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Abstract

Background and Objective: Despite the widespread implementation of road traffic restrictions in Iran during
the COVID-19 pandemic, there is little quantitative evidence regarding the spatial effectiveness of these
policies at the intra-provincial scale. The present study aimed to analyze the impact of traffic restrictions on
the spatiotemporal dynamics of COVID-19 in Kurdistan Province and to test five quantitative hypotheses.
Methodology: In this study, a balanced panel of 10 counties of Kurdistan Province was constructed for the
period 2019-2022, and spatial autocorrelation was examined using the Global Moran's | index. A spatial lag
panel model with random effects and a K-nearest neighbor weight matrix was estimated. The policy variable
(the proportion of months with travel bans) was extracted from the announcements of the National COVID-19
Taskforce and entered into the model in the form of interaction terms with traffic and migration variables.
Direct, indirect, and total effects were calculated through matrix inversion (I — AW)™, and the robustness of
the results was assessed using six different spatial weight matrices.

Results and Findings: The Global Moran's | index was non-significant for all years (p-value > 0.05);
however, the spatial lag model revealed a strong and significant spatial autoregressive coefficient (A = 0.812,
p < 0.001) (confirming H2). The coefficient for "bus travel" was positive and significant (B = 0.100, p =
0.004), whereas the coefficient for "private car travel”, contrary to expectations, was negative and significant
(B = -0.0073, p < 0.001) (partially confirming H1). The interaction terms of restrictions with car and bus
traffic were nonsignificant (rejecting H3). The "restrictions x migration” interaction was positive and
significant (f = 0.271, p = 0.045) (confirming H4). Hypothesis H5 was not tested due to the absence of daily
mortality data. For all variables, spillover effects outweighed direct effects (for main road density: direct
effect = 2.275 versus indirect effect = 5.706). The results remained robust across the six weight matrices.
Hence, uniform road traffic restrictions, in the absence of essential travel management, shifted the disease
transmission pathway from public travel to exempted migrations. The strong spatial autocorrelation and the
predominance of spillover effects necessitate the design of regional and coordinated inter-county
interventions. Policy evaluation in regions with a small number of spatial units requires advanced spatial
models, and simple tests such as Moran's | are insufficient.

Keywords: COVID-19; spatial panel model; spatial lag; spatial spillover effects; spatial weight matrix;
Kurdistan Province.
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Table 2. Descriptive statistics of variables (40 observations).
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Figure 3. Spatial distribution of total annual confirmed COVID-19 cases in Kurdistan Province.
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Figure 4. Total annual confirmed COVID-19 cases in Kurdistan Province.
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&5 50 wlad STy 4 bl sasmo s las (YA B -Y e 0) bie B)LJ Soges yo
OB ol g9 b slopliv el Sjsloe jo i Vb g0l b slagliv ol sl 5150
Diloads aloml ctSol> A8 g Kodslaon (0 5005 539 o ile b lagygesl ad )l

LA= MY cols Kol guieg s (oldd (Sily Jbslo da el lojen 3,510 b (olad aidy Jow (Jl= cnl b
(NZV+) S5 sladiges ;o a5 amd o ylid el cpl 058 o] Laseis a4 0 Gl oljse asls a5 (p_value< - .-+ )
i ool 5 G b Sl gpSamt A Cl (Sen pldd (Siends 0 piie S glagseil n Syo 4SS
W 00958l Jaw 4y Jelad OMex b ol pen slosls 005 slacusgass  wlow

Mol o)lge 2 logne 5 Cotte (6531 adis hlug Slass o (Lol ol o515 carly (lad adds oo jo il Joo oS slaaidly
Sl 9,095 03,5 g £,8 0ly 1oS15 ( blas jo (p_value < +.o e\ L - YOF gp_value< .o+ LV.0 - Cupay) sl olas
Bad (Stly ko a5 00,5 05l A=  AVY Slad Siaeendgd oo walol [0 ol ol o sae g site oulpo b
ose (asls 4 0s Sysl Jo 5 58 A aS ol amg BB 4SS el oles Linl 5 Sileen iile 4 o low b
@lad Go Sy S ae YL R SESE ©)08 p oS glosalin - Sl o gme il g e 4 Su0F 6 polie aldle
Wyl Vs S 68 o Bl (0 0,msiac ST slayge ;] 4 s



G215 b d
-------- e LT \&Y
VFebiml YO by oylods (F oylols ¥ 0yg0

(Cudgammo Cuawlow b g b)) (o Lad aiBg b Joo culps Y Jour
Table 3. Coefficients of the spatial lag models (baseline and with restriction policy).
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Figure 7. Interaction plot of the effect of incoming migrants (per 1,000

population) on the logarithm of annual COVID-19 cases under two
conditions: no traffic restrictions and a restriction ratio of 2/12.
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and the literature.
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