u_]a.:NL;}'_i)A_AUﬂjt_:'ﬁ};vf

WAY Sl 0 ol 0 oLy (e L

# Ol Ol Ol g NEEH N (ol (,.:_Bl 55 S ! s 4 Py

[ 1 N U S PP L2 Bl S I3 gl 3 g e
Ol (Ol 0l ol8ils (S8 85 g bl pn 21 bl )IS (6 g il 1 Sl el gl

o] 5 & oK Sls (S b ) A e Lk I i 5L >

WA-VEe Law AVAV/F/YY 150 WA/ s

oS>

anlllas Cl L Ol st d S 53 U1l 6558 S5 @ a5 b s ol il a5 i S0
Lol 5528 (ol mlin o i 53 age S Ll pn ol mie cnl ) i Sl sl BB 5 B0 b (S
o Sleslinad U 588 e 55 (200 Gl 5 alad sl S5 B s 8 206 15l Gai 55 sk o il
S e gy 538 S 528 Sy ol VY wlale 556 Sl cnl a3 8 13 Lo sy se SSsasla
o A3 S 2l l 5538 il n olasle 5 OAATY 1 0) Wl Yo (53lT 0555 5 L3 iy 55 s
25S i s dlale 2L sla Ss Ssaole o Sleslinal b Colg 02 5 A3 sl ole o B0l d S5
g sl Sl an o e OF 51 S sal cy @38 5 bl e Ssels R I o
Ve Sl e Jl Seipanle 4 ob an tdaes Jlo )55 (9oL 5 Sl 51 508 e 5o 5L AV 050 (6 kS
ins e il Ly 58S b g 5 b Jladt ) bl sl 4 Gblu 25y s Slale slaiol ks Ay
sl maar 5 B d ot (1B 00 (S DA L 5 5508 b el Ghle o il (ol s Sosesls Sl
I Gl et S S sES a 5 S Bt s GBLe 53 ok p e Spasla sl s 05 s
BUE iy 3 Gk ol Spels adlpe e S1im ¢35 0l o8 ol 0L b mman 13 bl 1l 4 o
ok Gl Sbe g 535 Oles il sdalin LB Sl L1616 5k 21051 o5 los esr Jolsw 4 55iS
AL sl J=lol Sl s Sl adlpe Slde S g 35 Oy 5 Ole Ll B sl bl 5 pss S sesle )
AL e Ol

(S et (S sla e lS B L g dST glae 3l

WSS Sl 5 5 g8 S g s are s sdes 5l | andio
Sl o3y T e S 5 S clems st 5 bl o b g B Ol e s
SLas ey et s 4 (A AYAG 5 sl) Slaimes o e glsn 5 Ol Lol sla S5
=Y ol ol s - plds s 0 el S g o g Ol S a5 S

E-mail: Moghbel@ut.ac.ir g s iy ¥



\vay }_u.b_ ¥ ooyl 0N g,dl:"l e Jl uuh._au LS}!)“"UJ{ K] L_..élj\, daa

gl b Sl edd 65 roes 5 0 435 6 &
FSop s Olge 455 0 amia wals (S5
AVl Ol s sdias OLi Jol K sesls wals 05 5
p3> Ssgosls by S5 Sl 5s b e 5L
Sl o Al s AVl Ol Ol puss skas OLES
S addlae gl e Jlpl STsasla el
5 el a5 4ok A Al e SVl 2L
Sl e Ol 1y ol i disee sl S5 s
O£160 A8 O 5 Llie )

55 O w55 03 58 Slallas 0SS
S cidie Gble 5L gl Shy o g
oLl Ll 5l (galuns a5 55 48 Conl ab oL
338 oo

o adlles £ (V4A) Lo s 0L an 5 Lt S
s Sl eslid U st SV s ol shoas
e e 4 A0l DL 5 sy S el
Gblos 5l i 5508 o8 Gble 5o Jul Ssasla
(0449) O ,LKan 5 8 5alS il e 0T 3,5
o sleslaal Ly aaS 5 s ool gl S
Aol Cs amD opl 4 0350l andllas S ls
Sl s 53 LacKa pala dsss o i &S
el o3ls e s ol sl Jorl e
S s wels axlllae 4 (Y00 Q) O 5 o5
L s LG ol 53 (oL slams i 5 (s am
oLt Ll b aslasls b Lo 5l eslinad
mans sl et a0 i 5 oS ool el
oS (Wl Yoo00) lans diw b (Al Vo=Y4)
oVl 5 ad gla Sl bl Loy Ve
ol sladisy asdllae 4 (VoY) s LAL .Gk
wtls ;o pd 55 WS Sl el sk 4
3sm olal 0553 53 il 5l oS Sl esls LIS

93 53 OlsS e 1y o b 55 (VAVV=Y0un) aallles

- et Ll e 5 b JlSes Ll
Gl ST Y O s Kl AT
o ool Gles s S s e ol sl s
Sla S alllan (0Bl e o 5l et Ol
J=do e s GBS lalad g0 0 0L
5l 035y 305 L5 ol sms S pske Ol
ot s b 2 b e e pl LS,
et Sl g LAY ATYAOC ey de) Al
=il DLl Al e s GbLe o35k LS5
ador Sl psde aes 5o |y G s
Aoled gl OF wlie slags el 5 s3slS
oo sheslaal (oL o) axllae slael, 5l S
Sl Jolos 2l s ol JESTPS P WE
S S 03 Sy et b bl (e Juls
oS 5 g olE S S ol S
Sy ble Ll o Sgasls flo 55 o &)
Al e S 3 el )
Gl ize 53 el Jalse Ll Ll Lasete
WYL 5 Slale ik e L 51 ook & bos e
o S oas 5 gd= aela YE gla 5L
g ik gl S s Ole 53 b
idise Glacisesle 00 Slosss oo ot
sl gl Sseols Jde 5,8 51 G Lol
bl gl Qa3 bl e cailale 0L
22 ol palie w8 S Sy F el s
5 EVX A ODSas 5 1515)) A2l e S e
Slas gozes 5 Sl (6 w32 53 Ll dS Ay,
odd o sbaesls Sl 5SS bl b baad 5
Ol e (VO 00 an 5 (sames) ol ol
@l o3 Sl n alllas gl Sl Jos (S0

1 . .
-Harmonic Analysis.



