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ABSTRACT

Introduction

Dust events represent one of the most critical environmental challenges in arid and
semi-arid regions, particularly in Iran, where they pose extensive consequences for
public health, urban sustainability, and environmental management. Kerman Province,
like many arid regions of Iran, is repeatedly affected by dust storms. While numerous
studies have investigated dust phenomena, most research has failed to distinguish
between locally-generated dust and regionally-transported dust, nor has it
simultaneously considered both the quantity and morphology of new construction
developments. This research gap has limited our understanding of how urban
development actually contributes to either exacerbating or controlling dust events.The
present study aims to empirically investigate the simultaneous influence of the quantity
and quality (morphology and orientation) of construction development on the frequency
of local dust events (WMO code 07) and regional dust events (WMO code 06) in
Kerman Province. The innovation of this study lies in its empirical verification of
theoretical "pollutant trap" mechanisms using fixed-effects regression models, while
distinguishing between effects on local versus regional dust occurrences. The research
addresses a fundamental question: Do new constructions act as "structural traps" that
exacerbate dust pollution, and if so, through which mechanisms?
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Study Area and Data Sources: The research was conducted in Kerman Province, Iran, using dust event data from 11
synoptic stations over the period 2005-2020. Dust events were classified according to World Meteorological
Organization (WMO) codes: code 07 (local dust—dust raised at or near the station by wind, attributed to local
anthropogenic sources including construction activities) and code 06 (regional dust widespread suspended dust not
raised at the station, indicating long-range transport from deserts or external sources). Construction data were extracted
from the Global Human Settlement Layer (GHSL), capturing new construction pixels within 5-kilometer buffers
surrounding each synoptic station for the years 2005, 2010, 2015, and 2020.

Variable Definition: The dependent variables were the frequency of dust occurrences for WMO codes 06 and 07.
Independent variables included: (1) morphological obstruction (count oblique) measuring events where building
orientation relative to prevailing wind was perpendicular or opposite, leading to ventilation obstruction and
pollutant entrapment; (2) total construction quantity (built total)—the number of new construction pixels within the
buffer; (3) surface disturbance in low-density areas (built 1l control) measuring new construction in spatial "cold"
clusters (Low-Low clusters) identified by LISA analysis; (4) construction intensity in high-density areas
(built_hh_intensity) new construction in "hot" clusters (High-High clusters); and (5) a control variable for non-
significant construction.

The angular difference between dust-carrying wind direction and new construction orientation was calculated using
rotational distance formula: d(o,f) = min(ja-B|, 360°-|a-B|), with values then classified as aligned (d < 45°),
approximately perpendicular (45° < d < 135°), or opposite (d > 135°). Spatial autocorrelation was assessed using
Moran's I cluster and outlier analysis, as well as Getis-Ord hot spots analysis.

Analytical Approach: The study employed a fixed-effects negative binomial regression model, which is particularly
appropriate for count data exhibiting overdispersion (variance exceeding the mean). The Hausman test (}*>=11.19,
p=0.0477) confirmed that fixed effects were preferred over random effects, indicating that time-invariant station
characteristics (topography, proximity to natural dust sources) correlated with explanatory variables. The model was
specified as: In(expected event rate) = fixed effect for station i + Z( x independent variables). Coefficients were
reported as Incidence Rate Ratios (IRR), where an IRR of 1.025 indicates a 2.5% increase in the expected event rate
per unit increase in the independent variable.

Results and Discussion

Key Findings: The results revealed that morphological obstruction (count oblique) was the strongest factor increasing
the frequency of both local and regional dust events. For local dust (WMO 07), count oblique showed IRR = 1.0246 (p
< 0.001), while for regional dust (WMO 06), it showed IRR = 1.0269 (p < 0.001). These findings empirically
demonstrate that inappropriate building orientation relative to prevailing winds creates ventilation obstruction and
pollutant entrapment, with buildings acting as aecrodynamic barriers that generate "pollutant traps."

Surface Disturbance Effects: Surface disturbance in low-density areas (built _11_control) significantly increased local
dust events, with IRR = 1.0257 (p = 0.029). This finding indicates that construction activity in sensitive, low-density
peripheral areas disturbs the soil surface and enhances local dust generation. Notably, this variable was not significant
for regional dust (code 06), confirming that surface disturbance is primarily a local mechanism.

The Dual Nature of Construction Quantity: The total quantity of construction (built_total) exhibited a paradoxical
dual effect. For local dust (WMO 07), built_total showed a negative coefficient (IRR = 0.970, p = 0.074), suggesting
a tendency toward surface stabilization and modest dust reduction. However, for regional dust (WMO 06), built_total
was non-significant (p = 0.501). This paradox reveals that while construction can locally stabilize surfaces and reduce
dust emissions, the same buildings—through unfavorable morphological configurations—create entrapment effects
that ultimately exacerbate dust problems. The net effect is increasing because the morphological entrapment
mechanism (IRR = 1.025) is substantially stronger than the stabilization effect (IRR = 0.970). Distinguishing Local
from Regional Dust: A critical contribution of this study is the systematic differentiation between local and regional
dust sources. The comparative analysis revealed that for regional dust (WMO 06), none of the construction-related
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quantity or spatial pattern variables were significant (all p > 0.15). This fundamental difference confirms the source
differentiation hypothesis: urban development is primarily a local source, not a major driver of regional transport.
Morphological obstruction, however, affected both types—demonstrating that urban structure systematically traps
both locally- generated and regionally-transported particles in stagnation zones.

