-~

YyY Ve il g 5loe VY oyl /o235l9d Jlo jusul o) Ca e doliiimgsy

Sl s Balio 5 (55,9LLS gl oS>
35l 039 Cupde aoliingly

"‘:“%93—; M&O"
Olilo bl 6, Led aidi and 45 (g bl (e 9 (S bl Gl g, (w2

T srolr 0330 5T (53 S0 ' S gy Lyl

Sl (b e 5 (55,9l pole olStils ¢(5,9liS” pulidlgn 1)) (i) (ggomtils =)
(mehdi.nadi@gmail.com : Jggue sdiuwgs) (55l (b @l 5 (55,5l pale ol (ol wiige 09)5 Hbabuwl =¥
Sliwjs B9 <l lojle «g))glisS owlidlyn (¢8> =¥
QYY1 i pdy )b ANz byl fo,

YWY U VY o

FXVCS

@ arg b, O dw v 9 (S590g0d Oldllo 43 (63L5 Cuodl (wlindlgd o31d W3L sades 1> (Wb (ods
51 oaliw! ¢ y3yb (groaly 39y Bdlal Cudle Cuizrod g (yjwisle bl 45 el Hlof b cwliniled srolKiwy! lads
9 Wble (Fxi)l sbodls abgyd Gy )bl (wes SBgy b BT amalie § (oS Syt pidie 5 )bl Loy,
8397 b (owlindlgn oLl TV (10,1 (gloodls I afiodi (il )3 jgkiie oy by 0 Jlaids (G 9 po Ul (il 53 4V
cahiols (S iy K 55« snges it S Jobid (lara gy i 9 b o3likl (Vo0 £-¥+17) Alod¥ (5 o
Olaypo (080ke (bl 2 55 By (o)) b A lilo ;008 b amaw (b (31,5 9 Sz )5 (gaw 5 5 ¢!
Joe o2 Olgear ]y (2lod 9 59,5 S (31592 )1y Jlod (8 )S ool (g sS 5 Julod gyl slad (iS0le g Uad
90992 (3L 3,910 SS ( pladir 1,15 e (9 315 LS Uad (5l o s Sl s 2313 (Ll Lod pdd o (5100
Cad 1) 85k 058 Glad Conlyh &5 (B yx0 8 o LA s (g (r awlio gamsdw (s LIS )
5 9055 sWole ;3 o (oS B> ALl .add (AL w0 ;d Te—Le dgu g oo Voo U Yo v o (5)lol (o o9y
9 0Pl ralls aduld ) (S pile 1 (e (g B (2934 R, Led SRALE (ow )y Ml oo IR ()L
31 bl B a3 S5 32 U 93,15 3929 (2158 Jolgms 33 il (91 1 s oS (g 5bar a3 o0 QUi 1y il (931 0
0Pk e &5 Sl dagi 390 &S0 [l (G g (S AT I (0 bied Al Comd 4 428 b 39ad o0 Al (15 o
e (oS (5o yuiio jI eolitusl 3,5 SUSI gy ol @ S5 oliael ol S G5yt b gol5 ST o
oy 5t i (SR B3 g LB o3

(508 i ¢ lol e (S )5 (ygaw ) 5 ¢ 5l g MIST sl2jly

)y €090 (2bygy 390 > 393 LS (VF) U FURYN
(s232) Jgio O g lajhaws o o0l yia glgicds gl 5 sl g glbgES,Nl Job 3l
d‘)% <u.31$4o L;Lambb uglg.‘_”)b dh’uf’ﬁ) .3)5 M?

kg cuonl ] (Sl 385 4 4> b elBl (gladlyyy,
By glaodly (g4, 5l (ol dai 0 juaie S eSS &y (Saom 51 S0 el slhossdy 4 Cuns g 3y

