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Table 1- limitation of Up and down calibration parameters

#olb WSg> 5 ol YU
Parameter Sub Basin down limit up limit
1 70 90
. 2 58 82
95‘9) (s a)w
Curve Number 3 62 84
4 71 93
5 60 85
et 5 0/15'S 01258
Initial Abstraction Coefficient
20 ey 5 02 0/6
Storage Coefficient
pile X 5 02 0/5
Muskingum X

bls ;Wi)_mugl_i})l P& pla g bl awiq.l:m
S bl gl oy o) e w5yl (g cuenl 5l S

(F) ol oads 4 3 \ay 5 555

3)9 4Bl jo b ay Jlaisj00 Ban @b a2 Lol o
S omily Sl Jols o GBS g50m .85 )15 il
ol 04 00l L (V) UK > aolas
HMS-PSO Jao 355 o0 snlin (V) IS5 43 a5 job lor
aily Jod JB s G 1y 513y Jln yo sladgen owwly cubls
ol dgeil D95 e oanlie pgd dlad y3 MBS 1y ity ol
a g oy (o Glilommy 5 039 Jlste S 9 b 2l
s ) 36 Wy e als ) ol 03905 Jg5 Bylaiel & 900
8l ol (sl £989 L g (S0l
4\_,,19\ ):».)Lb'.,o 9 );\/1_’ d[m)l)gi slass b JJ.A ‘@L; dgabes d‘)’.
S 03,5 Jols o 3 oSt s o 1 ] glite
T ala s ol olis ) ool i ilo e lp 303 Jool,
o3a) S5 Jae &5 (ol 4 dagi b adl &5 Bl o b & il
—alizre (gl ol )l degoe alisre (slaslad, oxiwlg 5l g 00y
M) S el (8 (rwly sl slp 0 1 098 00 Jol>
S 50 iy dalgss viwcous 1) (g Fellhe 3 Slas gy
2L 9 bug 5 Slaalie 5 Slulre sl oo (ST Hlgei ¥
IS0 ol ¥ USS 0 e ped Gl odds &3] j5S'he Cun
5 5 San s bolas eyl sdel cows 4 ol el )b
S8y 255 o 0dnlie 45 j5b lon Dgd o sdalie S
slagSl 5l g 0350 ang OB alisee (sladlis (gljl 4 b eyl

U Ly Sl S8 4 byl cnl lie o ol
oot 50 ol dga s 4 JISS sl 0 095 (YL dgus I s
3105 el Gy oyt ,Sblos PESEj tyloi so ysis )55
tHhSS U e 0y JS Gl 53 0)0 (i ,SSLles Ghest;
W o i 1y Hlainyee 40 de ] ol Ll

2 L iy ol 3 silodine o5 aed e LS5 358 Ll
oy Aol (b ey gl ) 55 b sbpn 1 58,5
5 (0 ataly ped oylue) ol )] (Soluen p3 a5 (glalais oy yig
ool Cowd 4 &S ples bawgs 48 conl (lalais 0 5 6> alold
aJol lyd dliws 0,5 o Cygo (0 adayly pow oylis) ol
S Ve il oo S I,SS Blas S s g sue Ve o ,oSl
o335 ot om oS ) slacinss I Sy ol o 45,5
3y Shos 35 s9ite d sl (adge it slacle 4 ()
vl 9 (M) PSO (Sl iS5 g3 51 Se oyl ) 9 o5
Td 9y 90 oyl 5l ool da (31 el oah 48 )3 0500 (V) A
Lo Ty s (gl it Slsn 5] G 4y (&l e
s gl (gludd el glaicy 4 OIS colie 4 g
3 ool 355 By 5o e i 31y 5 Mg L
G20l 00 &S Gl CBua 1l S 820 p il PSO (135,65]
iyl e ylaie 4 4Bl o b 4 NASH § RMSE &b
g oo duwloee ¥ g & dlayly &jau & g Wilodds ]

RMSE = ?_1 Wel-2 Z (Qobsz_ Qsim)? (;,)
i-1 We;
2
n =0
NASH = 1 — CNs — Zl—l(QObS,l Qstm,x) (V)

— 2
Z?_1(Qobs,i - thc)