\Aal

Ol 53 b by 5 plas sleS 5y anlllas

Lol b ol sy 0L 58 50 s JLas adane
Yoo sbie b 50k (oldd w558 oS Sl esls OLLS
m o paeie adlie 5,0 55 S palie 5 oS
055 Sy yeets (T409) DL 5 551550 55
s 525 g Gk s sla Sl VL
Ol Ll (S b 4 il esls 13 oy 3550
JeB 5oL alssl O 55 a8 Las LS a8 Wlesls
S e 0wl b Al e el
s (T+08) Olan 5 K8 )il e Lo
o dled ULy adlats s 0L gl o
Al Ve 580 s o aw Lgl sl asls
o osls il |y aciie ol 55 Lok (8 ek S
Gl o aalllas s (Yo 0L, an 5 o szl
S L 0L o ol SYLw 0555 gy oS
o=l aosls GLES 5 ol atls p S ge s s
0 o o Jol Sl 50 g 6y oS
(Vo)) OS5 Sl il oo e 5
o 5o sy ol plad s Sl g ad kS
sl o3ls 13 adllas 35 1 i slaltss,
0353 b 3 il Ay aS Ceul esls 0L Ll
3ol 5 el o3y o alS a5, 50 (5L
el A e o v el S
O 5 sl ol o Jrals S Ca
basS s s ol s wbld s (T01)
5 aals 45 Wlesls OLES LT .lesls Ll 3 andlae 3 50
Slets Ws a8 5 s b AVl 00 Ol ks
J—loe 5 kb 5 sl o bl b
50 g e Ll ke S (S S 5 58

Ailes gos (pend &S 5 ile GbLe sl 1y G204
e opie s g3tiaze Slallan 55 01l o
L s aS cnl 4B S oo S0l gl S

JP&@)Q‘L&QTJ‘MW

LAWY 5l eSS sb o 5,8 (sl s oy
sdallie —2)L glaesls 5 —asie Ly, VAV
ialS U, S Yo LAY Sl a0 S
S0 = el 3l Jaled 1y 3 A0k 5o S
L by Sl looss 681 (Ver8) 0K
S Al QLS 5 5 sad andllas sl VLI s
Slelu s wliesy Bl Jal Kogayla anls Wl
Ly olie op i ol g Ol 3 5 oo 4l
RS R (Yor0) Oaa 5 I sl .l ls
Loes s ol bS5 Sl o551 s
5 Sy Ul S pegls o 51 eslizad
S5l glaeyss gl i (Vo0 0L
O = o b L)l ps s gl sla il
- o ol Ll =l losls 13 anlllas 3,50 4228
O a5 gyl 5o Osb e sladlins a5 s
ol os55 L aglie 53 (528 Sl 51 axadS
(Yo o) SV 5K Uilesse a5 5 1901 =T e
S 3 eslial Ly ey s il ol addlas o
Syt ol 03l OLES sl Kgmyla s
aday 53 s s ok elad s s AVl Ol
s psadag p3 s g apae 535 4 SIS Ul
UL 5 505 5T 5l el ey ailae 31 S 5 55
2 sd el gy 3 STl (Y0A)
o313 OLES 5 osls Sl 8 aadllas 5500 1y &l e 3,5
ool 3 sl mie adbae 3 La 3L codd 45 Kl
s (T A) O 5 sl (sl Lal g 2als
Shestazal b 2l Sl o olad sla S5 ) n
A0S Wlosls OLE 5 4l Dbgy 53 Siisnsla b
el o3 S s Ssele A Ol
L5 s 5 65 2 oo 5o sl SSsasls
s & (Y+49) Ol 5 sliel il a3y 253

0 Lae glaadlse o Sy sleslanad b 5L



\vay }_u.b_ ¥ ooyl 0N g,dl:"l e Jl u"‘h._au 6}1)“"U}f K] L_Jlj\, daa

'y

3l B AS ) 3l e 530S e 53 AL &S
Obdgams ol o35 Sla 55 0 2alS Wy, 5 0a
el s Ol L ol ey 4 (VYA
L5 Ol o ool S &5 das e 0L (55 gl
il s 0l Lol sl aesls a5l 45 (g1 03100
5 Sty Ly by ool il iy ol
5 a8 ls (Sals dntes glaglole (5
SOk elad i 5 g a4 (VYA OLes
AS ol o3l 0L T gl Llastls y Ol ) a3
S e S S o o ) ol e
A3l o S S

5 b cleSns andlas Sl G 5l s
el Bl 528 sl labe a0k Sl
Ol by o Sl 5 ol g bl cpl S,
Cgr > el 5 G las el Ol
sl Jos 528 ol ey e

sy, 9 3050 -

loesls Ol o3 5L gla S andlas sl o
5o plead 581 S g laolSaas] wlale 550
23S pelizlon Olasle 51 Al Yo golel 0,53 S
Sy Mo 4 Csl s 5w oY s S o
osdle oKl (g3lns S B, s Lokl iy
b e a5 Lkl ST glaelSal
DLl 58 a3 Laolany] SWS1, (55l
ool iU dlu Yo Ll fomamme 53 3 S
3,50 VAA=Y 00 bl oy ss b St e oS!
i i LS i S S e 5 s
S ST (Sl s 5 0k Amiles olo a5
Ssgals Jodosd 5158 w5 0L L,
e Sipele it S s b 4 s S el

'_Co-Kriging.
2-Kriging.