S (V1) S Ba ggbre LB )3 edigSojll
(A) 88 0 l)8 d)blqﬁp)’ 5 &olol s 9o )3,515)91045
b oS cal 0)5 Ll ol 5l gl Sl Lol pe;
3B s g )l paiges bl I sdelcwnda cleMbl ;) ool
soateds ()bl (S )S(e3S I (g dcgecne &)l 4
ol ;bmd)bﬁdjw blg o ).‘a.v dy90 woam .))9‘)3
Sup 60k 2980 odlil ()] SLLI LI poles
P A ad e Cumd |y (Sjg s s puSejlul sladiges
() Caol oas 0aly L ¥ ojlass dloles
Z =Xy, (")

CooS Caodl b g Aj ( guesS yiel)b Z g8 dolee )

Wb ol diged polee jally Zy, g pll Wges 4 auy
w0950 > ()bl e alise sy by, ol (V)
Aol LSe35 by MM Sl polee blE Culys
bl il gloe LB 5 45 sl gl (8 o

OB Gk e mig () cl S xS e
5 Tl Gmobe (Nidore lede ) e
&b (Bolay Glpsd o8l jaie pl Ll oyl gyl
polie cppdemss o) 3 1y ol lgies 4 )l e
S50l gy s Sgpsbar () 05l Clusar 5>
dub&.«»ﬁl rbla'd.g ‘_sml;.\islyb uol& ‘_ghboli':uil pren ‘_')g.‘
Jepaial Jolse 5l )l D980 sl (Priwil
cud g Ei)l il poye g Jsb (S5 ny dle>
Sl eonlple s ()l S @mjg > St b
38 adllas S Canl p3Y (oo Jdou i Cuo den
gle Copde g ol Clllas 5l (gl 3 (1) 295 plos]
<l oMo 359l p Mo (o “_;?.:Ja)%ﬁ sl e
g Sk sleedl ey (ol laghialy g
Slojy Coenl ()ben aid) o) S @9 pogada
S8 41y b bgkas 5 bt sladits L(¥+) 1)

28 gl Glge (2bogs oy


mailto:mehdi.nadi@gmail.com

YWY

B9y ol Cutdge andl Al andly dg2g 053 (Ster
dl)) u)? pu.b‘.g b..\)‘.o.é‘.: wou &S cwl L)] (’)L..«m
2 Bl godly (Db oy, bl andly (obiygy
Jo O|9;.cdq Cowl atil ool eolatsl oke 9 Q\ﬁl
M) gl Sk ass glp (V) ohKen 5 )Y
Sz S g Jyere Ko )S @l Shom)S (hy) aw
2 SiomS gy wdly o a0 el 51,8
L (V0) ghlen 5 plote sl 103 slagsbyy I 53
03,8 Iy sl LWl (Sig CogmesS) by Sl edliial
Jles 5> (Lo o syb) 9o g ol g las)l o olas aba,
g By gm & WS Iy Cud mlE ol 4 4
Dy 33y gyl pxe alayly adlles dyg0 (eulil gla o
Sig oSy S ilede &S wmly by
wds\ LSLQ)M 2 &L(u)‘ ).:1 &S 4 odalie LE’L.Sl):b
(Vo) W 5 (030 sl cglae Lol Lloda
ELle 0 el laodly candiny iz gla s,
hdad st g (b e gy 9 Wdges dualie |y (5,5
Sble Sk sloosls (2biigyd o9y (rcalie plgise
b ol Sl b osl sl Gy crl 2 25 (Byme
5 5S) Cunl oAb 4B)S IS )3 A d )3 Ojp0 gl
P b g b lawgie aVle ol gy (V) o,
ol gy Jold osboye g 2pw 2l 5 Ol 4pl S
Ol g b5 )l (( Brd byl (f (bl
hogs Gty (dMee Voo oYV e ()lel 0)95 (gl
90 9 Jlesl «Sizm Sy (ol 5 Aol S S
ol il edelcwsndy wls olwl p oS wiis)S HIE wyy
adlas )90 (gaihate lp by awmlie 5 agh
slp cwipa dol uSe iy 9 Sm S slahy)
5 Jogyl oy L sellae dams Lo 5 byl (sleesl
S s 3 alale (S}l g Lo sl gl (B) ohiSen
=l 50,8 odlatol oy Ml g 4l005y Kiuzw S (sl g,
oMl 0dlgls sla yog) ddlllas 390 ddlaio jd ol L
9 SolegS it Yicuwlie jhig) Siom S o9y 4 Cond
Sy 9 Fig oesee Sl skl b (YY) (S
Wlowa slaogs™ o (3)b obple 4 «Siom S edlgls
Sylp 50 ool Simu,S by o ol mls sy
Dy gy Sles Juad )b b awolis jo aVLe o)l
@ s ) S S ) (V) ohler 5 polen
&9 Slp Aol (S59 pusSas g 03l S S slasd)
pasels powlie liwye jedS ) g AL
WS il AVl 5L SlKe lpuss (W) SL,8 Ll
bl J0js oSy ey 45 33 J8 ey 390
9 Syl ldorsiz Jold (2b19y> Jgome sahs, L
g ShomyS wol S iy Ml a9
&S ob ol sdelcwdd mls b dwlis Kiuzm,SeS
U9y 9 039 Lad o ieS gLl (ol Jlyjs (g S,
(F) oS 5 i <ol 45,515 52 45 2 Koz
ol wSe @pe Jobd (2bgy> Uhgy S I edlatul L
S ety (simbs S Wi b5 oibl