—de s )yl de Qi o Slaalie o5 jlde Qops (398 Laslg) 4o

LLE (S5 capmo We 50l 0 )3 Sloj pl sl m el



#14

et )38 b HEC-HMS Juw (sl ol (ol bl 5 (szxinsly

Ny mes Loy dilio b a8 dme oy oS o0 (Sopm (stolie

30 60
=== Q-T observed Event2 — Qobserved
—*—Q-TRMSE Y 2 —%— Q-TRMSE
1 —6—Q-TNASH —©— Q-TNASH
:_5\ 20 :B 40
) 3
&é, £J
o % < 1
210 .20
¢ i
0 0
2 24 30
Time (hr) 0 6 12 Time (hr) 18 24 30
(2els) ) (cel) gl
160 100
Event 3 —— Q-TObserved Event 4 — Q-Tobserved
Yool —%— Q-TRMSE . <y —6-Q-TNasH
4 %0 —©— Q-TNASH —%— Q-TRMSE
35 %
23 ,‘«’1:
£9 80 | EJ,]
5! st
40
0 s
0 2 ey 18 24 30 e () 30
(e le)okes (cels) Oy
Lalas , 51 S5 2 43 Flaalin g (Fluolow sdgon] dwslio -Y JSW
Figure 2- Comparison of simulated and observed hydrograph on each event
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Introduction: Planning and management of water resource and river basins needs use of conceptual
hydrologic models which play a significant role in predicting basins response to different climatic and
meteorological processes. Evaluating watershed response through mathematical hydrologic models requires
finding a set of parameter values of the model which provides thebest fit between observed and estimated
hydrographs in a procedure called calibration. Asmanual calibration is tedious, time consuming and requires
personal experience, automaticcalibration methods make application of more significant CRR models which are
based onusing a systematic search procedure to find good parameter sets in terms of at least oneobjective
function.

Materials and Methods: Conceptual hydrologic models play a significant role inpredicting a basin’s
response to different climatic and meteorological processes within natural systems. However, these models
require a number of estimated parameters. Model calibration is the procedure of adjusting the parametervalues
until the model predictions match the observed data. Manual calibration of high-fidelity hydrologic (simulation)
models is tedious, time consuming and sometimesimpractical, especially when the number of parameters islarge.
Moreover, the high degrees of nonlinearity involved in different hydrologic processes and non-uniqueness
ofinverse-type calibration problems make it difficult to find asingle set of parameter values. In this research, the
conceptual HEC-HMS model is integrated with the Particle Swarm Optimization (PSO) algorithm.The HEC-
HMS model was developed as areplacement for HEC-1, which has long been considered as astandard model for
hydrologic simulation. Most of thehydrologic models employed in HEC-HMS are event-basedmodels simulating
a single storm requiring the specificationof all conditions at the beginning of the simulation. The soil
moistureaccounting model in the HEC-HMS is the onlycontinuous model that simulates both wet and dry
weatherbehavior.Programming of HEC —HMS has been done by MATLAB and techniques such as elite mutation
and creating confusion have been used in order to strengthen the algorithm and improve the results. The event-
based HEC-HMS model simulatesthe precipitation-runoff process for each set of parameter values generated by
PSO. Turbulentand elitism with mutation are also employed to deal with PSO premature convergence. The
integrated PSO-HMS model is tested on the Kardeh dam basin located in the Khorasan Razavi province.

Results and Discussion: Input parameters of hydrologic models are seldomknown with certainty. Therefore,
they are not capable ofdescribing the exact hydrologic processes. Input data andstructural uncertainties related to
scale and approximationsin system processes are different sources of uncertainty thatmake it difficult to model
exact hydrologic phenomena.In automatic calibration, the parameter values dependon the objective function of
the search or optimization algorithm.In characterizing a runoff hydrograph, threecharacteristics of time-to-peak,
peak of discharge and totalrunoff volume are of the most importance. It is thereforeimportant that we simulate
and observe hydrographs matchas much as possible in terms of those characteristics.

Calibration was carried out in single objective cases. Model calibration in single-objective approach with
regard to the objective function in the event of NASH and RMSE were conducted separately.The results indicated
that the capability of the model was calibrated to an acceptable level of events. Continuing calibration results
were evaluated by four different criteria.Finally, to validate the model parameters with those obtained from the
calibration, tests perfomed indicated poor results. Although, based on the calibration and verification of
individual events one event remains, suggesting set is a possible parameter.

Conclusion: All events were evaluated by validations and the results show that the performance model is not
desirable. The results emphasized the impossibility of obtaining unique parameters for a basin. This method of
solution, because of non-single solutions of calibration, could be helpful as an inverse problem that could limit
the number of candidates. The above analysis revealed the existence of differentparameter sets that can
altogether simulate verificationevents quite well, which shows the non-uniqueness featureof the calibration
problem under study. However, the methodologyhas benefited from that feature by finding newparameter
intervals that should be fine-tuned further inorder to decrease input and model prediction uncertainties.The

1, 2, 3, 4- M.Sc Student, Assistant Professor, Instructor and M.Sc Graduated, Department of Water Engineering, Faculty of Agriculuure
Ferdowsi University of Mashhad, Respectively
(* - Corresponding Author Email: farid-h@um.ac.ir)



\Y"\f)9-.'.)0:3‘—é|->}o‘fe)Lo.&‘Tﬂ.\l>.‘Jl5sh’,Tq)_&; FYS

proposed methodology performed well in the automatedcalibration of an event-based hydrologic
model;however, the authors are aware of a drawback of the presentedanalysis — this undertakingwas not a
completely fair validationprocedure. It is because validation events represent possiblefuture scenarios and thus
are not available at the time ofmodel calibration. Hence, an event being selected as a validationevent should not
be used to receive any morefeedback for adjusting parameter values and ranges.However,this remark was not
fully taken into consideration, mostlybecause of being seriously short of enough observed eventsin this
calibration study. Therefore, the proposed methodology,although sound and useful, should be validated inother
case studies with more observed flood events.
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