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Estimating Precipitation Data Using a Fuzzy-
based Technique
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Abstract

As a flexible tool that may be adapted to many systems, fuzzy
logic was employed to develop a new technique for
estimation of precipitation data. This fuzzy-based technique
estimates precipitation for any point upon available data from
the neighboring meteorological stations. The contributions of
each station is weighed due to its differential longitudes,
latitudes, and altitudes with respect to the point of interest.
This was accomplished through two membership functions
for distance and elevation. Each of these functions are
composed of four fuzzy sets (triangular and trapezoidal
shapes with partial overlaps), which in turn led to sixteen
fuzzy rules. Computing weights for each station activates a
minimum of two and a maximum of four rules. The technique
was tested for Khorasan province in eastern Iran using the
data from 48 meteorological stations. Finally, the results from
the fuzzy-based technique are compared with the results of
two other commonly used methods, namely simple average
and inversed-distance. The results generally showed the
minimum error for fuzzy technique. The minimum mean-
absolute-error and the model deviation of the estimated
values were found for the fuzzy-based technique. Inversed-
distance and simple average methods showed higher values
for these parameters. The role of the number of stations
involved in the estimation process was also discussed. The
optimal number of stations are found to be four.

Keywords: Fuzzy model, Fuzzy rules, Precipitation data,
Average method, Inversed-distance method.

YA )LQ.Z o) b)loas &W le
Volume 6, No. 1, Spring 2010 (IR-WRR)

Ya-¥v - a a am

3B SIS L ()b gedld (g5l g (e

*\ b4
'63915 31 ol 9% (5 Uil Comamns

sase
ol o3l il & iucllasil ) Sy olgis 4 536 Blato
5 oS slp Lie ST S drwgs g Sl cps o) 1) aalelw
Ghie g e SuST ol oads a8)S LG (S50 sleedly (g5lwjl
oKl jd derg0 sloodly & drg by dais Sl g5l
0o 5 Job e sl p oSl by 5 jgbre ulislsa
S3b Cogae @l 9 SLIL K cpl Wi e W)l g 2Ll
Jaz 3 S 5 555 ol ol 1 oS i ol gl alols 0|
S s G Sgan b sleiigd 5 o JKA | 66 aepuine
2 ey g 0js dmsbre gy 008 (il 8 VP dbnl 4 e
3 oozl |y S5 ol 45 b el ¥ Sl o Y il o olSituy)
@l g 0sd o903l Syp plulp sl S50 olilse oSyl FA
235 dlio 5,5 5 Sin gy 5 ololh pSe gy b ol 5 Juols
Sopeb 4 b Cundy (g5 ST Gl 1y s Blas ol s
9 35S 3l SESS s Jae @l Sldl g gl slhd lawgis
A3l 635 ke gy Sl S Alols S gy 9 503 by
B sy 2590 ilise (slo by @l 2 laolSiun] sl 56 eizeen
S8 Jae p |y @l e oSl ezl edliul Ll o8 «cd S

2l Cuody

Aol S b9y (65 1Nl

VWAS 3l3ye VY tdllie il gu )b
WA LY i 5l go,b

1- Assistant Professor Water Engineering Department, Ferdowsi University of
Mashhad), Email: Ansari-hos@yahoo.com, K.davary@gmail.com
*- Corresponding Author

65 @ ¥-

e g3y oty O wdins 09,5 Hbokul -
Jsis o3t =



cel 5B Glaie 3l oolitwl &S Kiine piize | am DS e
5 ooliul Mio 90 1505 syl S 5 CutsS Ll
ol 3)90 glajiehl Glo lp (ras &b S 3 Glate ()]
pde xSk oy Il cel b lle ©yp0
ST S Hlais 4 slaie oyl 5l aS osds el (o 0)5 45 ol
SIS o dae psle der ) e sladie) 5 Lo
RPV I3 RPN v | (Y W SV W 1T S AW s«

.(Bankert et al., 2001)

L bl o adS Gyso Glabss 5l ol & ) Cwond j
‘OLQJ] 2 sladles (o 05 0 oyl (g5l sl e 5 odliis]
2 658 slbacgaze 9 (556 oo odlitwl sy 4 pdize
23y sl b ldye gjlode g bodly jJUT o5 4 g59)eS]
Iy 556 degomo 5 (531 laio hgy a5 Midly by b ol
dy50 (S93elsST Gladzs )5 lacualed pac auolre (glp lef 0
Uigy b leMbl oilyy esa8 sl ybgy duslio ol )8 solatl
oy 5l s oolaiwl U cale pB |y cpdie cpl (g3l
Ly gy cpl 3 edlatwl b bl aiSs paue g 5850 (yall
Jooslazwl b1y 3850 g @8l glaodld g e CleMb] &S
Dby e B asgerme )3 Ay Chile b Slo sla e