Sl S 5 Sl e (T4 s
Lo slass o gladl s ool Aok gla
soals 13 asdlas 550 S pesla Jdo Sl ealind
35 0 Jsl Sl ik S o sl 0L
el i L S pesls 05 51 bl
5 U s s (YY) OLKen 5 by
o3liial b Obrs gy andd ad o 53 3 5 Ok o
oS A esls QLS 5 atls y Siseyla s
G sl s s ol aslale gl o
allas 4 (OTAD) OLKen 5 Ll s jinss
Ol s sl sl s S ol s sla S
S adle sl o5 0l o3ls 0L 5 1 axstls
Sl i b S 5S0le ol VL 2L Sila
5 eSSV 3L 5Sike & ladle sl )
Ao sols il e S ol S S0k
o VL e il S0l Slsl e Sz
0L gamms il (Sl 5l S gl 2k S b
Ol 52 ool bl i (ST, addllas 45 (1YAT)
DL 5 sy el Oyss Lol oo 51 sslizal L
ol 3y il el e Ol 53 oS sl 03l
S el 3 gla LS Ol Ok 55 o e
AL 5l s Ol b 15 0L sla et
Sl oS5 05 axd; Ol oy 5 el e
3 Sl Ol 53 O 3004 St Cld &S
e 5 0Ll 50 5 el (e g plonil e
o S8 e ol Dl e &S el Old >
ool sl s plelid 4 (WYAE) OLs jae S
ools 0L 5 axstls (6l ad s o s, Ol
(3 ol L 5 e Ol 53 oS
Lea plabid U 6l s ol - Sl
a0 o 6 eds (VTA0) OLSes 5 (o Ss

e:\:b\_.i.?}o:l:)b_'é J‘“J’.’J.)j’a \)Ulﬂ‘j.‘.;-‘ LELA



Ol 53 b by 5 plas sleS 5y anlllas

B
D, = arctan[q—k] 1V
k

5 Gk Sl Sl a Sl 6 8 Ol
10 5a2) 355 oo drnlons
T, = (220, ):n dpes
sl Sipoola ol sman S il mb 5 a0 Y
e 3 s sl G L 1) (90,0 AVl
o 2o ek G s dasisale L b
o Dl i 293 S pesla izmen s s Soled
S 3 a1 (alel) S
wale b ol 5o 1) i Sl g S gl
(£ Y A OLKen 5 1315) das s iules load
SEgsle p S g iy Ol -V dgdr

-
'})0,2'2,3,3,
_a':a\q‘_}ftjjaﬁﬂ\;s

2 == RN - fal
\qui“%’%‘xxe?ee“ﬁ

G slaasly -
Jdos a8 s ol Sl s o
NECINR ) i B VP P RT-JYR SICL R E W
Sopola Jdo 3518 ) n 205 S s
SLas S 5o S 5 BBl sl ¢ 585
i lale sLaesls 53 Vpeme das o Jiuled 1y
e Joe o Lel 5,8 o 15 eslinal 5 g0 S5 pe ol
S i Cmatl 53,8 5 Bilas ad sl K gnsla
s LS 3 st ey Sl e o
e 3 Al anlllan 35 50 Slaolansl wlale 2L
LS sl casls (S geola Ll s Sl eslial L
Sl Sl Sl hlols Ao s bl
2 e BT gl e Lol oles

Il Siposla an gl Oln 51 a8 03 S 515 o
Gl e Sy ol s mia el Wb w
N 4 glailon AB S )13 s 390 Jona
Sl Syl ko 3,)LS 51 G s oLl
el S8 5 il s cilale 3oL ol
sbie s sla S F e s bl
gasbale ol (gl il oo 530S mhaw 5o 050
s Sl Jde rlasl sy sl S
By e 5 O 50
\akad,

Ft=F+Xi, [Ak ms% kt +

By b’i’fL% .FLL]

s ok S pesls ol Bis Ay oS
= Aol 3 Oyse 4 el el (k=) YL
TP

1 w12 £ 360 .
Ay =- =1 [ cos kE.ﬁzt) 1Y dse

_l 17 . [EB0 . .

B, = Y, f sin Ikgkt) ¥ g
J:.ll_&ur‘taLd‘)J\)MLﬁLAdL)LwlSJﬁ)\.LEthﬂﬂs
.JAJL;a
RV PG PSS 1 B L VNPE G PO PNPLA

C, =+ A2 4+ BZ : ¢ skl

= WAap I 2

S el 5 s 4 Speols e Ll

:)j.u:
C.Z
Vk =?klo 42.3‘)

Vie/Z5Vi 1

o oy sl Sl ek S el 5 a5



\vay j:.n.l._\ A GJLM: 0\ ‘,dl:-l e Jl s"‘h,’u LS}!)“UJ'.'J L_J‘j\, d:u

\\x3

az
Oz +
-,
::i:‘ oI ¢
ooz +
R 1 f
L T s 4 5 7@ = 1 11 12

]
lylm
ST p A o) Slale JE)b d IS 5 S

bk
0.1 -
a,
ME-|I I I
ol AR S _I_|_| 1
i 2 3 4 % & " E 9 0 iz L2

Lgals
Jean sl oKasl Glale a5l o GuilS 3 -Y IS
il
o2 7
- 015
1 LA
= h
el L - 0 m.
1 R 5 E 5 L] T B 2 p L Ll 13
Splis