ol 0330 9 (30 (e S g Lo ple

Foo bl g 5l VY ojleid /pm3jlgd Jlo juscl 039> o prite doliiinghs

e Gy Olyedr dol 5l Ghgy ol ) ke ialS
)'| Dgud oo oslatwl o.\.«;lid).;aﬂ.\jl bl ww 5 Pslu
oalazwl b 1y odls jo Sl (Siuwly il 15U ,Sod )b
5 ke (1) 25 Jlesl g oo alols (ogSina 13 (5 ]
Sim S Jhe) o9 Slelomes he) on ey
4 Jgl deye > Siom S SmesS pl (V1) Mile
oo &S 2y o e olad Jsle (gileJde g cEL
a3 o plordl i s o U1 5 BS00)ly S L) )8
Ll slas 5 poles bli colys du abje )3 uses
@ 485 J)30)> 3,5 (o0 (s bod S w5 ($9) 3l (Kl
Olet g bl oads (g)b pdises ol yuxie 51 B o5l
Obgy S ol plml s ay0e 2By b1y )bl syl
Stad Slien 0 B9y (pl D9 o0 odlistul S S8
ol oy ) 1 45 S it Sy 5 ol i (3
5 63,5 Mol ) Lol (355 sl 005 (5)l5 patiges SIS
S gy00 84 (e 3 Uagy ul dpeeVl ) o e
Josinn 3 555 <SS 5 (ool seite (S iy
(0) a3l

sl il s)lel g woby @y 5 ool slagdg, 5
J.;.SL;@ oslatwl u‘flﬂOﬁ)) Sy o d):fo)’b.}‘ ol »
&g GBlp b oS el ) ila il (L3b) slea
oy BB bl o s 4 ek p glaesss
Il Jaa ol o 2bogys lp iy
b S Gl g dgde edlitel bagglalerais
polasl bli polis wiges (sloodls Lolul y (clalosiin
g 3 &S Gl ol M slisl (Shg 235 50 3591,
Pow 5 pod d>yd WYolo 40 0l deng (SWSL Ol
L g Ky 43y 5 oy 395 ilis &y i )
osly 8y dxyd ),.sL @ g bl e canddy (g)lgen
Jeols IS5 050 sl 6 5YL x> do pm ¢ obygy0 5
Joo €8 I 2y B Glieas Jg 92 alss 5lgen
Slan g s S slosiny Ll AVY) 3530 S
Ly (So8 (slapiio g ol o (o (o (a5 b
5 02 9 Job sliwly ) a5 cul ol o) &S o
oS ey 3 & 3 sy (s Wy, dlate ¢l
b omesS) gdaly SOl b g s
L > oJiesn S lo st 5 ol i (o 4152y
e ool eB) g poye g Jsb pppatuie b Jorome
(V)35 39l 1y kol joste