J(Salaski, 2002) a8

dilog asgaze  (pl (il chasgeme  (gpiySlasl
s HhE ksl e a8l Ty 68
loeolatel oy)lee 31 > S (Bardossy et al, 1990)
Lgl.zboblb odlazl L o)lﬁ.uu;% dbd)ﬁfr":‘r""aj ‘d)'lé LSL‘”W:*‘*.‘:“’
onies sl (ol @lio jlopglato iz (g )lo 0 0 Jto) (380,
S8 Cogac 2lg b odd chuogs Sy g0 4 &S 1) aliue
Slo s 5 o dan Jols ] adlon 58 ¢ s
» Py gleeyS Bales g (BN Seeal Sl Gopte
b il opshaie s lol8l arwgy (glp oS odgr (615 paenas
Lol 0045 djl)‘ uT @L.o w‘)s‘ 9 u,u.lblf Cyguac é"?" )‘ oalaiwl
(Fontane et al., 1997) 1i oy Bid S Sygo 4y ¢ Jlo
odal Cawds 33)bu, dolee o 5l aS Slaedly 3,8 Jae (g5l
ol S 18 ol 3y50 (536 (ls8 (s ge d (sl ide:
Sloj gy b Bl 5l lagia I iores (i

dodo -

5l sl pae ¢ il g ple GOt b aS 2g ol o dlizel Ll
5 sl pac 292y p3) slrand o bl cdy il
e 2BCend lyin pdl Clinl O b a8l
alye o (glooged aej cnl > ailadS )5 jlaise b
3 ol 3 Jleisl g ol (595 3,18 dlacxio lacuabid pac |
o Jie gl o) ol 9p)8 a2 ST g jslcaddss )l
1o o)l Mos oS 0392 (S0)58 ddate sladed 3 4 diojls ooy
gl STl aBlo o JSihio Hlans g odlil BBy 1) Ll
b oosd bJde (Shomg cuw yidn <dd poojlul 5l Liw ST
Sl glaygaie Ll 08 o)lge pan 4SSl
Ll .(Bardossy and Duckstein, 1995) ail o5 ydy Sl
&l acgahd pac b ablie cas 1) 5,500 ,Kaly b sl
Il oles 4 5B slaie et I (gl il S o
Sl Slodine] )3 &5 03 wle (HBly gbid > I LB
[(Zimmermann, 1985) 5,l> 5,5

Conbad (e &5 pole > oad 4B I lagdy) (B
2 o8lP GreSy Ay @ ) (S lapige 13, Wit
SWolas Jodlitl by odomy (Susld slapiile (sl
ot Sl (Jie glsie 4 WS ol (S Jeiied
&y 2 2y o6 plgie ) alon 5 Ol slo S8 i b uliilse
Slodzy jhaw S0 oad adlid sl Jde 4 Cowd s oyl
iy (sl 39mge (slmoals ligl el [Casti, 1990; 1993]
ope 4 g Cuws I odomy laJie (o Come
col Sl 55 b G5 ol G Ly SSesl
d95 o sl Jie 4 Cund odel Cunt mls Gyl
pole 5l (g5l j3 pizmen (Duckstein, and Parent, 1994)
ML (S35 5 Sei) loia] ol o ol S5l
» Sk mpe 5b) slogly 3 & Vgere bath

(Casti et al., 1979) 53,5 o ks ostie sl

9 hlpd slaonsy Wl e &S cul ilale D) (gl slate
Ol ke dlomo T 5 03905 ol (o2l g0 4 1) oS
Slp B By SO plgie ]y 656 late wdlj Sue jouwdy b
O peblie ool ol coge bgy ol )8 eolasiwl (g3l Jte
Ao (glp (Sye B9y 9 (S mrena lp FemalS g (Ll
S8 okl 3590 03 S gl 4 ysls b 5 g 0dd (3L g0

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
64 @ ¥



o (35 e @l ) duapon precke Yo Sl i 41 (e
Soliwl 5l (S > Jlo Jsb b Su)k (SaSly ()
35 T gl (S5,b ailale s 45 aas o L5 35 asla