A1) ] ol Bl g 1S S

dol Kigasla -
o Jal Sl gesla 6, Ll NS &S & ,Slan
b b aglin 3 s aals S L1 (6550 YL
alad s g 3550 el S 3 s S 5l
(PVRI) Jsl S sosle bty oo ys das
sl b ISs s addllas 550 laolKanl oles
e odaline S s oS ghailes Lol 0l 0l
3o B s Sl plagts 53 PVRI 5
s by ale (p il 5508 ot
350 slael&al Olis 3 PVRI e o 2ty
Y704 e Ly sl oot oSl 4 by o anlllae
3 Jmd 3 aS WEL e gladlaie 5 Gdate (Ao s

oL e A e Sl ) SOl Sl S
O S A8 Sl e s il s Jes)l
Sla g e amy p i 5 £33 (Il Sisa e
Sl sa dimsn Linlad ciys S Ol asli
aw aslale 2L a5 L 54 5 YYD
I3l ol elel s o bl 1 (3 g5 ol
Jsl Sspesla 0l b £~ oas) 3 clajls yad
Jen sl o) s s3 AY/04 bl deos b
A3 OYVE Lills Ao ss bp sy S pesla Ol
Aoy L g Sgsla Ol Sl oSl 3 5
3058 e 53 (S i 5l o s AAY Ll

At 13555 2 Slo s Coeal

o 43 b g2y i B gl S g5 ks — Y g

sLf r):-

Ak Bk Ck Vk PVRk CPVRk ok Tk
v/+704 AN LYELV.¥E AR 7N qY/04 qy/04 £V/Y AVal)
—efenge Y A1 DN YA AY/AV £Y/0Y A\
DYRRL-L —+/rY EARY DEREA Vv 44/ve —oY/TY =\/VE
V/eave — YA | eeava | e aY 44/4¢ Yo/ | e
/ey SNy VA S W 2R R Veo/on YV/Vo QY
VNN 4 e ey R e Voajon e Ve

Juosl ool 4 b gy o ot U J gl S gsla ks ¥ gt

Ak Bk Ck Vk PVRk | CPVRk Dk Tk
LS ATV | e | At | Yy ve/8v WY Y/YA
/XY | aegra [ oeegse [ovean oY/VE AT AV/\E YA
VRS 1 EVRRYS B Y PRY- T RYAR R LY A AN/AY 04/Y1 V/AA
By IR A ERVEL RV RYEY-YN /Yo 4Y/1¢ v/TY YE
EVIE VAR S VAR RN IRVAR VA4 ¥/va q0/4Y —AO/N | =Y/AE
—+ /Y e ATy | ey 80V Ver/es e e

Al ool 4y b gy o o 6 gl S gyl ko —£ g0

Ak Bk Ck Vk PVRk | CPVRk ok Tk
Crre GOV | v | ey | oot oY/0t /e Y/
ERVRAE U IERVZE VX U IRVEY-L R U IRRVZPR | I £-Y2X VA/oY —vi/e0 | -v/ra
VZR ST VIS TR RN IRVAS 25 T BVIRRY AAY AV/£0 —vA/eN | =AY
ALY VZEA A N BRVART B IRVARRN | ¥/ 41/ oV JYY
AT GONY | ey | e AAY 44/4A i8/0 V/AA
S | e XA IRVIRRN ey Veo/on e e




\vo

Ol oo Sk Sl 5 2l sleS s adllae

g
- =

(PVRI)JJ‘ s.i_é}d)u d"';\ij‘-’ MJA—iJ“

- -

i

(TK1)J ! LS,.S}UUA uj‘,n;SI.x:- C‘,s‘, :)Lﬂ}—ng-:

£33 S geyla -
))‘\SJ}_&Sckm).} rj.) &.:.’j.ﬁ)l.ﬁ L}'lm 6}{."
J:Jl_? aS M)L;a QL.L; Sl ol 03l u':“'.’.l""’ h\ Jg..;
B g 5,8 JL«J)J?UM £33 ggc.':}a)ba
340 LSLAo&M.ﬂ dtc.ﬁ BE “'\":"LLS" CA:»A‘ jt}- )}J:S
b 55 e SEsle 6 i el
SNV 5 (Ao )3 OY/VE) sl el 4
ali'.‘_w.i\ aS .L..Z\.a& (.L.,a).) Y‘Y‘/‘W) 4.:.,0}‘)‘ 9 (.L\o).)
5 G5 dlad 5 655 0 o 2,8 Gble sl sl
S PVRI L aeslie 53 PVR2 slie Ol 3,0

£52 Sosesls auls a5 Gble js aas o il

e 3B Lo o8 Slasl 5y LS L JLe
i Sl o Sl da 38 e 13 15 0L sl
) dete s bl Slased 4 by o PVRI slis
SlAil e (o A0 /Y 5 AT A olie b s 5
by e (o3)0) PVRI Jlide oy S S5 G b
el (g ot 45 Al e 508 o2 et
ol 3L e Jslaze Bites adlate (55 5L oo
oS Sl el 03 sl S pesle el g
COVON [ IR P RS R UG PR W
AW g 585 0l 0 S ASl el Jlos 5 5 50L5
s e 0L |y wlale 3L sl S el ad) 5
Ssposla 5 20 gla oL bdes (K2 pl ol
sl 5 Gaolws Tl olo 3T Jaulgl 51 sl
) s e g8 (Gole JilsD) ele (s 3
23 osS ot s o s (WS a5 ) s
S ol g iy Al sl 2 5 sl laele
Jds e b iol opl &S men sl S pesle il s
Sl s Al e adlane ol LA Cad e
Oles mldlmr 2,0 005 Y Jids & o allas
Sl Sl 2 Gt Bld o ¢
O35 (23 5 adlaie O35 Glen S pa O 0 S
= oo aSKe sl il Ole s VU Ll s
o Jol S pla i 53 LS e sl fad
ol s (SO Jul S gasls add e 5 2 gl

