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1- Equifinality

2- Markov Chain Monte Carlo
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1- Latin Hypercube Sampling

2- Standard Least Squares

3- Single Event-Based Model
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Figure 1. (a) Study area and the sub-basins. (b) Schematic representation of Tamar basin model in HEC-HMS
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Table 1. General information of meteorological and hydrometric stations.
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Table 2. Characteristics of selected flood events in Tamar basin

(cels) e Jobo (46 2 xS yio) gl (22 09 Sy &) )
Y- WA s VIV Js
¥ ¥aa iy NSNS g
" YAY iy AEIDIA po
W - k! AENVIS o los

CN (i loo & 03> 055 iy jSlas S 3gb Ly >
A g yio o 4 adsl Al g g 0je> lawgio o ojledds
0l o) b ol i g yieS polis caliee lddss
i 0)lads (3 glcanday jolatods (F) Cowl Cglite Calisee
soboyose 00 g Jhdyy £95 45 Canl p3Y agl U
Spdpdei Jl I adate SB paw Cunsg g (2l

he) 9 Gl 35 sl SCS adieoled by,

K45 osliil CUlgy 4 (B3k Jods glp S SlSg 0
Lo jos 53 by (2b¥ig) sl pESle (g 5l (piren
(sloanlio o 3l b Ol (gilolis 1w 200,5 solatl
Gigy b Il al O ogn boje g plas o Jae
adg) s  (CN) ivxio ojless el 9> Jols SCS-CN

A3l oo (la)
I,=aS )
S = 25400—-254CN (V)

CN



yya

Cr=DV (W)

Km = —= 35
3600.Cr

xm=2(1--1) 0%
2 B.S.Cr.L

@ ol gaie gaw A @l oS o 4 (2 Q S
& ol (o0y2 D sl yio 4 zge Gy CF iy io
PO ply i cpl )3 g 0dd dladidg VEY BT
Yl 2ye B i 4 (2libg) ojl Job L osd 485 jlas
Bl g & g s g g b cd Sy i
coyd CN) o ojlod slayially cplpls (VAKA)
XM sbisey sielyly o (C8) (gladlais Hlade (@) adgl lals
sglatod WAd a5 e > (pxiwly el lyea
pie wipsdl & el cpl adsl slaosl 5 290> (Byne
9 2l )l A al p (privly byl ates oyl
SCS oad gty yolie 5 0jg> SB- (SKjglgyien 09,5
2 adgl aoie ojled palie Mo yd TVD g Wb 03] (eSS
Gyl aws pesd loim A polie b a8 )S
Jgiz) dol yess +/¥0 g +/oV0 (o & A3 (55 (oxily
Cawl (oriwly yol)b pegw leicds CS (gldilais jlads (0
WS s +IEO G I 1 a8 1 o e des 2 el g
Olyedr o (XM) obasgy o> yuell jlade (VYY)
SO IV G M sl (peiwly > el
ey iahl aw ojes g e sl nlply 8l e
Sl 5 (ON) icion ot ol 48 15 43,8 a3 5
55,5 i by 48 18l _o (CS) (ghadlato Ik 4 (a) 4]
Fel)ly V¥ 3hass (obisig) 03l ¥ sl (XM) (b, el b
Omb g Vb 2gie ad 43S )Ly 050> S (slp (ol
ord &L 0 Jodo 53 0jppj > (Friwly slajyiel)l

rom|

370000 380000 390000

400000

WA Ll 5 )le 110 o)lod [piin Jlo el s> upite dsliagsy

SBepdded e opp by ard adble S8l
1025 GIS Lama 15 jg> S o3l et sliogS i
e 0)losd g (VF) (Y JSK3) 5 (F 5 ¥ ghi) 43
Geili b gl (i 0)led lpisay ojor ) (59 Lawgie
Jodlial b g ST (Sjslg)hun 09,5 5 (Sl aiis
(3255 Cpl 50 (VA) dol Canddy oo ojladd Cpund Jgdo
OB Sk b ol plad gl Jde & 0l ()20 CN
S Lulyd bl Jow gloslug) 51 S 55y 0 55k ol
P93 S3bis (AMCIH) Lo ey Caoghy Cundy 53
5 (T0) 3y gloj yelil 95 Jols SN 1)Sg 0
loj dmolbxs sly 5 Woles aBle (R) 0ysd
o3litl SCS (2 giae doly Bl)Sgyun (09 b Bl 35 505