() dsiz) ol

5 Jed lp %S b bolKi] (Su,l e dulie
G 4 gy sl & ol cusbly ol ;LG 58 Gl g
Grd 4 gy sladnl 4 Cond gy (SH)L I dalungs
Ly ] s Mol oy sladials o yiulial ol 36,0568 5
Ui b )8 Cgbye slrodgs ol (gla S5l oses Lo a8
CS > B By oy ladl g j0 &S MEb e slalnae

S e

2 dg80e  SHb sleodly (gilujl sly &S cuwl S a4 p3Y
S53slonlS o] TV g SKitgiam o] V5 Slollas dilaie

AW

&3 Ja 5 (gylomo -Y-Y
do & Wi ly Sla St 3L ) gilo s Loges
To 9 e ($9> Sy s 4 Bedgyy i
Solose 51 Lol b 2298 SUSE gl 1 S 5k 4 b g Sl
# 5 S Jelse g 3B Ghie (Bl Gl lapiia
odly ez 5 (ilwil (658 Jao qealilm 0 SW5L jusie
& o) o S8,k lmosls s gily > 03 &) Sl
s 5 Jsb M) e Ll cod lages S5 olKi]
@ olial b esaios ol g Adbe glis,) B 5 (bl
4 ol 5 Sop b hasye e ool Ul 508 3,150
a dbai S j) Sk blps @l Lol oyl lsie
VS Oype a4 il Je g By 1S e e 03 dlas

Lodls (g3Lwsl g cpmods Slepigy dmlio —Y-Y
slodly (gjlsjly 5 (058 Bl (sla g (owiy 9 bl Sl
o odlizl " Jlite s liel gy pb 4 (Bg) ) (S5l
9 ol LBl u.&}a Oy olo Pr) Lgl.bb.)‘b ‘L)i’ﬁ) U”I PN Cwl

Sl y3 9 0 (sjlojl calisio (sla by 3l ealiul b () Hlada

Lol 365 iy sl olall Dy, 8 3 o aliy, (clolis
35Le) (6399 (sl yuiio | bgy cpl yd 53,8 odlazul el y3
5 lis) porSle Oyl axyd chlaai b () g, casia I
L5 eolaiwl (Mﬁ dl.m)'9) 2 Jw d]}b 9 uT h;l).w

(Bardossy et al., 1995)

S il e ST o 4 Gellie Kaslys 3 (s )
2 Ol cpl By (gladlaie sl JLSiS sy s
2 Spmadl iz gl & 008 e 3 Cliios
s> Sy [odl g2 laonyy 5 (CPs) S5 (polie
sl o ol JuSis jaSls oSty e (ENSO)
Ll oS oalisl G pel (6 ppmna,S S5 slal o > (PMDI)
0SS gy BCP ()b e dally 4251 a5 il
ol s bl o)y 359 PMDI 4 (SOI)  sgi> blws
BCP (o (Sianly g aodld g (ylol 090 1392 0l o Ssusenr
iy e (5)lel SeSiSS 2,08 (A 3940 (s SOT
iy o O (] B8 Mo @ a2 b 235 e
Ohoy 2 B2l 59y 558 ST ) eolizal 4 o JLSis
4 SOI glagymw g diljsy LCP | gadss pl ) osds &l
zlicwl olais 4 ilale PMDI g (651 e (sla JYaiwl leis
o 4 pbise ey opl bl odd odldtwl yiled ol
Ghie a8 Wb Gl bwyp S8l cawd Jod LB
Joodlinal b dladhie gl Jlsis osSin caer il
Cool cmlie JSis S5 sledls L 4 PMDI
= Wl b clles s (Pongracz et al, 1999)
Lt e o sl lgiee loges 45 3l i 598 lalllas
e b ol oy G pite dix b S Lz g (o8]
QG dog b ad w108 ealitul 05)5 o 1) Sly &yguas oS
S i ol sib laae Sliogas 5 3 Closs

Dgais odlatwl (S5b slrodly (gilosl g e

sl 9 3190 -¥

axlllas 390 dllaze )Y

SNl g b ol el cadlis 30 el
bugle & 039 i8S Glwl (pyinwy Olyie 4 @y iogS
) S8l S Sl 5 Ml simde VA ] S5
2 syl 386 aldlyir (o o ol SuS1y a4 ol
Slon sloodg d2g e 4 5 ol £55 5 2lm 5 O Ll

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
63 © ¥y



oo & VAFA-Y o+ ) (gl )95 (i)l buab ST ) g

SISl o po b RES:
alalo b Ol S e
s o5 Yy a¥ M yses
JANS g ) v A I
AZN a4 ¥ V& VOA TTPRVENON
7YA ¥- ¥ oy 1% g s
AR A o a) WYY Ao

