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1- Flood Frequency Analysis 2- At-Site

5- Cluster Analysis

8- Hierarchical Algorithms

11- Self-Organizing Maps (SOM)
14- Kohonen 15-1-D

4- Regionalization

7- Fuzzy Clustering

10- Self-Organizing Feature Maps (SOFM)
13- Willshaw — Von Der Malsburg

16- Heteroaeneity Measures

3- Regional

6- Hard Clustering

9- Partitional Algorithms
12- Unsupervised Learning
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1- Homogeneity 2- Canonical Correlation Analysis (CCA) 3- Principal Component Analysis (PCA)
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Figure 1. Geographical location of Sefidroud (Ghezel-Owzan) basin (Mahab Ghodss Consulting Engineering

Company)
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1- discordancy measure 2- Feature Vector 3- Rescaled
4- Standardization 5- Agglomerative 6- Divisive
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1- Single Linkage 2- Complete Linkage
4- Ward’s Algorithm 5- Synaptic

8- Silhouette Width
10- Dunn’s Index 11- Calinski

7- Cluster Validity Measure

3- Average Linkage
6- Competitive Layer
9- Davies - Bouldin Index

- Harabasz index
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Figure 2. Sizes of clusters or regions formed by clustering algorlthms SL, CL, AL, W and SOFM denote Single

Linkage, Complete Linkage, Average Linkage, Ward’s algorlthm and Self- Organizing Feature Map,

respectively

1- Quantile 2- Generalized Logistic (GLO)
5- Pearson type 111 (PE3)

4- Generalized Normal (GNO)

3- Generalized Extreme Values (GEV)
6- Generalized Pareto (GPA)
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Table 2. Selected regional distributions based on the goodness-of-fit measure Z for the regions formed by SOFM and

Ward’s algorithm for 2-region state

Gladhaie @595 adlaio (g0,lod sl
Vo g )

A8l peasd (53> polie A SOFM
a8l 5 oy \

s ey Ward
Vo e v



http://dx.doi.org/10.29252/jwmr.7.14.118
https://dor.isc.ac/dor/20.1001.1.22516174.1395.7.14.11.3
https://jwmr.sanru.ac.ir/article-1-762-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22516174.1395.7.14.11.3 ]

[ DOI: 10.29252/jwmr.7.14.118 ]

W

10 years)

Flood discharge (ems) (T

Epas s 1S | 295 xS, b ol Glaoje (saaikate

[ ] Ward

1500+
B sOFM
Bl Atsie

1000+

G I.II I -I III [} I—II--IInI

oAb~ VO oM o — W= ho— e O
o oo o I I B B O s} 3] Wi 00 OO o— e W
o oo = o oo o (=] [=J =1 =]

I--lu.l.
(=] — O = v v D
vy = P el s B O e < B |
L= = = = e e B LB R i < o Gh Sh Oh

ailaie 93 bl lailate Slgls oo g (gl gl Julos ) solizad b Lo 03 cuiSil 0)s0 b oM 3,50, Ve S5

SOFM (saliwg & odd JoSi5 (gadlate 93 9 3)lg o651 (gl 4 00 JSUis
Figure 10. Flood estimates with ten-year returr:j Beriod by using at-site frequency analysis and regional frequency
FM

analysis based on two regions forme

| Ward
| SOFM
10+
—
=
&
—
a
)
=
5
= o
=
-
g
§
10+
o — e — e S — oo oo o
=28z 2 ocHda & 5243
SEEsS8=s=ssssg8gsgs8g88888
cEeeceEEEEEdEdeeEas

y Ward’s algorithm and two regions formed by S

Al 1 e T 11

Eo 0 EBE83CcRHECSEHEEOd38Es
FEFEeSSSxsasIaasaass
Ll e el e e e R e S o o S e S S T o S e

dalllas 590 (sloolSiuy! (gly Jlo 03 cuiS 3l 0y93 b Mo dba:”iﬁ Gauslie -V ISCs
Figure 11. Comparison of the flood estimates with ten-year return period for the interested stations

