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Abstract

Background and objectives

Wind erosion and dust phenomenon are considered as one of the important processes of land
degradation and a serious challenge in Iran. This phenomenon occurs due to the interaction
between weather and terrestrial processes. The purpose of this research is to investigate and
analyze the trend of temporal and spatial changes in the number of dusty days in Iran and to
investigate the role of climate in its spread.

Methodology

In this research, after receiving hourly and daily statistics of dust events (through 148 synoptic
and climatology stations) and parameters of precipitation, evaporation, temperature as key
climatic elements (from 171 stations) in 22 provinces located in arid and semi-arid regions of
Iran, The spread of dust was investigated and the correlation between climate and dust was
determined. After calculating the number of dust days in Iran, the information was called in the
GIS environment and a map of the spatial changes of the parameter of the number of dust days in
the three decades of 1987-1996, 1997-2006, 2007-2016 was prepared. In the following, the spatial
analysis of this parameter and its expansion over three decades were investigated. Next, the
climate parameter that had the highest correlation with the number of dusty days was selected and
after preparing a map of its spatial changes in the GIS software environment, the spatial
compatibility of the desired parameter with the expansion of the number of dusty days was
investigated. In the next step, after performing the homogeneity test on the dust occurrences, the
partial square regression model was used to determine the contribution of the three mentioned
climatic elements as independent variables and the number of dust days as a dependent variable.
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Results

The results showed that the number of dusty days and the area of its occurrence have increased
in Iran, so that in the last decade under study (2007-2016) compared to the previous two decades,
the dustiest event occurred in Iran. This increase has been more intense especially in the western
and southwestern regions of the country, which were also affected by extra-local dust events.
These dust events have spread to the central regions of the country with greater frequency. The
homogeneity test in many provinces showed a common change point (year 2007-2008) in the
number of dusty days, which could be related to the beginning of severe droughts and climate
changes from this year in Iran. The study of climatic parameters (temperature, precipitation and
evaporation) on changes in the number of dust days in Iran showed that during recent years,
temperature had the highest significant correlation level (0.58) with the occurrence of dust. The
temperature gradient map in the last decade (2007-2016) compared to the previous decade (1997-
2006) also showed the increasing trend of temperature, especially in the western and southwestern
regions as well as the southeastern regions of Iran. Modeling the effect of climatic parameters of
temperature, precipitation and evaporation on the parameter of the number of dusty days showed
that the contribution of the studied climatic parameters to the occurrence of dusty days is about
33% and other effects can be related to things such as human factors or soil characteristics, type
of vegetation, solar radiation, etc.

Conclusion

In general, the results of examining the trend of changes in the number of dust days and climatic
indicators for nearly 3 decades indicate a significant increase in the number of dust days in most
parts of Iran and the conditions for this increase have been provided and if the trend of changing
these indicators in the coming years is according to the current trend, the risk of environmental
problems in the country can be expected to increase.

Keywords: Dust, climatic parameters, temperature gradient, partial least squares regression
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Figure 2- The average number of 15-year dust days from 2002 to 2016
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Table 2- Homogeneity test of the parameter of the number of dust days

p-value

hypothesis HO alpha (Two-tailed) t K ol
Accept 0.05 0.702 2013 27 Aokl
Reject 0.05 0.003 2007 52 S0k
Reject 0.05 0 2007 54 olgaol
Reject 0.05 0.004 2007 52 5A
Reject 0.05 0 2007 54 P
Accept 0.05 0.884 2010 22 Jrepe
Accept 0.05 0.173 2007 37 s olel &~
Accept 0.05 0.418 2007 31 RSP
Accept 0.05 0.076 2007 41 olaw
Reject 0.05 <0.0001 2008 56 Ol sk 5 ol
Accept 0.05 0.246 2006 34 o
Accept 0.05 0.763 2011 26 TR
Accept 0.05 0.319 2008 33 ol S
Reject 0.05 0.004 2007 52 olaile S
Reject 0.05 0.001 2007 54 S5
Accept 0.05 0.349 2012 32 o5 n
Reject 0.05 0.131 2007 38 S
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Figure 8- Chart of Petit's homogeneity test in provinces with rejection of the null hypothesis