&lF 8 i Ol s et 008 ilnd
;33@5‘ g ot ey g G| 35 ceps e g JW B
els) 36 gl iy, ol 2

S b oy medd (536 Jae (IS g lome - UK

5 obwl Jlod gblio ) 5yt ieadd )3 5 gl g gble

V0 b e alold o 1wl oS SlingS o (glalngS sble
Dy 5 Ggo 4 SB Asgerme pj (S ek

a=| (x’ﬂA(x)) PoxeX o uyy el

PAX) 5 e o] jI Gl claolKiu] alols x o] ;5 a5
SUag Gy 4 a9 b cwl A X Cogae b s
1 T ol&iug) 5l lialolh GUS] s p B slaolKiny)
Whke G slhog)S (nl SWAS Gl S5 05,5 Yo
S35 bawgie ol (Near) jglxe slalliu! 5l L9,
19 solKiuy! g (Far_m) 40 lewgio (sloolKiny) (Near_m)
oS oy Folie JSKal s Loges (gjlb cogis mlss (Far)
3y90 Al (K58 Cliogad Cugae @l Ol W9y (el
by ol ey v b S plyie (oold)lf olla g oy
b Wlg o 355 cmiley | g9y 0,8 edlawl 1) (6518 Jao S0
(Bardossy et al, 1990) sl  Jliges caliee lsyd
IR S 5 i Slagen IS 055 50 3 ik &l Ysems
g9 3 35 nl 5> ol 3)50 (556 @l (Y JS) X5 oo
I ey ool sl i Sligen b laiied 5 (e oy
5 bl i o 4 a2 b )l 5 alols MBI (53l &l

a5 o ealie plyis a4 aline S50

odd 5D Cluogad w0l Cbul (g5l Cogas mb g 4 asg b

Sl 0d b o ya (51 sladegocma s 55 Cogias il »

by <> 9 (MBEY) mls <dloul daodly cyu (Sirod oy
1 dwlre 0 bailgy wluly (MAE)

Z(ES_E()) (\)
MBE ==l
n
" |Es — E
MAE = f;' i )
n

:MBE <00 d)afb)l.b‘ )]Jﬁ.a :EO 0D 3)91){ )I..\.QA ZES coi).) 4
5 0lStu) & bgsyo bl te o i MAE ¢ Jta G50l Jliio

Lol o] slass m

cou g @l -Y

$3929 &9 0255 $38 9 531 Gasgeme by x5 VY
eodls 4y She cbdadld Sy 5 o)Ll &S shaslan
0 9 Jib e R il 4 ol ol (S)L
o el olply sl (BolSiuy) dlols BN Ldle
oS 9 il 3 Bl ol I S5 8l Ay
02 9 Job Sl 4 dag b die oSl (S6)L sleodl
&g iy yx5 (gl b iy ya5 alold (6518 wloy Tl p> ¢ oLl yxe
0dgdzne S 50 &S olaolKiw! | bl pdaw S )0 alols g5l
s odlizl (gluil slp xS LB yregkS 10+ Tagas
5 Sk loosls 59y gl lagwyp b ks Aol )
aS odgazme oyl JBb o a5 clasdh  Stuser b
P SNed cpl & s a (a5 Gl @g lop WO 1 e

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
62 & ¥y



r L
i 1
0 » 0 >
LSy Pl b S gde a5 (0 ol g by g gl ol (]
3B Cagas By (SUigmen -Y IS
1
g 293 Lawgia 8
0
a ) o) 3 i s
rFeghs 4 alald
dold (551 Cogas @y oo 5 b9 g g9 - IS
B}
Ld

S .

A:{(h:ﬂA(h)) PoheH o pypelod] )

e pA(D) g o] 93 glis)) IS oaimd jlis the)] s o
Cuol A o h Cogie b

Cagas @l g i) SNS) 15T de s Vb Gy 4 2y b
oy (Siwen e g glis)l OGNS wlg o iy yas
Ol odlizal y90 @l (glis) M) 3lanyd b uliilaa
M3 L claolSiny] (Low) glis)) po cbolSig) 5 wiog,
Lawgie glas,l M) b claoKiw] (Low-m) oS lawgio glas)|

