 11972 26326 34 -5.99
04 UB 129825 29469 47 41 5.24 56
LB 120017 26475 32 -5.46
0.5 UB 128675  2918.0 38 3.5 4.20 4.8
LB 122661 27421 1.0 2.08
06 UB 127141 28845 26 1.8 3.01 2.5
LB 122977 27564 038 157
0.7 UB 126819 28704 23 15 250 2.0
LB 123308 27714 05 1.03
08 UB 126326 28537 19 12 191 15
LB 123642 27859 202 -051
0.9 UB 125988  2838.9 16 0.9 138 *0.9
1 LB=UB 123946 28003 0.0 0.0 0.00 0.0
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Table 6- Uncertainty in peak discharge and volume of PMF due to uncertainty in initial SWE for different
membership degree

Cugas d d lil a4 adgl By Jolre O j3 Curhdsus Cls 4 PMF B1,8 5,08 o 9 9l (95 43 Carhdons -5 Joua

s
Peak Uncertainty Mean Uncertainty Mean
Loweror Volume in peak uncertainty in uncertainty in
o Upper  discharge discharge in peak hydrograph  hydrograph
(ems) (MCM) g _inp ydrograp ydrograp
Band ) discharge ()  volume (7)  volume (%)
(B 124166 2787.0 0.18 047
0 UB 123731 2806.8 017 *0.18 0.23 *035
LB 124143 27886 0.16 2042
0.1 UB 123751 2806.2 -0.16 +0.16 0.21 *0.31
LB 12412 2790.2 0.14 2036
0.2 UB 123777 28056 20.14 *0.14 0.19 *0.27
) 124007 27918 012 2030
0.3 UB 123796 28053 2012 *0.12 0.18 *0.24
LB 124077 27932 011 2025
0.4 UB 123818 28047 20.10 *0.10 0.16 *0.21
LB 124054 27947 0.09 20.20
0.5 UB 12384 2804.2 20.09 *0.09 0.14 *0.17
B 124032 2796.0 0.07 -0.15
06 UB 123862 28035 2007 *0.07 0.11 *0.13
LB 12401 2797.2 0.05 011
0.7 UB 123883 28028 -0.05 *0.05 0.09 *0.10
LB 123988 27982 0.03 2007
0.8 UB 123903 28020 20,03 +0.03 0.06 *0.07
LB 123969 27994 0.02 20,03
0.9 UB 123925 28012 20.02 +0.02 0.03 *0.03
1 [B=UB 123946 28003 0.00 0.00 0.00 0.00
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