s Pl Ol s K, s n

oy Blod 1P K8) amals D13 o a5, 50 oL S
UL lass, slaw b gl bl SIG0 2 28
At Qe sl plhan 5 i sbagld GLEss S
I e U | O S S TSR KO A
5o edlags sbess S sl el baglad ool s s
ol s ol st Sl 5 asdly AWV B Ve a3
R I R COE U T VS S N S P LCI PP
505 VEF 5 AWV (6555 8 555 sl ol b 5 &
VIY Sl b gt ol 3 e 5 gt a8l

Xles g )L,'cjsjf Slaw op i ol o,

ory

s 8 s, slaw lans &l o
5528 ke S sbis, ol Cundy sep
s aw o (Yo7 B VAR Jl ) slass &) goa
YooV =Y 2 5 Yoo s34V A48\ AAY Sl
sl S gy e sbads colg oy s bl
BYS] Clﬂ-w 2l Shpo 4 by e sle s 5,
s b oless 5 by, sl S Jdos s S ag
s o fosa leans ) s aSsh las YAAY-1447
ool 8 sbie, shaw cp i 5588 G0 s
525 olggol wile a8 (oS slaplinl 5 wlaxals

&
=
g
N
&
=
; Legend
Number of Dusty Days
¢ 0.0-10.0
10.1-20.0
#® 20.1-25.0
@ 25.1-30.0
30.1- 40.0
fi_ ® 0.1-50.0
| ® s0.1-600
| @ 60.1-70.0
@® 7n.1-177.7
(7% Provincial border
m Iran Border
Sea
0 175 350 700 Kilometers
z k t t t !
:g Map of the number of dusty days e
A decade 1987-1996
45’(;’0"E SO’(;’O"E 55:(;'0"}’_ 60=(;'0"E

VAAY-1 445 ans b jLess S slass) slaws oliad w5 acis —F IS
Figure 3-Spatial distribution map of the number of dust days during the decade of 1987-1996

(Ol S 5 ol b 5 Sl saplinl) 558 3 20 52
CAOF 5 oy >l blalos 55, VAP L
JSKa) ol sz azalS (65l ps 5 slags, slaw Sl paS
ans ) 3 eascd SUE s 8 e, law Ll iy (0

t\.la'é 53 (VAAV=Y e o) s )50 oo ard o
(o s LA (S 25 HeiS o
ol 3l sals 'C))j.:.fja)\.,éj;;jj) Slaws ey

u’"‘ﬁ:’ 5 )\.,éja; s, slaw )il sals ass



ory

Ssosbamless 555 Gk S gy Saia a8
A A TR O JU I TR S PRI NC e

G 0341 595 AN Lf,:-u\i,...u\n\.a

¥oooled ¥eada 0l 0ble 5 @0 Olados ade 4y i

550 YAY 5 VA8 L s 5 SHUS sbaalSsl 53 i
Cand g sdmanlas ASJ“L@ ol ob 5 pliaw pleal s

L. B e o\.';.u\ B .,\“L@ and Oi\ B o\.';.u\ Q;"\ GS\J;U.

40°0'0'"N

35°0'0"N
1

Legend
Number of Dusty Days
¢ 0.0-10.0

10.1-20.0
#® 20.1-255
@ 25.6-30.0
30.1- 40.0
® 40.1-500
® 5s0.1-60.0
@ 60.1-70.0
@ 70.1-186.9
(7% Provincial border
m Iran Border