Al e Dl 1y s Slus aolie 50l sla



WAY 5ol F syled 0) ol (YE Dl 34l L3l ja aloee
Pt ) (A4 CalCB SLaF SR 4P el a6

1

(EAR Wi
(PVRZ) r‘pé s.ié}d)u d,«;\i)b M)b —.\JQ

r—y —

e

(TK2) po° Sy ad go SSla> C}s‘p Ol -V s

1

pow SS e —
£l 48 e Sigosle plab oS bl
Sgoila (A JK5) das o 0L 1y 5L asla
NS St s 5 S e e 3l i o
N N R ST RT-JC - WRGIOV
L Ol g oKl 5 Ao s AAY Jliie L gl ol
s34 L PVR3 5 VL islie oy TAY s
LS G slaelKangl s esdle lesls olams]
5 Olgiol Olian (ritiw oliile S clasKa!
Fm pom Sl 015 Sos BSl 50 0sem
A S BLE il Caal il o ol
s 4 il o 5l p s SSsaole 015 (S
Sl Sk o Sigesls llpn S 5555 O
5 2l sla il 45 dias e 0L (4 JS)

slaadso miy 30 godias OLL (ol a5 LB
53 S pskilan il o S5 S plde b s
53 ool sla ol p sy Al S5 dsl Ssels
S e pl gl Laadse s 4 o alled
patte Sl ol 53 oS (6 S0 Gl il
5 oL el ol Oty Jold s
Sl Js 55 Gt 3 i 5
Glanlol S sl sy oS Josb cla il
3 0ks 6L b slme o5 50 S Juad O g 52
s Smgb s 05 Y sl S el )6
Yo o cdelws b (B WL s Cosby 055 o
S 2l ) e BB AL Llg e 05 ol e
ool Yo pLilar (50 b 55 Jolsm 02
52 ool Y e by 5 VL g Lyl Doy
it e s L e )l s Il ol
ods S 53 a8 jhilen 5 o5l s 5lS sla
o S e g pl s s Sosels 555 0
o bl ol L (Saly 5l 0l oS el i
Sodns 0k 3 oen 420l pagee 35
A g 535 0lag )by e Olten b s L
VS s aS Olale Sl pss Soipels 4l
a8 das e 0LE il s ools il
LS ol s et sl 5l o Sosasla Sl U
O3S e dled s s e s ele (38
Rl Ols 5 5ol 53 (oL pss Ssesls ad 4

.C,..wb‘.) b JJP.- J.:S‘J}



Ol oo Sk Sl 5 2l sleS s adllae

2y o odalin 5028 S s (B0 LSS s

a8 aals Gle 5l ollas oe (Il L

pnet oy

(CKD) gl K g yla aials —\ v JK5

S5 o -
andllas S 3 ghen s Il Ssasle o
Al e LS e 55 e la s iy LS,
by glebd Coanlw ax g Loy ke
S s 5 Sl S 53 5508 s o
b 3,8 330 Gl nl o ol b S5G85 4z n
s s 2bdd Gla Sns osSde iy, 5l eslinul
J=bos 5 ez 55 508 w3 Al 5L
ot e s Slale la il SIS 5 S IR
h LT o 5168 B S 513 ) 50 S sl
e L S5 s e Jol Sosele
Aon g 530S e 53 b AVl 0555 (6 kS
S ol lae ol ety OLES sel oy il
S el 8 bl s Bias J5l Ssasla
ool Dl Sl e s BB Aess 5S35
slail JSos ool 4 A8 e a5 | wlale
i Ll Bis 5528 51 bl ol s olale
el I s ol il e VL ke 55 5 e

Sd oy 5 o dled 5o Ll e Ssesls &S

U(J_.IS‘ J‘lbD ou)ﬁjeﬁija-b‘)‘ P &T‘;}A‘)Uﬁ

.La.b}:'h;c C)fej‘u(‘\.l)}e J‘lbD ole Lzl

K

(R k]
(PVR3) f"“ &:-;yJLb u,uﬂ.:)‘j M)b —/\JS&

- -

(TK3) ¢ o sS._J,«,L;;ﬁy i ¢ 55 a.t:;-ws.:
auals
G JUNVE S S| W P W1 =08 anls ( AS sk a
s DLt Laasals il 3 s e DL |y o
IOl s gmee 53 Ssesle a Gl 5 Ol i
als 5iS a3 Il Sosasls el s 4
S S 1 e 5 g 5 5e SSsesls
sl LS Al Sl Jl S sesle als 4
VoS ke s bl phe RS
el Sl cans e Ll 1y sl S gl aals oS
G 4 GRS sl Sogasle 55 a8 Al o las
ot Sl e i ol 53 0Vl s



\vay }:'lLl ¥ ooyl 0N ‘,dl:-l e Jl u"‘h,’u d}l)uuﬁ, L_Jl,q, dau

\YA

o 5 033 gl K gola SASTy Ken asii- V) K

23 dsl Sisasle o s Jnnsl s 5 e 4
S aols an il e Ve Sl G Ol sl b e
ol Sl 3 333 3 O ) G 51 3 s
0L H5i8 bl elas 5 Jal Ssesla 055 YL
Sk ebld s s YL Ole Ol ,oi5 48 das
s s 2,5 ol e Ol pl o
(A 33V 0) Jol SSsmsls Hlais o 2aS .l
St a8 il e 5508 O el 4y bsy e
A3l e Jsleze Btas adlate ol 3 L30L ole 4 olo
GbLis ol 53 il 5l 5 By i 3 e oyl
6o Sl 5l S S50 5 e Ll 5 50
02 035 b bl sl Sl
Sl Lls o (6 il Ol (oLl e
035 Sl sS dpn DA3 £ S cnlply ol (o5
Obg Joad VL o Ll 5 0o ol ades
S e sl e ol sy S sl
YL e p s Sogeols o 48 (s bl
J=l 5 0l s ol B it Jold Al
St Gl (Y O g s s
Slasbln 5 5yl 55y anle Lod sla ik
5 0kes Lo b ooslns 055 5 p 8 Juab O e 52