WAl Mgy gl Lol e adlaie o oS laylyd
ol 3 )8 ekl Stz S (ige )5y ) I Ol
Sheslanwl b Lol ooly 1 adgl ezt S Canss (i,
3 adsl e85 ol e 29500 bl ol alally S
olilasBly yisu &S ol @S ol g pSejlul Lol slaosly
Solelioges gy S b laosile Bl s o] o Canndey
LS| S )Ty ddlre jl e pdlde 4y 5 0ad oL gy
S 2980 dpogi Sloj 39 by 5l el Vool 39 oo
d&)sspjalwgg}mu&fﬁfhx%g@\/ﬁ
oS slapsie g dlly pite (o WG g 2BL 9290



YVY¥

B =YA oo ohsile liwl 0 (sl 5 (s 03505
055UsS elapalil slog) sl &S WS o lugi e 05+
PP SR g R agw Jl edee Gl ool
Sy (S el il ogir 53 5yl 058 ) g Jledd
Sygbar d9d0 gl cpl B G Clyes
oy ol il 286 Shlio > il (s
Ebwlssg, w5 gie & sl jpullcas oleliy)
g b (V) 29800 ohen gyl gl b sl (S5
B =YY o ol 0 0350 slaoKiw! glas)) oSl a
@ » i)l ()b whe 18 (Bl jl g Cusl o VY
sloodly 5 leMbl dgng pas 5 CMw 2ol 5 laaslidg,
ol 3 skl Gremdr yie VYo gli)l Sl VL AL
b h)bes Ladddl 4w culio (hg) Mb (aw g
OpZmen 335 By (2bigyd e (slaghy) dwlie
o 290 Ol )3 ()l 35l )3 (SeS (sl puite i
=y )18

g g dlge
addlhe 3490 adlo

rluwo @130 yi0slS” YYVOF/Y pils b o005k oliu!
bilie (oye 9 OF V9 00 Y ol sk o
asy Jd pd 9,5 sbyd g, YEO YO YO OFY
ly adbaie cpl (lgm < g5e Jelse o)ls )15 5,1 oS
25 o] (85 15 e 5, slaosS 355 & (i
0P e gl alS Gl b a4 (S
@y Jld Gl 035 el 9 bwgie 2l
S amidaon j53 sloyd (oo Jolgw (V) B o
rg—ada latdl Glcld 5 b (la Shy L
Sl o (Spliwl Sl s i) s S
B LAl ol il sud Cguse joulS NS 4 5,5
5 (35 sbop) eiS s as)le 9 o b
oslil LU da (sloodgs () Jlia Aluades) 0028 sg0mo
o (V) )l 093 gl S bl b jeniiiue
hog Wit clagdyy bl slwly 5 Siegk
5 Segiw olStws] YV (glaodly 51 415k bl o)L
VUS55 S b edlil Lwlidley olesle oxis)l
L] 0045 031 ol oo L;’lSA CusBgo

ol 0330 9 3 (e S g Lo pile

alile il (5)bes 4l ag 5 6kl (mej 5 olel sbey ()