30°0'0"N

0 175 350 700 Kilometers

I t t t + +
Map of the number of dusty days
decade 1997-2006

25°0'0"N
1

Sea Persian Golf

Oman Sea

I 1
45°00'E 50°00"E

I 1
55°0'0"E 60°0'0"E

VAAY-Ye o5 ans b jLess S slass) sl lad s asi -0 JSs
Figure 4 - Spatial distribution map of the number of dust days during the decade of 1997-2006

C)J\ B w .C,\.m‘ 0d g )'b..u.u (J\.‘hi‘—jéjg )’3) \O\
39 \...,Ja., )\..J:,:jf slas ) slows as u“f‘“g Jals ans
2 ‘f'”"\wf' AR Q\.':...u)'f; ‘r\.lg,\ ol aw CL'“ r\.«;’
ably WY Ll a\ﬁ:....g,\ BEIRTE VR E RN CIV R VN VA
Soo ol i ol pld s ol S
6\.&&)\:{-«&\ BERRY-% w\ BE) RV IV 'C) Lg)\.:.é};;
500 MO L o8t o)) plgiol asle a8 S s
Sao AL LS S&anl) el pled (olEgs S
soo Vo b ShE o&ael)) o8 s (eolesn S
sy, slaw J‘i“‘“" SaeS wale (goless S

los g 5528 5 sl s 8

Sl Sl (Yo V=Y F) sl ans 5o b e

s ol b glael&any) Glas g8 5 slaw
i Bble 5 w5 Il cal s U UL 5L s S
ol s 550 sl plagliad 5 Pl el asle S
el 03 g aBle oS 5 350k iy Olel S 5 Lol oy
bl 5o ans cnl 5o Slees 8 slass, slaw o mi
Sl odd sdaline ;528 3,205 5 2 S0 o
o, sl el sy b oans ) s (P ISK2)
i ans a4y s Ol 5l 5 ol glad 5o 5L s 8
ShEss B slas; slass, shaws s pleal o) o2 5L o5l
L Sas s 5bess 8 55 VOV L bl o&asl) 528 5o



s Pl Ol s K, s n

ory

&
=
g
N
z
o
28" o o
Number of Dusty Days 54 * @
*+ 00-100 s fod V . ®
10.1-20.0 \' \
<
* 201-250 & \"Ii.j b B I
® 25.1-30.0 ® ~
= b
1 » 301-400 X *3.{/
2| ® 40.1-500 Y
= . N @ °
@ 50.1-60.0 ® ’

@ 60.1-1579 t 3

("7 Provincial horder &

m Iran Border o . @

Sea Persian Golf = e 7
0 175 350 700 Kilometers e i
=z t t + t + !
:g_ Map of the number of dusty days
:Q decade 20072016 Oman Sea
1 1 1 1
45°0'0'E 50°0'0'E 55°0'0"E 60°0'0"E

YooV=Yers was b Less 8 sl shawr ol a5 atii -5 JSs
Figure 5 - Spatial distribution map of the number of dusty days during the decade of 2007-2016

sWas bl (Sl (o2 050 ol Gl e ol
»h 6)\361’“ ggww O 35S 53 )\*.-éﬁbg Lol en
b ol a0 D3 s o 51 ey 5 50 788 ol s
4 aelal 53 3l 5l w4y 5o e (b ire S

J.e\.:- Q\).I.C-Ag Q\ u\j.w ajau'j),.:s); Les WJW
o ain s 5lés £ I8 5l sals

)L.@ﬁbf ) (-Jﬁ‘ all
L oless S arals eite o 352 50 g<'—--° Ly,
s ool U i 5 ol s il i sl i
sas SV JSa 50 s 5 as YW CHINS
e 5 Cuta by e kﬁ,...ma sl B )l
3ol S s sl 31 b il ks e sl

0.80
- 0.58
2 o0&
:
e 2040
>8 8
1E %o
233
" %00
g
; o -
g -0.20 Temprature
o
0.40