(Hight) sb; £lis)l 3M31 | (slaolSzu) o (Hight-m) sl

o] (6538 0508 4y dty X polie wlie H polio
b o slaodls oS e ozl b Ll plis) Ml o ol Lo
39 &y sl 30 Toles 4wl 293 st 293 (giluil
S Sy ()0 b Gdod (l )3 S s Ul 0 o0

P az gL

EW ) (551 Cuguiae pilgi oS 55 By g £95 -V S

SLigren w253 5 bl Cugie a2)0 il 0 5 Alols M
M) (g5l sladsgomme (B Cogas @y p add Ll
oawd Sy (s)bhgel Gygam ol Cugae wly g alold

ol &y BB Y S G ygo 4y Slaisee

SxS)B oS 4 ey ol Cogiae @y 4 bgye X palie
Sracgemmo s ojl s 0950 dise olKiug] GLbI )3 baolKiuy)
Glaiels dx > belSiuy] 4Sl 5 Lwkd)S Glls 4 b
Sy b 35 cnl 3 sl 5 B X9 o umpnd
olSinsl (555 )18 By g ol alols (g9 a5 )90

X, =20, X,=40, X;=60, X,=80, X;=150

EW,l 31 Cugas U g asgeome —Y-Y

S acgeme wlie Sl dcgeme v gld) Ol sy

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
61 & ¥¥



odd  odlawwl  (Product) opalols 5 (Min)

. (Coa & Kandel, 1989; Lee, 1990)

(o dmbre sy (3B Jae yn 3 Ygane il 4 2255 L
54 o o b 10 e 5 il 30 (56 5, it
ORl8 meo slayby) 4 Bgyme &5 anlie JSB L) (4165
S8 ol aeas ln @b Sl 25 Sl i
G &> g (Max) gSlas gy 5l suiss cpl o a8 Sloads &3l

ool 05 oMzl (Probor(a,b) =a +b —ab)

Cool o (5938 10 53 oo I35 S 3 By 595 3)lge 2 09Me
CablB b gl ja (iludygly d2ps 4 & Canl Jo)5sp ols
odlél d)y90 )il.o& LUR vowe} ] A_99)M (DOF) uylﬁ Lj PL?UI
OlaSy ol OR Slas L AND Slas Jzo o yliS blsyl ¢y
(Slhes Lo9y) Jols zluul 1 Ygemo aisl ciglite Wil o
iS5 J OR She sl 5 S o5 5| AND Shae 4l

Dgais oo olitwl Sl

DOK 4, AND Az):Mi”(ﬂAI(GJ)»#AZ(%)) (¥)
DOK 4, OR AZ):Ma)‘(:uAI(aI):ﬂAZ(a2)) (%)

Wy Shee glicwl by ;I edlitwl cas 4 (g pl jo
ol odlaswl JBlis oSy 5l DOF awslre cgs AND (Slos

Jso (295 T35 538 -0-F

S e S (3B Jao S ol gl a1 g
A ) ool Canty Ol b 298 0 5B ©jg0 4 Ao
el hlae jo a8 Wl Joaxe iy olael slea 5y olael) Ws)s
e Spgar 536w S b )5 b (85 00 )8 38
Silosibrs aghyy el (35 s |y 25 dom
Sl a)le abe) cnl (n ot &5 048 W)l (isisee lawgs (3L
oy ¢ JB Sy gy (MOM) Sl pslie Sl 3,
5 (SOM) Sl Jlais pieS (g o bjluess b5 Joo
Sy eyl B > (LOM) pShis Jlade (il (b,
sl o1 o3liial (F JSS )3 (Arogi b ) JB S e

ookl 350 (g510 sla Ko Sy calisee sla gy Clasuin
Gl 0030,8 255 (V) Jodo 50 caidy JIG Gudios ol o a8 oo pd

W w)f)ka))del)J 2 )J.)La.c thbbliuwl
H,=200 H;=350 H,=500 H,=100C

Cogias @y S 5 9 651 olgd g i YT
OMS| g alols cogac mly oS5 Glp 3B pled
sl b i Jro ol Jolye pyene I (S el
5 Sosan blis 5 glis) O] g alols ply Ll o IS
IO cops b p g ) s cb op i sl g AB)S
OmS Hlde 9 pl 4 dag b Sl polie g S I8 Jlaike

g £ I AT qilgy ciliseo OS5l —Y Jgia

aold

H D Near Near m Far m Far

Low \ RN /Y0 150

Low m INTS /Y0 <[5Y0 -1

Height m | ./va < [5YD -1 AR

Height - [5Y0 -/ AR AL
LS}Lé @U BV 5] UL»_» H 9 ol L;)'Lé @U BV 5] UL»_» D *
Sl izl M|