Comparison with Previous Research: While previous studies in Iran have focused primarily on the quantity of urban
development and its general pollution consequences, this research demonstrates that unfavorable morphology and
building orientation are even more important than construction volume per se in controlling dust events. The findings
align with broader international research on urbanization and dust generation, while extending that research by
empirically verifying CFD-simulated mechanisms using real-world observational data. Unlike most previous Iranian
dust studies that used descriptive methods or simpler spatial analysis, this study employed rigorous fixed-effects panel
regression with spatial clustering analysis.

Conclusions

This research provides empirical evidence that urban structures in Kerman Province act as "pollutant traps,"
exacerbating both local and regional dust events primarily through unfavorable morphological configurations rather
than simply through construction volume. The findings demonstrate that morphological obstruction (count_oblique) is
the strongest predictor of increased dust frequency for both WMO 07 and WMO 06, confirming that inappropriate
building orientation creates ventilation obstruction and particle entrapment.

The study reveals several key insights. First, surface disturbance in low-density, sensitive peripheral areas significantly
increases local dust generation, highlighting the vulnerability of these zones. Second, construction quantity has a
paradoxical dual effect: while potentially stabilizing surfaces locally, the same structures create entrapment effects that
dominate the net outcome. Third, the clear distinction between factors affecting local versus regional dust confirms that
urban development is primarily a local source mechanism, though morphological obstruction affects both pathways.
Based on these findings, the research recommends a paradigm shift from focusing solely on urban development quantity
to prioritizing aerodynamic design quality. Environmental policies should mandate building codes that optimize
building orientation relative to prevailing wind flows and require surface stabilization in sensitive low-density marginal
areas. This integrated approach would reduce the negative interactions between development morphology and
atmospheric dynamics in arid and semi-arid environments. Future research should focus on scenario modeling using
geographic and computational fluid dynamics tools to evaluate the efficacy of proposed interventions at broader scales.
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Figure(1): Spatial distribution of the synoptic stations used in this study
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Figure(2): Spatial distribution of newly developed built-up areas in Kerman Province (2005, 2010, 2015, and 2020)
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Table(1): Description of the study variables and justification of their roles.

(FE) Jow jo (i duzgi g 0318 g ools g9 o JolS o gd 30 00 3,19 5 yuisio o
Stata I8l 0
WMO Station Data String (oo 95) Sty gioonw oSy alits SESW
WMO / GHSL Numeric (Vo¥+ ¥ 10X\ XYoo b) onnlin Jlo Jhw
Sl o0 led (e JLe §5,5) anly e Count/Integer (ko 4z ) WMO -V slaslas ) S sloss dust_+Vv
b 93,5 e
JLé 59,5 oanles (((gladlaie L 5 3,5) dtuly yuiio Count/Integer (JEsh) WMO -5 slaslas, S slaws dust_+1
Lo S5 L1 gl 1 i
Cedlad S ominn (a5 CoeS) s puiiio Numeric 0 Bl 50 wox e g cdle JS Glo JuSy slas built_total
Urban Roughness ;Lo Ll km
ilSe LS (ogllasls (655998 5 g0) Hituns yurio Count/Numeric WMO !, (We)Count + (s502)Count count_oblique +V/+1
G 2505 P g ooV e 5y
drangd Seany Cale ((§lo olad 35 105) Jitame pite Count/Numeric Count(HH) + Count(Hotspot-Z = v/v) built_hh_intensity
Sl g S oo
S G ((Kaad o o J 7S ) Jiuns uiie Count/Numeric Count(LL) + Count(Hotspot-Z < -¥/-¥) built_11_control
Dty (8 S, b 3blio 53 (b Sxis]
Baseline «(_solas anwg J,5) Jitae jiie Count/Numeric s Hot Spot 5 ee 086 slo Sy g0 not_significant_built
LISA

Soline (65Ul W8l anugs

e 43 Bodld a9 (Flewlmo sl Jge,8 (V) Jgux
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Table (3): Hausman test results for code 07 and justification for selecting the fixed-effects (FE) model in panel data analysis.

11/19=(5)Chi2
Prob > chi¥ = +/+ £ YV

inn g ke ool 11/19 Chi2
(/0 abwl o) P<e/e0 0/0477 P-value
Cesl Jobiae RE § FE 0 oglis sl 5o FE FENE
LSL“’)"M L L{boli.....;l wl; ASL‘bg;)"B u_.o..l.: g8
Cov(yi, Xi) # * -
il e

Jlael as (2=1)/14, P=+/+£A) ols Lis Random Effects o Fixed Effects sla Joo oo |y 5 loliae <gles Hausman g0
b S5 e B T arg anle) laolSin] oLz i gla Sing 45 amo se i domts ! S o 4l |, FE Jaw 5l eolizl
0950 35151 )0 (S e 4 i (Sinra (nl (52855 00y0li 5 Wl (Ko (edg Sl yeiio b Gl 59,5 (rb qlis
PAL) o dnd B | wedb oo 00ld g 5 Coll SIS Jaw aS ols Lis (070477 L ol 505l (s loline maw) (ygo3] amecs
5 95 0 Al (6 S m o9 e sl 1y FE Juto 3l oslitil & )9,0 mlis ol s 8 (18,955 5 (60,2 Sl (o (Kran
A2 o Gl gy liel

(+Fa5) gl ailio ;e 93,5 4 by yo jlw g Colu b b po (gl o gulis :(F) Jgur

Table(4): Results of construction-related variables associated with regional dust (code 06)
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Table(5): Results of construction-related variables associated with regional dust (code 07)
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