S A B g 03y Ll Sl S G
O JS28) ail e Gl ol 3 ik ol s
Ol 3 alale Gla ool (6l eds oS Lae (s
i Gl WV Ko s o5 528 51 bl
Wl s Al e 5 a5 b Al S
Ghloe 5o 1) b s G pdy et p g S sesla
S opES S el G s o O s
il il e a5 BB wale £ i Ll
Dy Ll 55 4y (’ﬂ O JSK8) das e
e pa b S5 0S 68 e Ghle 53 2L
Il Olse bl n salin LU U5l S o5l
o ol Soigesla el il olSanyl
Ol S o 5 p3> Sl U155 S5
Lol Ol 31 Ll Al o a5 LB p s S gl
o=l e el 5B e s 5 Jsl Slac el
e o)l a M S ailen sl e Sl s
J=B dos il s e ol el e le
g 5o Slabe oL (Ol i) Gbls Sl e s
So gy Oley k5l dish ped LSS5, 5508
S b 4 s alabe il S gele slaadl s
53 aslabe gl il aVLG 0555 ilS )5 andllas
iy e S 1S Ans o OLE 5528
o oS Bl i s ol sl Sepela
Sl LITU sl AUl slos ey ol
Slnpar Sl £335 0o pmomas el sdalis L5
J=lsl B 5l Bl 5l pss SSsesla 5l S0 350
Spesls adlge jldde S 585 Olej 5 Olg

A2l e Slens A6 5l Rl S p g



e

Ol 53 b by 5 plas sleS 5y anlllas

LSSy ez YA (ol gl s O3 snmn

el Jds Sas a Olel s ol el e

O osled cann g 5 Ll e aelilad asly Ol s
.V‘\—/V\UM

5y Lol VAL (2l s 05 pas

sl ety Jde B Ol ol s

XV sl oLl i sl ta sty ol
£V-08 o

O_":JL! f‘ﬁ ‘(Hﬂ/\/\) ‘M‘f‘ VY ‘Ql.lsjw
AY e)l»_.j: cu_w}.?} \_.:.9‘)» uu_w ‘Q‘J_i‘
VA=Y e

‘)l—n}'}ﬁ ‘(_;j_L ‘v_...:lé ‘éﬂ‘)& > ‘LSJ\_Q.‘».&
o sl s s dlale oLl S
osled amb Ll letasn o sl
Yvy-vo URP Vo
Sl s sl wls s ol gls ls
e (Shazee glaaly 4 oo Sy e,
Ol ol (Ll am 0Ll

IMmerzeel W. W., Quiroz R. A., De jong S.M.,
(2005), Understanding precipitation
patterns and land use interaction in Tibet
using harmonic analysis of SPOT VGT-S10
NDVI time series, International Journal of
Remote Sensing, vol26, No.l11,pp.2281-
2296.

Jianting, CHU, Jun, XIA, Chongyu, Xu, Lu,LI,
Zhonggen, Wang ,(2010), Spatial and
Temporal Variability of Daily Precipitation
in Haihe River Basin, 1958-2007, Journal

of Geographical Acisence, Vol 20, pp. 248-
260.
Kadioglu M., Ozturk N., Erdun H., Sen Z.,

(1999), On the precipitation climatology of
Turkey by Harmonic Analysis,

LQ_'.':B}YLJ_WJQA}E) .Jj_,.f:@ pr...z%).:
J_;LB U':Ub L‘fu_ﬁ céj.\.f& e‘ja.b Ybf Sdelus
e b s o Jele 0 XS Al B xS
Cosby s Vb s kil Do el 2 VL LA
A_Hy 4.)_-'~\ .JJ\) r}\.l; JL CLQ-:)J J::)L ‘YL'J"'“"
phsas o ul s pema syl sy
ﬂ@)b}b)‘ﬁ&yg)‘mdj‘;@y)u
S OLE S d Bl e o & Kny iSpe s
o ey 25,5 4 Bkl Ay 5 el

,ls

cl.:.a

3 S g Sl 5 ey OYAVDILS gl
58 i adlate s ol sl (Salys pe
80l o oLl i sla iassy asll
M=\ an

YAV e s osly 8 5 aakedl el (b LU
Dlml o2 Gk s 5 G St sl S
V=V e dosles A oyan (e asldiad

s (1 YAO)aobls osly s 5 ol (& s
aoldad 1) ot sla ans 2oL 6 i
AV=Ar oo 0N ol (o3l ax slelass

gy (OTAY) L ydeses (S 5 ol onslS
Ol =l el ol (pldd s 5
o sbomdt ip g 5 o Jlov (i Las dliliad
YV=ir jaw &F

ool gl ik =i @\93 QAN DAV SR
e > (Sl s iy asllab Ol
A-8) oo V0ol (b



\vay }_u.b_ ¥ ooyl 0N g,dl:"l e Jl uuh._au LS}!)“"UJ{ K] L_..élj\, daa

Saris, Faize, M.Hannah, David, J.Eatwood,
Warren, (2010), Spatial Variability of
Precipitation =~ Regimes over Turkey,
Hydrological Science Journal, Vol 55, pp.
234-249.

Sen Roy S., Robert C., Balling Jr, (2004),
Analysis of Diurnal Patterns in Winter
Precipitation across the Conterminous
United States, Monthly Weather Riview,
vol133, pp.707-711.

Stathis.D and Myronidis. D, (2009), Principal
Component Analysis of Precipitation in
Thessaly Region (Central Greece), Global
NEST Journal, voll1, No4, pp. 467-476.