398 Joi> 4 a9 b (5l Opgar oSl o o ys s gl
Ol M Qe B S Oy ) o] o b (651 degeee

— s 20

1 0.875 0.750 0625

s

0.500 0375 0.250

oS 35 31 ool G (5506 gl il 5 95 -0 UKD
&Liu”)l 9 aold &g

Jo (295 dnwloe - V-V

gliwl slagbgy 1L seye 5l S (Jae (295 awlxe <l
. g A .Y [T

dwle B9y 9 o8l Taead il el Ol
gl (gl Baios ol 5 08 saseie ) gjledysly 4
Sl plilial ooy 5l 656 plibul (slyr g (Slaes (B9, 5l 556

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
60 @ fo



pake g TR P32 0 Wyl o gl

0.212 0.207

050 0625 0625

e

Lt gedne 1 Julie

! 1 0875 0770 0.625 0:500 0375 0250
Bl o

it
JE 3 50 o9, b 3,5 (2o ps dwlon g (55 (il oS 5 Bgss -5 S

SH)b o3l (o3 g 55l 51 S 53 b Slas oS i Alise (Slendy; Glasule Y Jgas

S35,b gesly g5lusib (65 Jso calisee slacwowd 15 salaiwl 5 o,
PANEY SO0 &) S ) )9 S S 5
. " =5 5 o9y pb
03 sy 08l g gl DOF plk
Centroid Probor Mamdani Min Min C:
Centroid Probor Mamdani Min Prouduct C2
Centroid Max Mamdani Min Min Cs
Centroid Max Mamdani Min Prouduct Cy
n = - o e
X(P*w;) S5k ol (pradS —F-Y
_i=l
b= iW () 25 bl 4 dog b oK) o 4 byye colps duolrs jl ax
= 10 gl S5 390 oSyl 53 LSl (slaodls
alols sSls) L) 7 =% a5 Sy o3l i P ] oS $ Coef, * Data,

Glamwg 38 L a5 dgdne 03> b oS! b polee o3y b olSiww]
S5 00y 1P (g8 0 Ao ArcView ljéle,s XTools
5 Silojl lp & polee 03y b sloolSiu] st 7t pglae
olylosd 17 g Cunl 43,5 (18 odlatwl 3yg0 dgdte 03> eSS
b oo o)

1wl o odlawl 4 dlasly 5l oo (608 WSk gy p

1 $[p P
w8 .

S5, bsgio Py o iwadS S8y o0l 1Py el ol 3 &S
bugio 1P pglae S oy 1P ez oty |y ol
aS polao 03 b (slaolKiu! dlawi: 71 (plro 030> b olSimn] (S5l

bl olSi)

Data,, = = (0)

ﬁ‘;Coef,-
Data; pli oKiws] & baye coyps :Coefis p3l daly o &S
Datay, i oKl 10 a5 3y50 loj ;0 polee SH)L l5ee
5 oSl ox)leds il ol 390 o] 3 (e (SN e
O3S g Silejl slp edlatul 3)90 (laolKugl JS dlasi
Adb e (S slrodly

0b9) 90 5| @l dwslie ca odlitul 5)00 (G5B Jho p ogdle
9 ol pSe g (g Sk lrodld (a5 5 giluily S0
125 Jsosd 5| ol S bgy 5 b ol wa 5Sike Lboy

2 0dlatwl Wodly (g5kwjl (sly

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
59 & ¥5



Sib cogpas 2ly agilojl > e soliual a5l ow
caps B Jse 5l oslizul b g ord asuie gl o alols
D ableo 1 oslizal b Tyles g 33,5 o (e oK) o & bgyye
4 baye ls 035 0 il b odd 0d) ez (SW,b ool
ey o] (Bolal (SW)b eals Voo (gilojl 5 (eSS
Sy yelis 9 Glesyd eudlS o i sblal o] ¥ 5l a8 Slo;
Cawl ods Bl A IS5 50 o odlatwl baedh (ilwsl g pwesS
bl ) deosly (5losly 5 (pass lp & ol sy 4 p3Y
Slooolatwl b s g o3 dsdae Waodly alS 48T e 5,8
ol &l bl Slosds (g5loil g ez Waodld jolxe (slaelKitws!
ki b (Su)k gl @iy o8 4 e

imd e Ui |y gm)S)

ghw JS 0 (S6,L cleodls (gilujl g omess ly T8 ol
DL g ¥ Xy Sub ek b dlise Vs j g okl
-k-;sé; )I)é O)L&»l .5)340 50@‘