W
0.7
Te = 1.67 x (Lx3.28)°8x(*5x2-9) )
) 1900 05

o Y e 4 ol ] b Ly ol 5 oS
TCy o lawgio oo o)lad CN coyd 4 0j> 10
dayly 5l oyB3d Copd il el 4 05> S50 o)

o P ol oy SIS 55

R=3 ")

cwd S bl 4 ol anlyl Job L oakaly opl j> o
Slibio oys C g bl p ©gd 4 ol anlyl bugie
4\19.:‘) Mb@ g.,&l.w LY o).o.) wro R 9 Y/Y L:’/A L)’“’
Cusl i Syg0s (TC) 38505 loj g (R) 035 oy oy
(¥0)

R
Cs = )

T R+T.

Km g Xm el obvy, (bg) bl 9
oy aoio slrodly 1 oslatwl b oyl polie a8 bl 0

-9
V—A (\Y)
410000 420000

4153000 4162000 4171000 4180000

4

Lais|

B
C
N
e — e i [0 TI 2T ETS
ms 6 9 12

4144000 4153000 4162000 4171000 4180000

370000 380000 390000

400000

410000 420000

SB Sjglssin (slaog S ads (all) Y s
Figure 2. (a) Hydrologic soil groups map
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Figure 2. (b) Land use map (c) Curve number map in Tamar basin
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Table 3. Hydrologic soil groups of Tamar basin
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Table4. Land use of study area
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Table5. The lower and upper bounds for calibration parameters
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Figure 3. Evolution of the Gelman and Rubin (R) convergence statistic each of the model parametersfor flood eventsin

calibration phase (Table 2)
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Figure 4. Total prediction uncertainty bounds (lighter shaded region), the uncertainty bounds of parameter (darker
shaded region), observed stream flows (dots), best simulation (solid line)
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Table 6. Statistical properties of the parameters (Mean Coefficient of variation (%) and the optimal values)
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Figure 5. Posterior histograms of model parameters for thefirst flood event (Table 2) in the calibration period
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Table 7. R-factor and R-factor values (indicators of uncertainty assessment) for flood eventsin calibration and validation phases
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Table 8. Comparison of Nelder and M ead automatic calibration and the best simulation derived by DREAM-ZS method
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Abstract

There are some parameters in hydrologic models that cannot be measured directly.
Estimation of hydrolog?lc model parameters by various approaches and different optimization
algorithms are generally error-prone, and therefore, uncertainty anaysis is necessary. In this
study we u DREAM-ZS, Differential Evolution Adaptive Metropolis, to investigate
uncertainties of hydrologic model (HEC-HMS) parameters in Tamar watershed (1530 km2) in
Golestan province. In order to assess the uncertainty of 24 parameters used in HMS, three flood
events were used to calibrate and one flood event was used to validate the model. The results
showed that the 95% total prediction uncertainty bounds bracketed most of the observed data
especially peak discharge values but the uncertainty due to other sources than ePz;\r{:meter
uncertainty (e.g. forcing data (rainfall) and model structure error) are significant. Coetficient of
variation for curve number (CN) was small for al flood events, therefore this parameters is
more sensitive than the others. Histograms of the posterior probability density functions (pdfs)
show that most of the individual parameters are well-defined and occupy only arelatively small
region of the uniform prior distributions. Best simulation under DREAM-ZS was obviously
better than simulation results of Nelder and Mead search algorithm.

Keywords. DREAM-ZS Algorithm, HEC-HMS, Nelder and Mead Algorithm, Tamar
watershed, Uncertainty



