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5- Metropolis Algorithm

6- Generalized Likelihood Uncertainty Estimation
(GLUE)

7- Bayesian Forecasting System (BFS)

.

CPRTY

oler a5l (g sun glayaie SYLasl o
el 035 (e dite d g8 D5 oylsan y3l gl Jlw jd &g,
Cunl Job B plieb] SO b gt (YLl 3505 )3 Saa
Slalllas 5 ol s S sty 5 29250 Cnbad pis (4)
S 83 2yl ) Wlg e Cupnlad pas o sl jolg
350 yolio b Blize slacs pS mpenat 5 (ST Slibos plsl i
(23) 39 gly asdo Jlai 3,50 o0y Il
o ) (mpie > Cuslal pie ) (Yl ol
Jol o9y 2 6r5 490 o 0gud N oo (Anadls (S 05
Je g o yielly cosad pas byl sl gy ol D9 e o3l

i )e Nl @ g5 o alex (] jlag, 0 SIS 4 CUlg, (i )

018l ol plie uwtige 09,5 hliils g (6,58 ol =342 1
sy ol (g5 yoliiS

J9iw.n ol gh *)
sop0 o (lyes (wotine 00Suh (ol i 09,5 Ll —4

(Email: hsanikhanil2@gmail.com



1394 o - s <Aoot 29 als w5 g T 4 ps 920

Slr e 5 (95)) b SleMbl oss plosil (rer slaim i oS
9 32 Amd oo Sl adg ) wlie dle Syl g e
£ oo & P men it o) b (7) agsbsiom S
Al 4By, O

By it Sl e it 1 (2) S g (s pedll
alwl Loyl 55,8 eolitul g g SSL slaoduw
il Wl Yl 5 L | 008 iy o0 jolie jolow
M (e )3 |y 0dd 485 IS 4 (29 3 Shes 5 20>
@ e (ot 009 31 (9) OhlSer 5 plingel ol anlie
olaul iy )9S 3 (SllSg, b (il e dygl e poliaie
xe> gy 5l oalawl 4 ol L odal cond 4 guli LS
Cewd Gl Mo 35S 5 o35 1 e ) el Cool
3y

5 o plool Glalllas aiels &8 ob i L8 cldllas )y
d93e (555dgy0nm o o o o) )3 (grax slasby) pogas
Slae 1 .cal S g drwgd Jls 5o pu8] gl Jlo ) g 035
Ol e (a3 )3 (e (St by I oLkl (3u05 ()
sbaSlas 09y 9 B > (mer (ot (gl Sl
el jlaise (Soluon (05005 ol yoSll 5 (s

L g, 9 390
od b YLl pasn S G
Tt o sluael 48 Gloj (50 Nl JS it (ghasgors
5 855 o 03 by (6)} {2 (€} - Ay (8)}
ti (i Zosnloco N (clyls 595 acgamma sluael jl pliS , »
A asd)S b s et golue Sl Joles 1, ..., N)
A5 oolatl 1alaly sollae Sloj p3U (o9, b o ki ai> alal,
y(t)
y1(t)xy1(t_V1)r---ry1(t_(m1 _1))’1): (1)
=120, y2(t = 72), . 72 (t = (mp = Dy2), ...,

yn (@), yn(t —yn), ., yn(t = (my — Dyy)

abal, sl pecd(w =1, N) sW sze )y My
~u At Yy (W =1, N) polie 0ps b Sloj slapsls
o bl am plp Pgylsy (clid am cpiomen el cund
- i STl em = (my +my + -+ my)
@ Goj Sy Byna Sl a V1 (£;) il By, by
Sluasuia dad ()b 4ilgi o j Lajeiie plo g 039 (b2

6- Bayesian Ensemble Forecast
7- Thresholds Exceedance
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1- K-nearest neighbor (K-NN)

2- Autoregressive moving average (ARMA)
3- Artificial neural networks (ANN)