P ey dolh (556 Cogas @y S5 g Bl 0 (o)
Aol (556 @l (55508 090 4 a2 g L a5 b (L5 (55l S
o9 (F )8 bl desl S5 5 o0 Jlio 3 lisy) Y31 4
o8 9> Sl g Jlog Sk oy o 50 & W e sy (300

(3 JK8) 2980 JUub

100

sud Sileil Tl glamests
8

—— Regr.

o 20 40 60 80 100 120

Ul 5y e Jlil P uisly slesly
9 03w (S5l 3b (Sw,L goald dwglio —A JSUS

izt polie 4 dsgr b aS wiad o LS puizmen b wyy oyl
Sy alsye gm0k b 53 ol 5 glis) M calols
oo b g sae S colys a8 sl sty (5B 2oy

ol 0l Jras BB o) co

ol 2 SHL gleedly gilujl sl & cl msg 4 p3Y
olidlgr gloodls Jgese (gLl gy i lul ) (Geos
o9bre Spllunl aodly (ke dmodly 5y (ke (s
a4 298 b (o 0bygp0 gbne (SlalSin] (slaodly il
Josliil b (Siwsen gy gbxe bli 5l 038 jee Las
s () g hold (S (bg) (s SVolee I (slas gone
3 yg5e oy p Sl aS) €85 )3 Dbyl 390 bl
ol g Alols uSe (JBg) 93 & (el s dlie (pl alog>
G e 4 B gy g Jgere slagbyy oanle plyis &

b daglio on b i ol 5 5l ool

S5 i =¥
Bl Sk sloodly (gilwil g (eSS beos cdiged (sl
@ ang b bodld yesd (sl Cawl odel ) iS50 ) e Ca )
(SposkS V0 odge SO bbbl Loll o Jue (6458
On 3l Y JS8) Bul pasede Gilol e (glaelSin]
polzo 0310 b (slaoliw! wdgaze 315 ;0 43 )S j1,8 slmolSiww!
Dgd 03) (pesd Lb a4y oKl ooy &S Sloj 4o
5 w55 (lp oolatwl 350 o] Dliar DS dwbre 1) Jde
Or sl cglate o] 0 LY Gl Wle e ey (g5lujl
SolSiu] (g 50glS 1O+ 0dgazme 1> ol et (slaolKiu!
5 039 polmo 031> (glyld Ja 3y50 yloj 3 A4S Jde 43 eolaiwl )50
ol eW) OMB] 3laeyas o alols B! slhe ,08 pgese
6B Jo 3l odlaiwl b L g S Sloel cn] Jlade o yieS

= Station
[] Bufter
[] Hozen

100000 0

S 4 Ca 5 o] (g phoghs Y O+ 58 -V S
5,5k sodl> (g5l

100000 200000 Keometers

YFAR g ) 8,5l epmiiond Jus o)1 O alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
58 @ fv



S b (Shad Gupd Opd il BB pl do 355 00
Copie 5 55 o 02l 252y e gl A3 dals S35
Gupd Olusd (i &5 W30 ol glis) 5 alol (6
polde il b g odgs A oS MBI ) o] 50 (Siued
) s salgd awlS  Suwed Copd st b M

(M

OLi (7 Jgiz) 58 slo Slos oS 5 il gl g, dnslie
s MBE s Juo 5,Slos il g0 yodlie OOMS] o5 sad 0
Mos 5 039 %V jieS wuSy cilizee slabgy ;0 MAE
Oexed ey p cpl b BB agdyy e 1) G olyie
350 sBolSinl Sl b cov B IS Jae o Wy ol
90 1 oalatwl Ciyguo pd 4y jelas c0dgs Waodld (g5luil (gly ool
Oy oS! ¥l eolaiel g 0 5 B eSSl
OSee Bgy oyl a5 N ga el Cans e oy yieS g D

{F Jo2) 35 5 S5 bl 5 ol

S ole by 9 dlolbeSe gy il Jre o dwlie
059) 90 P & Cud ) (65350 @l (3B Jde &5 a3 e LS
oS (6l ol O L F & 5l a8 Sloj pogasy fad e &)