 Sodp s zols cosibojlusgd ceaslss ) solinl
b Jlsl s 1 Jols ol (gla3)5] 51 4 Casn
Sy Syge ) Ay i 4 Wy s Job
)’I oslawl L u‘})d (8 09 )dud )Lal 4515 L;Lmali‘;mg.‘
gigdibaio gy cnl elol g ladate Slgl Jelos
JB L (S5 4 1 e 590 clSHL (glooyed b oM
Sylge cpl p g8l S 3)51)4 ol ‘_’j Sy el
oo slbasls &S cul ol (cLoS odel Condsay @l

wdlae cpl )3 odel cand 4wl g L cols

slojlodgs el & cd)S el e Ol
@bl ganadss Joeme bty b anlie 3 (s
slojox savaibate (saine) 13 1) Jod S gols Jpa>
L) )lpl lgie 4 wlgice gycnl Sl g ditan Ll 5]
LS )8 @y 29 slddais Jlgld Jdow snl8 o
M byl b sdalie o5 pbplen izen
L gandiaie e gladlaio Jlold ool ol


http://dx.doi.org/10.29252/jwmr.7.14.118
https://dor.isc.ac/dor/20.1001.1.22516174.1395.7.14.11.3
https://jwmr.sanru.ac.ir/article-1-762-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22516174.1395.7.14.11.3 ]

[ DOI: 10.29252/jwmr.7.14.118 ]

VY

pie & Iy Dedie dwog b Shy ol bl b
dxio s Shg 5l laebl LB cleMbl 4wy
Oorep g pol gadlas slacadgize dex | oo
ohod g (e se8ud S0 lasnSy ool
odd JSi5 3l poii o o)) Pl sadlllas g (gangd <>
9 Lojo>p; Jold g 55,5 Sllae (2lg )5 0hg 4
Poke Gk 9 G5 e Sl oo ke ol

b

sllas gabadlaio (gouiS pusd AleS b Lol A Aded
5 u—l“”‘ Jole 9 1l gladlais u;‘jl)s Julos L;I);I «5‘)&
Cuol o S5 3ble SKed cogllas gabddlaio s
e SRenl sla sty bl p ol Cunsy o
odiyl Glalllas (gly codds (S5 3lge & angi b g o0
Cbesls der I anade  USWSS 405l
5 odlil b ssul (claojes (savadlhaie (cly obilojludgs
(S8l T g5 wlidlonr  Jodyinl g daxie sy S

o 9 0pE 9 w2l )l (BlS JRbgy (i e

&bo

Regionalization of Watersheds-An Approach Based on Cluster
ication of Ontario Watersheds Based on Physical

1. Ahani, A., S. Emamgholizadeh, S.S. Mousavi Nadoushani and K. Azhdari. 2015. Regiona Flood
Frequency Analysis by Hybrid Cluster Analysis and L-moments. Journal of Watershed Management
Research, 6: 11-20.

2. Di Prinzio, M., A. Castellarin and E. Toth. 2011. Data-Driven Catchment Classification: Application
to the Pub Problem. Hydrology and Earth System Sciences, 15: 1921-1935.

3. Hadl, M.J. and A.W. Minns, 1998. Regiona Flood Frequency Analysis Using Artificial Neural
Network. In: Babovic, V. and L.C. Larsen (eds.), Proceedings of the Third International Conference
on Hydro informatics (Copenha%en, Denmark), 2: 759-763.

4, Hal, M.J. and A.W. Minns. 1999. The Classification of Hydrologically Homogeneous Regions.
Hydrological Sciences Journal, 44: 693-704.

5. Hdl, MJ, AW. Minns and A.K.M. Ashrafuzzaman. 2002. The Application of Data Mining
Techniques for the Regionalization of Hydrologica Variables. Hydrology and Earth System
Sciences. 6: 685-694.

6. Haykin, S. 2009. Neural Networks: A Comprehensive Foundation. Pearson Education, Inc. 906 pp.

7. Hosking, JR.M. and JR. Wallis. 1997. Regional Frequency Analysis: An Approach Based on L-
Moments. Cambridge University Press, New Y ork, USA. 224 pp.. _ ) o

8. Jingyi, Z. and M.J. Hall. 2004. Regional Flood Frequency Analysis for the Gan-Ming River Basinin
China. Journal of Hydrology, 296: 98-117.

9. Kar, AK., N.K. Goel, AK. Lohani and G.P. Roy. 2012. Application of Clustering Techniques
Using Prioritized Variables in Regional Flood Frequency Analysis - Case Study of Mahanadi Basin.
Journal of Hydrologic Engineering- ASCE, 17: 213-223.