Toby, R.Ault and Scott, St.George, (2010), The
Magnitude of Decadal and Multi-decadal
Variability in North American
Precipitation, Journal of Climate, Vol 23,
pp- 842-850.

International Journal of Climatology,
vol19,pp.1717-128.

Kristina I., Kirkyla, Sultan Hameed, (1989),
Harmonic analysis of seasonal cycle over
the United States: A comparison between
observations and a General Circulation
Model, Journal of Climate, vol2, pp.1463-
1475.

Li-Gang, Xu, Hong-Fei, Zhou, Chuan, Liang,
An-Qi, Wn ,(2009), Multi-time Scale
Variability of Precipitation in the Desert
Region of North China, Journal of

Hydraulic Engineering, Vol 40, pp. 1002-

1011.

Livada.l, Charalambous.G and Saaimakopoulos
M.N., (2008), Spatial and Temporal Study
of  Precipitation Characteristics  over
Greece, Theoretical and  Applied
Climatology, No.93, pp. 45-55.

Mourato.S, Moreira.M, Corte-Real.J, (2009),
Inter-annual Variability of Precipitation
Distribution Patterns in Southern Portugal,
International Journal of Climatology.

Nastos.P.T and Zerefos.C.S, (2009), Cyclic
Modes of the Intra-annual Variability of
Precipitation in Greece, Advances in
Geosciences, Vol25, pp. 45-50.

Nikolakis D.,(2007), A statistical study of
precipitation in Cyprus, Hellenic Journal of
Geosciences, vol. 43, pp.67-74.

Olkonomou. Ch, Flocas.H.A, Asimakopoulos.
D.N and Giannakopoulos.C, (2008), Future
Changes in the Occurrence of Extreme
Precipitation Events in Eastern
Mediterranean, Global NEST Journal,
vol10, No2, pp. 255-262.

Pauling. A and Peath.H, (2006), On the
Variability of Return Period of European
Winter Precipitation Extremes over the Last
Five Centuries, Climate of the past
discussions, No2, pp. 157-189.

Pashiardis,  Stelio, (2003), Trends of
Precipitation in Cyprus Rainfall Analysis
for Agricultural Planning, Meteorological
service, Nicosia, vol. 25, pp. 251-2609.

Roshani M., Ramezanipour M., Sotoudeh F.,
Ghomi Aveily J.,(2012), The analysis of
trend and cycle between rainfall and
discharge in Ghaleroudkhan basin, World
Applied Sciences Journal, vol6, ppp.244-
249.



sy ale

WBaAD (552000 9 LidI > elas

Geography and Environmental Planning Journal
24 Year, Vol. 51, No.3, Autumn 2013

ISSN (Online): 2252-0848

ISSN (Print): 2008-5354

http://uijs.ui.ac.ir/gep

Spatial and Temporal study of Precipitation Characteristics

over Iran

M. Moghbel, M. Davoudi, A. Neyestani, F. Taghavi
Received: November 17, 2011/ Accepted: June 9, 2012, 29-32 P

Extended Abstract

1- Introduction

Precipitation is a principal element of
the hydrological cycle, so that
understanding its behavior may be of
profound social and economic
significance. = The  detection  of
oscillations in precipitation time series
yields important information for the
understanding of climate. These
oscillations can be seen as a response
of the climate system either to external
forcing or feedback processes.

In addition, precipitation is a very
variable climatic element. It is highly
variable, both spatially and temporally
at different scales (interannual and
intra-annual). The search for cyclist in
the climatic record can resolve some of
the complexities of the atmospheric
system .Many authors analyzed the
precipitation patterns in several parts
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of Iran (e.g. Omidvar K., 2007, Babayi
fini A. and Farajzadeh M., 2002,
Kavousi A., Meshkani M.R., 2007
Masoudian A., 2005 ,Masoudian A.,
2009). Iran is located in world’s dry
belt, so studying the precipitation
characteristics and its periodicity of
different harmonics in order to
forecasting its behavior has significant
role on water resources management of
the country

The main objective of this study is
spatial and temporal analysis of inter-
annual variability of frequency of
monthly precipitation over Iran using
harmonic analysis.

2-Methodology

One of the most important features in
analyzing the climatology of any
region is to study the precipitation as
the most variable climatic element. In
addition, the abnormal variability and
uneven spatial-temporal distribution of
precipitation are often the direct
reasons for the extreme flood and
draught events. Harmonic analysis
represents the variations of a time
series in the form of sine functions.
The purpose of the applying of
harmonic analysis to the frequency
precipitation amounts, for each month,
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is to determine the characteristic
parameters of the variances of these
frequencies as well as the determining
the occurrence date of maximum
values of precipitation (Tx) over Iran.
To do so, long monthly precipitation
time series data from 33 well-scattered
synoptic stations are studied with basic
harmonic analysis in 25 years
statistical period (1980-2005). Herein,
the amplitude of frequencies, phase
angle and basic statistical parameters
are calculated in order to depict spatial
characteristics of  precipitation,
revealing the various climatologically
patterns of Iran in the form of contour
maps.

First, relative frequency of
precipitation for each month was
calculated and characteristics of
monthly precipitation over the whole
country were analyzed in form of six
harmonics. It is important to note that,
the first harmonic represents a single
annual cycle with the largest amplitude
in comparison to the other harmonics.
The second harmonic represents a
probable semi-annual variation, while
the third harmonic describes the
seasonal 4-month variations, in more
detail, and is also an indicator of the
inter-annual patterns of the examined
frequencies. Finally, the Ty values
indicate the displacement of the
maximum frequency along the time
axis.

