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Abstract
Background and Objective: Precipitation is one of the most variable climatic parameters. These
changes occur both in terms of location and time in terms of the region's climate. This study was
conducted to model the spatial relationships of seasonal rainfall in the northeast of the country with a
joint monthly statistical period of 30 years (1980-2010).
Method: In order to achieve spatial variation of rainfall, new methods of spatial statistics such as
spatial autocorrelation, global Moran, spatial dispersion index and geographic weight regression
model (GWR) were used in GIS software.
Findings: The results of this study showed that rainfall changes in northeastern Iran have a high
cluster pattern or positive. The Global Moran Index for each of the four seasons and the annual sum is
above 0.93, the highest Global Moran index with the value of 0032191 is for the summer season.
Discussion & Conclusion: The results of the GWR model showed that rainfall in the northern parts
of the study area had positive spatial auto-correlation and in the southern parts, which are mostly
desert areas had negative spatial auto-correlation. Also, the results of dispersion data were the result
of cluster pattern of precipitation in the northeast of the country. Based on the frequency index of
clusters or the ICF, the winter season is the largest cluster with a numerical value of 2646.26 in
Northeast of the country.

Keywords: Spatial Modeling of Precipitation-Elevation, Spatial Autocorrelation, Local Moran, GWR
Model, Iran

1- Assistant Professor, Faculty of Geography and Environmental Sciences, Hakim Sabzevari University,
Sabzevar, Iran

2- M.Sc., Meteorology, Faculty of Geography and Environmental Sciences, Hakim Sabzevari University,
Sabzevar, Iran



ey G, - )b ldd Ll (g5l Joe

et R 5 SVsb hile gl glasl bS]
Iy VRIANY) oyl olad sleosls ulowigay 0
wlad s 3,5 asis gly e Glsl clasS)
CosSI yrizan 5,5 oolitul ladss 5 olas waiST,,
o 1, abgSl 5 bades b iyl |, gaiadly ol gl
slagiagy 09t (V) wies 13 obj)l g ol 9590
Al @ldd Lly) giludae sln pdize bawg )l
) \L_> Al dalg> oslil 550 Wiz 4y a5 el oulpledl
lod oliagsy 4 (olad Lol slaby, 5l eolital L ), 5e
S NDVI _osls oull , TRMM 4Kt ol o5
ol 53 By e pgeadlS adg> 5 £lis)| ash) Jon
S Jelos gl Sl olise led Lol oy 5 Gy
Dby, 45 ol olid b b eslizel NDVI asls
&ly 5o 00,0l v, ol 5l ool L )L sleesls ol
polie gl aools wigy azxgr b asdlaes e oSiug! i
dibaie glp cidg 4 Wymle 5 0T (YY)asl o wglite
ly Jloy dsz Gy, 5l andlp 8 Sl o adly " pelsS
Sl Silsnsnl (SoSTy sladas 5 2l 5 ol slaesls
5 0y oy lad jlol (60157 0,05, b (BLS sladisS
i |y alsr 5 ol Dliis 4 (5,588 el bl
0sSL b T oY sl 4 arg L (TF) wo S
olrl o ol @lad Lily; giledae pgas o Jiagh
5 ok @2ld bl g5l ae Ghagh Bas il saiiplx]
e 5l enSere 0%, b olnl B0 Jled o gl

il GWR

b9y 9 9lge
e ol.iu.».l‘ AR L;o.ﬁs 9 J)M )LQT )‘ L)"““S)" L}"‘ )
Al Y alle e gyl ey b et 5yd Jled

bolSien] ST, (1) S5 b solizal (VAA--Y 41 +)