g e SiS odbe SiomyS ol gime
@lale (ke lab)l oavaiy (ke Siom)S
ol demalio b 4 sl &) 1y ) oS 5Vl g s
Aold jodome (S ogMeds (L3S (2bigyd gy i
el gl YL By Sos (slaghyy 4 Coms
ey ain (Vo) hlSen 5 (636 90 1,95 0 Glnl )9S
Shom S S 598 oges Sz Jold by
old (pSe Sy « Sz )S gm)S) 2l Vg b
ool sleodls el 1) gamaw b3 LIS 5 Ml
Lol 58wy 350 1y liwies il dilele 5 4Vl
Sion S GLalS gy o gy (eled b (LS gl
S0 o5 sl ks (SHjk obj polie S0y 2
Jold el cnj slasgy (1) hlSes g yg (o8 it
5 Jyoxe 9 o3l Sz S5 (Jgore 9 o3l Stz S
P39 S e (ke g ord 2kl Jgens Siom S8
glp sgaiedr g U Sy lg b alols S @904
2 bV Sl Sle 5 ¥l wlbble Sl K
3l )13 wyp 3j90 |y lnl (B8 Jlod (L35 42>
390 dilate 3 il LByl sl o s ol gl a5
g il (slaols (2)b sl g (Jgene Sz )5 b9y S
b (55 abold ugSas by cielo V¥ ()b (pizzen
Obler g (oS855 bl gy rpcmlie &y Ol
O3S 3 by e (hoy Ve > bl 4 (V)
syl gy &5 wlashy plwss bl bl
‘(\\) oMl 35 Qs gy o pealie Siusu S
(lwjgs Gliwl (5 S Gl Al ans jolateds
Gl slo b 51 oolizol L 1y sl (glabais el
@ & 28 Jas (sl Cledbl 4 glel e g ok
Ol (e £ b Jseme Sz )5 by b gl
g D (SHL Sy padls Lhole sl ) <
(b 09 Oh ke awlie & (V) Llen o LyS
obalS g Aol uSe (Sjy Kz 5 Siem)S
obijle bl ()l (oS jelateds (gan dw (b
bt G Uhgy (oerp 2090 gy Crye & Wby
b i byl ieghs ]I N W ol gdmdw
ol (S8 poiio lgicdy i)l e 5l &S ol by,
VL ey gl gy a4 Cewd WS

W5)12y95



ol 0330 9 (3 (gige S g Lo ple

Y\O VFee bl g les /Y ojladds /om3jl9s Jhs 5u50] 0je> o pe doliciangy
51°0,0"E 52°0:0"E 53°0:0"E 54°0:0"E
: B
2 z
Ll LS
g g
s Sloudl,
@ SS9 o Sl MU LI IKilometers
@ 2w OLL olSauwl 0 1530 60 90 120
PR VR A EN PV PR KV
Z | value F3
S | gu High : 5591 z
1N -2
Low : -30 3
51°0'0"E 52°0'0"E 53°0°0"E 54°0°0"E

- ohvile Ol 53 o3l 590 wulﬁm d_La:oK:wJ S Cumbge =) IS5
Figure 1. Location of meteorological stations used in Mazandaran province
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Table 1. Semivariogram analysis parameters of rainfall in Mazandaran province
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Table 2. Equation of three-dimensional linear gradient of precipitation in Mazandaran province
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Figure 2. Regression analysis of different methods of locating the mean rainfall data of the 13-year period
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Mazandaran province with the studied co kriging
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Abstract

Precipitation estimation in areas without recorded meteorological data is of great importance
in hydrological studies and flood forecasting. Due to the lack of high-altitude meteorological
stations with long-term recorded data in Mazandaran province as well as stochastic attribute of
rainfall data, using statistical methods based on covariates and comparison with geostatistical
methods for interpolating monthly and annual rainfall data in this province is Inevitable. For this
purpose, precipitation data from 21 meteorological stations over a 13-years recorded period
(2004-2013) were used. In order to determination of appropriate interpolation method of rainfall
data, six models including Ordinary Kriging, Cokriging, Inverse Distance Weighting, spline,
three-dimensional linear gradient and regression-kriging were investigated. Evaluation of the
methods was also performed on the basis of root mean square error, mean bias error and
regression analysis. Variography analysis showed spherical and exponential models as the best
theoretical semivariogram models. The results of error indices analysis showed the Spline
model has the lowest efficiency and the three-dimensional linear gradient was found as the most
appropriate interpolation model of rainfall data which in comparison with other models reduced
the rainfall estimation error from 100 to 200 mm(about 40 to 60 percent). However, its accuracy
is reduced in hot and humid months. Investication of rainfall maps illustrates the accuracy of
covariate based interpolation methods in detecting low rainfall and high rainfall points of the
province. So that high rainfall district is located on the west coast of the province and by
moving east the amount of rainfall decrease. Due to the similarity of the rainfall map and the
digital elevation model, it is noted that the amount of precipitation in valleys is very different
from precipitation in the highlands of this province. The results of this study showed that in
areas with complex topography, the use of covariates leads to a significant increase in the
accuracy of rainfall maps.
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