10. Kohonen, T. 1982. Self-Organized Formation of Topologically Correct Feature Maps. Biological
Cybernetics, 43: 59-69.

11. gé)lhonen, T. 2001. Self-Organizing Maps. 3rd Extended Edn. Springer Verlag, Berlin, GERMANY,

pp.

12. Ley, R, M.C. Casper, H. Hellebrand and R. Merz. 2011. Catchment Classification by Runoff
Behavior with Self-Organizing Maps (SOM). Hydrology and Earth System Sciences 15: 2947-2962.

13. Lin, G.F. and L.H. Chen. 2006. Identification of Homogeneous Regions for Regiona Freguency
Analysis Using the Self-Organizi ng Map. Journal of Hydrology, 324: 1-9.

14. Rao, A.R. and V.V. Srinivas. 2008. i
Analysis, Series: Water Science and Technol O?y Library, 248 pp.

15. Razavi, T. and P. Coulibaly. 2014. Classifi
Attributes and Streamflow Series. Journal of Hydrology, 493: 81-94.

16. Rousseeuw, P.J. 1987. Silhouettes: A graphical aid to the interpretation and validation of cluster
analysis. Journal of Computational and Applied Mathematics, 20: 53-65.

17. Srinivas, V.V., S. Tripathi, A.R. Rao and R.S. Govindargju. 2008. Regiona Flood Fregquency
éfé‘“ﬁ g %GCombi ning Self-Organizing Feature Map and Fuzzy Clustering. Journal of Hydrology,

18. Tabatabaei, M., K. Solaimani, M. Habibnejad Roshan and A. Kavian. 2014. Estimation of Daily
Suspended Sediment Concentration using Estimation of Daily Suspended Sediment Concentration
b%/ Self-Organizing Map (Case Study: Sierra Hydrometry Station- Karaj Dam Watershed). Journal
of Watershed Management Research, 5: 98-116.

19. Toth, E. 2013. Catchment Classification Based on Characterisation of Streamflow and Precipitation

20 Time Series. Hydrology and Earth System Sciences, 17: 1149-1159.

Willshaw, D.J.'and C. Von Der Malsburg. 1976. How Patterned Neural Connections Can be Set up
by Self Organization. Proceedings of Royal Statistical Society London B, 194: 431-445.


http://dx.doi.org/10.29252/jwmr.7.14.118
https://dor.isc.ac/dor/20.1001.1.22516174.1395.7.14.11.3
https://jwmr.sanru.ac.ir/article-1-762-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22516174.1395.7.14.11.3 ]

[ DOI: 10.29252/jwmr.7.14.118 ]

Journal of Watershed Management Research Vol. 7, No. 14, Autumn and Winter 2016 ...........ccovenenennen e e 118

Regionalization of Water sheds Using a
Type of ANNsto Regional Flood Frequency Analysis

Ali Ahani', Samad Emamgholizadeh? Seyyed Saeid M ousavi Nadoushani® and
K halil Azhdari?

1- M.Sc. Student, Shahrood University of Technology,
(Corresponding author: ali.ahani66@yahoo.com)
2 - Associate Professor, Shahrood University of Technology
3- Assistant Professor, Shahid Beheshti University
Received: May 22, 2014 Accepted: October 14, 2015

Abstract

Sdf-Organizing Feature Maps (SOFM) are a variety of artificial neural networks that their
applications in the areas of pattern recognition and data clustering makes them noticeable tools
to perform regiona flood frequency analysis (RFFA). In this study, ability of Self-Organizing
Feature Maps for regionaization of Sefidrood watershed in order to perform regiona flood
frequency analysis using L-moment algorithm is assessed. Results of this study show that
SOFMs may be used as an acceptable method for data clustering and regionalization of
watersheds. Evauation of values of cluster validity measures showed that they can’t be a
determining factor to identify suitable number of regions for regional flood frequency analysis,
but homogeneity of regions is main factor to determine desirable number of regions. According
to homogeneity of regions and sizes of formed regions, regionalizations including two regions
that formed by Ward’s algorithm and SOFM were chosen as optimum choices to regional flood
frequency analysis on Sefidrood watershed. Furthermore, based on results of flood estimation
by at-site FFA and two RFFA, regional estimates are very close to each other and their average
relative difference is equa to 1% nearly. Also relative difference between regiona and at-site
estimates doesn’t exceed 17% in any station and its mean value is about 8%.
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