1- Jia
2- Qaidam
3- Colmar

Aoddie
sl Gl Sleis Sy 5 G @iy ke 5l 2T
S 63)lye aboril (V) Sl 550,80 sl s asly
@ Ol en Sl 03903 (a3l 1) (51 (ol il o)
slagse (e jliel g Gl Mo (G 9 3ledse
oo 5 55,0laS SVgame o Shee iludos (oulidlsn
Uik el il anlllas 1 agas o)Lt S Ceess
ST osleginaly ly Gopel, s Sliied b
ety )l (Sloy (ealdl Slalllae 305 H1E 4z 530 00
asls 18 addons Lasl jo pigy slrosls 45wl wualys
Sl 5 b Joloe (i Soenl Lo (o5 a8l
335 o0 Slaell (555,55l (Sloj 9 S slaJuloigns 25
-~ g9 ldd Ly, (siledae ol Scnla (05 FYY)
Sl 4l col s I920] (i sln kesas )k e
deidlyyone el (B S ameas 51 (ormy b
(F) 2l selgs Cgums b gyl G5 caio g ;s
V) 2lse 5 o Slyis J9o (e i SIS wll
2 (LS5 liyl) s ()b g, Yo (5,8 pgo dess
0 o)Ll 45 oblen al Ltalsdl 4 5, ol cakizee blis
ol ) Gb palae jebay aST 5L (5 ,S el slaolKins!
bl )3 ohgar arlliged wywes ;o Glye el wus
g by odg oaiSTy (pSoilal slaclliwl SliwsnsS
Gl S Jels g gble aigSinl (BlSns (Sazm
wlidlee Gk oyl Swzm 2 ooz lulyd b oadie
ti slouby, eslital b el e 13 .(VY 5 1V - A0
Aozl ol &) Lol 0Bl Ll o) g |, ISl o050
Uhgy 05 o)Ll jleleme; slagiy; 4 oy s, o
Ok sosls s p Sz canliie (LB Glareds el
Casl 38,5518 0l 0590 ()L slilaie 951y Cpiznen g
w5k Gl @lad mis ) G 0yl (07 5100 F0Y)
T S (VF) o)l plite g wSlie sl 4Ss S,
3 Cmlios alllans jge dilaio yulpw jo (olad adbosls

aalllas . (F) w2l Jloyesp (B Caz g wib)ly (Siles




M2 g (0,5

A9 olo jg1 5o AV Lot e drnsro (55919555 4 pole A\

A0 5 oolaul
slaasl glad JLSle (owyn jshiewr (tagh ool o
bl oype ol glao)ll j5aS 50 Jled 5L
'(ID) Sussly asls oadoeslizul )bl ol aid )18
Ao p 1) 5l @ Guibyly Cod &5 ol
)Ua;ul QLS S9m ‘59.>La.1 259 )'I 4.’.}“9.40.5)946 LTSN

il Sy 4 1D 0y, e

N OWN ™N

N

sosls  iagh cpl 0 s el 1) adllacs g0
Lome 3 Srm S oo s, 5l eolisd | alSi
eeasl b glag, sesls 4 ArcGIS 10.2.2 13310 5
gy 50 & S D 0018 pani ieglS VOXVO olal 4
MATLAB 53l6 5 cumgaslpy slocalld 5l woloasl=e
aids agd slp eimen ol oad oolaiwl SAS  GS+

VoYY axes AICGIS Jiileys 5l e85,k bl

dalllae 5,90 Qe GloalKiwl -\ JS&

Figure 1-Synaptic stations in study area
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Table 1- Statistical characteristics of seasonal precipitation in the northeast of Iran
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Table 2- Characteristics of Rainfall Dispersion Statistics in Northeast of Iran
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Table 3- Selected values of the geo statistics parameters (generalized crushing) in the northeast

of Iran
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Figure 3- The half-shift face and elliptic anisotropy / isotropy before the removal of the trend
(Fig. A) and after the removal of the trend (Fig. B)
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Table 4- Moran statistics output for the studied periods in the northeast of Iran
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Figure 4- The results of the distribution of the Global Moran pattern for rainfall at northeast of
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Table 5- Calculated values of the GWR model for rainfall of northeastern Iran
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Figure 5- Results of GWR models for different seasons in the northeast of Iran
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Figure 6-Estimated precipitation in millimeters for spring and winter using GWR model in
northeastern Iran
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