(¥ Jods) 295 oolizul ( S5)L slaosls g5kl b g

Distance=44.2

Height = 319

% 9 o2 Jille )3 (551 (ilB (555 51,8 Bypdi -4 JSUS
Ll (35 9 oS 5

i) OS] oS &, Ul oSl (s Jlo ol
FEIY Cop oSyl b ol dlol o jto I cog ol ) o
Sl bg (Ve JS5) Wl oo oty +/EVD 55 dae il s yioghS
FEY dpphe oy oSl b o] glis)) M) o8 SLLS olStuy]
Cavds +IYF 35 330wl yaglS W/ ] alols WS g yie
Gilosb sl odliwl dyge culps len 55 el oyl a5 W e
Jed om0 VY S 50 idb e ayancuy o] slaools
5 Jb 08 it Uiy s e il eSS ol
bl odd asuie Cuy dbluwl olSiw) (gl dbgiye Cops
cliso lolSiw] ool Suwwod Clpdd 0550 )y
b oS b oS A5 Lasude edd @) B Jie 5 wlitlen
S5 S &y (Stamod o o bolSius] alold o glas )| SMS

Coefficient = 0.625

e

r

w

-

@

-~

«

|

«©

|

=

)

Ix]

o

TTRATTRITTST
|

I =

TP

R o e A

=)

1000 I

025 1

G Jde (2905 duwlue 9 cuS 55 bgod o3l D50 (piled — Y ¢ JSUS

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)
57 @ fA



Coefficient

Distance
CT ot # 93 (2}

Coefficient

Distance

C3 5 23 (C)

Coefficient

Distance
CZ ¥ 3 g {B)

Coefficient

Distance

C4 o 7 s (e

EW, g dlold 5518 Cugas ailgi o ool 0395 g9 gebanw — VY IS

Cov il Jae (295 & Ab asuie (3B Jde lS (w)p b
Pb cos juin g 038 36 laySles S5 gy b
e T
oacie gyl BMB] g Aol (5l Jb 9> o odel g
P SEL grodls o (Ntused o pd Sl 29y & 2950
olStg) alols 5 glisy) ot b colito Ciliee cloolSitu]

(¥ Jgia) 2ok e

0dgy yid el wlyss oS bl )0 &S Cunl muse @ pjY
G b b e g ol okl Jlas bl sl
Cy g 835 e 3blis jl judn Cilye 4 (ke 5 Alols S
5] ¥ ) aSile; oyt oSl > Ao pshas kil e il
(S 9 8> (pjyud) odd odlatul (Gilujl 5 (eSS Sl
5 ok L) zuls (Lol Cowds olSias] ¥ b oK) oyl y> Syl

Sle (g, 9 ol Se Jig, b (556 Je U5 dulio Y Jouo

e Sl il 350 slgalSiy 3 o s Ls
- ) . - . ol 3590 (Sl slas | sl jas L
oSbe Lt S sl Slas S5 by, s 5osb 5 a5 sl \Slas
Cy C; C, C,
4.0808 -5.36612 -1.47616 -1.49475 -1.46135 -1.47173 JEil D MBE
11.98 13.92 7.014 7.00 7.024 7.014 - MAE
4.6688 -3.8881 -0.65586 -0.64137 -0.64329 -0.62631 Sl ¥ MBE
12.74 14.53 7.40 7.39 7.41 7.41 N MAE
5.2898 -4.0091 -0.86815 -0.86815 -0.87097 -0.84469 il ¥ MBE
10.73 13.97 7.35 7.35 7.36 7.37 - MAE
5.0389 -6.7477 -6.9735 -6.9735 -6.96011 -6.9592 Sl ¥ MBE
10.27 12.52 10.042 10.042 10.041 10.043 - MAE

YFAR Jlog ) 5Ll e Sl o) 2! o alie Coligions
Volume 6, No. 1, Spring 2010 (IR-WRR)

56 © ¥



5550 ol 53 (pilo (g 9 Aol e (Wig; U (55 Joo gl duylio -0 Jgu>

‘ 38 Jae 390 Sl dlass o
- oS gy " Z — sl sl yasls
ol Ak 3B sy Slas oS5 b, 9 (a5 sy oo \g
C, C; G, C odl> (¢5lwjl
6.3235 50925 | -0.89145 | -0.89814 | -0.90043 -0.90100 ) MBE
oKl ¥
15.25 16.42 7.30 7.29 7.32 7.32 MAE

7- Fuzzy Implication

8- Aggregation

9- Degree of Fulfillment

10- Mamdani

11- Algebraic Sum((also known as the Probabilistic)
12- Defuzzification

13- Crisp

14- Centroid

15- Bisector

x>l -5
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1- Train

2- Ruher

3- Cross Validation

4- Mean Bias Error

5- Mean Absolute Error
6- Fuzzy Inference
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