0.55
o o~
peecipitation Evaporation
-0.29

Z . . . .. R . . . Z . ¢ R
Qy,_ﬁw&}))‘nm|h‘w}wjh‘bawb‘k;hwh_)gsja_;M‘;WM@‘J—VJﬁM
Figure 6- Correlation between dust variable and climatic variables of temperature, precipitation and
evaporation, using Pearson's correlation method.



ovod

bl ol s laslamsl 5l s350m0 53 s Lo St

WY Gl 5l cad sng cute 5 sl 3l lols 558
YA el 3 e hols S WY Los i o &
EO VIV SR b\iﬁ.«.}“ Y., 6..@\5 a\.i:....;“\

¥oooled ¥eada 0l 0ble 5 @0 Olados ade 4y i

0o s Sl Ol i S0 4 Loy esls )y

Jele ans a4y G (Yoo V=Y V) ) 0,00 | s
228 0Ll 8 w5 am 5 s S bl (V44V=Y- o) o]
osiS cia 23 e 250 SelKanl el Lo ol 8l
Sobs ol mls (A JS2) as esls Gl azs B o

a3ouy [l Si*owp
| ——

Srvet Tyl [ A Al LA A
e “ |

(\4ay=Y..5) of FSle ans wy Coed (Yo o V=Y o\ E) w3550 3l ams Loy obsl 8 Ol s —A S

Figure 7- Changes in the temperature gradient of the last decade (2007-2016) compared to the previous decade
(1997-2006)

i R oAb o g it oot b | 4l
e 55 ot o3l (5la ite 31485 g 45l R g
Sl 3} s YT oS s plti guls aS e et |,
4 3905 ol b el ﬁb o 5Lé s S ey,
2L St sl A s 4 Ol ew e sl o Joe
sl o e o0 opl Lo &S cad (Jates gla e
T PN C W S S V) Y VI UGV R .4

Cﬁ.‘ PR e oolazal Joe ‘51\)\5 9 OO Aug AMJQL‘.‘J

s 5 sl sl b sl (sla e bl i
ol Jie a3l adlllae 51 2l
Sss 8 slasa, slawi aasly wite (i 5 20k o)
Sl pls o Sla e JSlos S S5 Jae b 3l
Mr\fjiauwtw‘;&q@wj\ﬂuﬂu‘j.ﬁ
L ﬂw ot Sl 8 slags,y slaw adlas ()
b S adaly hls colgss 5 o a5 Lo bl

2
e ed Ao (et e 2) ROY Joos 55 250



s Pl Ol s N, s n

[\\ed

el gl sdal ey sae Jlaglgiea il o g
Y/°V J.é\:- JJA L;‘J'f Jj).:- P (DW) O‘,....;‘) 90

ShEsn S sl slawr Gl S Slare Jlos o s 85 Jie sl ol o =Y Jsix
Table 3- The fit coefficients of the partial least squares regression model for the number of dusty days

Ohbservations
Sum of weights

DF
Ri
Adjusted R?
MSE
RMSE
MAPE
DW
Cp
AIC
SBC
PC

1006.00
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Table 4 - Standardized regression coefficients of the model

Source Value  Standard error t Pr> [f| Lower bound (95%)  Upper bound (95%)
7 1.228 0.229 5.355 <0.0001 0.778 1.677
Evaporartion
L
> 0.970 0.116 8.342 <0.0001 0.742 1.198
Temprature
554
o 0.172 0.104 1.655 0.098 -0.032 0.375
precipitation
Lottt 350,
o -1.485 0.244 -6.092 <0.0001 -1.964 -1.007
Evaporartion*Temprature
s L;E:_ [
T -0.095 0.113 -0.844 0.399 -0.317 0.126
Evaporartion*precipitation
5Lk L
IR -0.158 0.153 -1.035 0.301 -0.457 0.141
Temprature*precipitation
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Figure 9- Diagram of climatic factors affecting the number of dusty days and the range of influence of these
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