3-Results and Discussion

The harmonic analysis showed that the
first three harmonics are the most
important ones for explanation of inter-
annual variability of precipitation over
the country. As mentioned before, the
first harmonic represents a single
annual cycle with the largest amplitude
in comparison to the other harmonics,
so that this harmonic revealed more
than 70 percent of monthly
precipitation variability in most of

regions except Northwest and
Southeast of the country. The highest
values of first harmonic PVR® are
related to Khoramabad (92.52%),
Babolsar (92.08%) and Mashhad
(90.20%) stations, respectively. Also,
the results showed that the highest
values of second harmonic variances
are related to Ardebil (53.74%), Tabriz
(48.66%) and Orumieh (33.97%)
stations, while the effect of third
harmonic in western, central and
southeast of the country, such as
Iranshahr (8.92%) and Tehran (6.92%)
stations is considerable. In addition, in
Kermanshah, Hamedan, Sanandaj,
Esfahan and Bojnord stations the third
harmonic has significant role. It is
concluded that the occurrence date of
maximum values of precipitation (Ty)
for the first harmonic varies from mid-
December to March over whole
country except in the southern coasts
of Caspian Sea. Ty for second
harmonic varies from the October to
March, while for the third harmonic it
varies from October to February. The
amplitude of the first harmonic which
shows the spatial distribution of the
size of particular types of seasonal
variations is more important in
western, eastern and central parts of
the country.

4-Conclusion

This paper has focused on the spatial
and temporal characteristics of
precipitation over Iran using harmonic
analysis. It is observed that only the
first and the second harmonics are
sufficient to explain more than 90% of
the climatologically variations in Iran.

It is important to note that the fourth,
fifth and sixth harmonics did not
represent  significant impact on
precipitation variability over whole
country. Also, it is concluded that the
occurrence date of maximum values of

1-Percentage of Variances
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precipitation (Ty) for the first harmonic
varies from mid-December to March
over whole country except in the
southern coasts of Caspian Sea.
Keywords: Precipitation, Frequency,
Harmonic analysis, Variability

References

Mmerzeel W. W., Quiroz R. A., De
jong S.M., (2005), Understanding
precipitation patterns and land use
interaction in Tibet using harmonic
analysis of SPOT VGT-S10 NDVI
time series, International Journal of
Remote Sensing, vol26,
No.11,pp.2281-2296.

Jianting, CHU, Jun, XIA, Chongyu,
Xu, LuLI, Zhonggen, Wang
,(2010), Spatial and Temporal
Variability of Daily Precipitation in
Haihe River Basin, 1958-2007,
Journal of Geographical Acisence,
Vol 20, pp. 248-260.

Kadioglu M., Ozturk N., Erdun H., Sen
Z., (1999), On the precipitation
climatology  of  Turkey by
Harmonic Analysis, International
Journal of Climatology,
vol19,pp.1717-128.

Kristina I., Kirkyla, Sultan Hameed,
(1989), Harmonic analysis of
seasonal cycle over the United
States: A comparison between
observations and a  General
Circulation Model, Journal of
Climate, vol2, pp.1463-1475.

Li-Gang, Xu, Hong-Fei, Zhou, Chuan,
Liang, An-Qi, Wn ,(2009), Multi-
time Scale Variability  of
Precipitation in the Desert Region
of North China, Journal of
Hydraulic Engineering, Vol 40, pp.
1002-1011.

Livada.l, Charalambous.G and
Saaimakopoulos M.N., (2008),
Spatial and Temporal Study of
Precipitation Characteristics over
Greece, Theoretical and Applied
Climatology, No.93, pp. 45-55.

Mourato.S, Moreira.M, Corte-Real.],
(2009), Inter-annual Variability of
Precipitation Distribution Patterns
in Southern Portugal, International
Journal of Climatology.

Nastos.P.T and Zerefos.C.S, (2009),
Cyclic Modes of the Intra-annual
Variability of Precipitation in
Greece, Advances in Geosciences,
Vol25, pp. 45-50.

Nikolakis D.,(2007), A statistical study
of  precipitation in  Cyprus,
Hellenic Journal of Geosciences,
vol. 43, pp.67-74.

Olkonomou. Ch, Flocas.H.A,
Asimakopoulos. D.N and
Giannakopoulos.C, (2008), Future
Changes in the Occurrence of
Extreme Precipitation Events in
Eastern Mediterranean, Global
NEST Journal, voll0, No2, pp.
255-262.

Pauling.A and Peath.H, (2006), On the
Variability of Return Period of
European Precipitation Extremes
over the Last Five Centuries,
Climate of the past discussions,
No2, pp. 157-189.

Pashiardis, Stelio, (2003), Trends of
Precipitation in Cyprus Rainfall
Analysis for Agricultural Planning,
Meteorological service, Nicosia,
vol. 25, pp. 251-269.

Roshani M., Ramezanipour M.,
Sotoudeh F., Ghomi Aveily
J.,(2012), The analysis of trend
and cycle between rainfall and
discharge in Ghaleroudkhan basin,
World Applied Sciences Journal,
vol6, ppp.244-249.

Saris, Faize, M.Hannah, David,
J.Eatwood, Warren, (2010), Spatial
Variability of Precipitation
Regimes over Turkey,
Hydrological Science Journal, Vol
55, pp. 234-249.

Sen Roy S., Robert C., Balling Jr,
(2004), Analysis of Diurnal
Patterns in Winter Precipitation



32 Geography and Environmental Planning, 24™ Year, Vol. 51, No. 3, Autumn 2013

across the Conterminous United
States, Monthly Weather Riview,
vol133, pp.707-711.

Stathis.D and Myronidis. D, (2009),
Principal Component Analysis of
Precipitation in Thessaly Region
(Central Greece), Global NEST
Journal, voll1, No4, pp. 467-476.

Toby, R.Ault and Scott, St.George,
(2010), The Magnitude of Decadal
and Multi-decadal Variability in
North  American  Precipitation,
Journal of Climate, Vol 23, pp.
842-850.