4- Ensemble methods

5- Gunnison
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Table 2- The statistical performance criteria for nonlinear probabilistic ensemble method in discharge prediction of studied
rivers during test period
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Figure 2- The Performance of nonlinear probabilistic ensemble method in river flow prediction of Baranduz-Chay basin
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The shaded area represent the 95% confidence interval of prediction
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Figure 3- The Performance of nonlinear probabilistic ensemble method in river flow prediction of Zard basin (Mashin

station)
The shaded area represent the 95% confidence interval of prediction
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Table 3- The statistical performance criteria for NNPE model in river flow prediction for test period
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Figure 7- The Performance of NNPE model in river flow prediction of Baranduz-Chay basin (Dizaj station)
The shaded area represent the 95% confidence interval of prediction
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Introduction: In the recent years, researchers interested on probabilistic forecasting of hydrologic variables
such river flow.A probabilistic approach aims at quantifying the prediction reliability through a probability
distribution function or a prediction interval for the unknown future value. The evaluation of the uncertainty
associated to the forecast is seen as a fundamental information, not only to correctly assess the prediction, but
also to compare forecasts from different methods and to evaluate actions and decisions conditionally on the
expected values. Several probabilistic approaches have been proposed in the literature, including (1) methods
that use resampling techniques to assess parameter and model uncertainty, such as the Metropolis algorithm or
the Generalized Likelihood Uncertainty Estimation (GLUE) methodology for an application to runoff
prediction), (2) methods based on processing the forecast errors of past data to produce the probability
distributions of future values and (3) methods that evaluate how the uncertainty propagates from the rainfall
forecast to the river discharge prediction, as the Bayesian forecasting system.

Materials and Methods: In this study, two different probabilistic methods are used for river flow
prediction.Then the uncertainty related to the forecast is quantified. One approach is based on linear predictors

and in the other, nearest neighbor was used. The nonlinear probabilistic ensemble can be used for nonlinear time
series analysis using locally linear predictors, while NNPE utilize a method adapted for one step ahead nearest
neighbor methods. In this regard, daily river discharge (twelve years) of Dizaj and Mashin Stations on Baranduz-
Chay basin in west Azerbijan and Zard-River basin in Khouzestan provinces were used, respectively. The first
six years of data was applied for fitting the model. The next three years was used to calibration and the remained
three yeas utilized for testing the models. Different combinations of recorded data were used as the input pattern
to streamflow forecasting.

Results and Discussion: Application of the used approaches in ensemble form (in order to choice the
optimized parameters) improved the model accuracy and robustness in prediction. Different statistical criteria
including correlation coefficient (R), root mean squared error (RMSE) and Nash-Sutcliffe efficiency coefficient
(E) were used for evaluating the performance of models. The ranges of parameter values to be covered in the
ensemble prediction have been identified by some preliminary tests on the calibration set. Since very small
values of k have been found to produce unacceptable results due to the presence of noise, the minimum value is
fixed at 100 and trial values are taken up to 10000 (k = 100, 200, 300,500, 1000, 2000, 5000, 10000). The values

of mare chosen between 1 and 20 and delay time values Y are tested in the range [1,5]. With increasing the
discharge values, the width of confidence band increased and the maximum confidence band is related to
maximum river flows. In Dizaj station, for ensemble numbers in the range of 50-100, the variation of RMSE is
linear. The variation of RMSE in Mashin station is linear for ensemble members in the range of 100-150. It
seems the numbers of ensemble members equals to 100 is suitable for pattern construction. The performance of
NNPE model was acceptable for two stations. The number of points excluded 95% confidence interval were
equal to 108 and 96 for Dizaj and Mashin stations, respectively. The results showed that the performance of
model was better in prediction of minimum and median discharge in comparing maximum values.

Conclusion: The results confirmed the performance and reliability of applied methods. The results indicated
the better performance and lower uncertainty of ensemble method based on nearest neighbor in comparison with
probabilistic nonlinear ensemble method. Nash—-Sutcliffe model efficiency coefficient (E) for nearest neighbor
probabilistic ensemble method in Dizaj and Mashin Stations during test period of model obtained 0.91 and 0.93,
respectively.The investigation on the performance of models in different basins showed that the models have
better performance in Zard river basin compared to Baranduz-Chaybasin. Furthermore the variation of discharge
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values during test period in Zard basin was lower in comparison of Baranduz-Chay basin. The real advantage of
including streamflow forecasts requires detailed and specific investigations, but the preliminary results suggest
the good potentiality of probabilistic NLP method. Using ensemble prediction method can help to decision
makers in order to determine the uncertainty of prediction in water resources field.
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