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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 (B = 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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Figure 3. Spatial distribution of total annual confirmed COVID-19 cases in Kurdistan Province.
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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.

b Slon E5md O 2les il a5 ol ] saias Lis Cogazme Cundg o b3 Sal od
(p_value = Jlo sme g coite Lolad oo b oS ol .ol 00l aaicd 005 Cueginn sloo,g0
5l Bles slos zloe 55,y id LS 5 e0g L5l (V Jsoz) ciwlw Jow ,00.045)

el i ol sl309,0 p el gl Ul GBS 5 (slosl> 00 5 slacgsgase )5 Cude g o 10 kAl 8 LS

b Cosgame ol (6,5b 0 comimmod ol 00ls oo Lialdl 1) aasgame s lom dad slocSly 4 STy Ho a8l

).ub Sl islgs B e ol j0 305 pz> Jlex] ralS oS awo o lid ((essl 5 (5)law) slosl> 005 Lol slo e
Wlody (pald (6 5lom JUI 4y Glizes «udguze | Bl (Fyrles sl ) 0,185 508 p (5 lolins onals

g byse SES& a1y S 5 el o codions DI a2 B Jga g sl oo (LiS 1) Joe g9 culpo anslin O Jour

ol S (ol ) Codgasme (YL ok 55 O zles 3T 0ts g 55 (Y JS8) (Lalss lages S oo )] (39 sl e

wlad slasly (vl Sluws aSs 5 )b 5l (euiinss ;50 5 ogdle lool> Ml a5 Wil oo ST ggamms o laazdl

J—SM |) LQWLH» U”‘ ‘Sm.?ufl ..\.5‘9."59 6)5)..0 6“00;’ w).s..\.a )l u.l.‘LCﬁ ..\J)lé 6‘0&;;..5



S5 35 Sabr I
-------- mmmmmmm—me———eee \#
VFebiml YO by oylods (F oylols ¥ 0yg0

WBolgiin 9 65 a2l

Olwd S il 53 VAmaigeS olad als » loslr 205 slacosgume il (S5 o s b tagh ol
goly ojem 50 yrie T asly p b fdod ol plnl Sliv el b jo olad addy bl Jow 5,54 L s (VF-1-1YAA)
iRsh (55 gansd (eeil 4 laml cslol jo 285 Ojso Koglaon (5 5035 (F3g myile ) eolinl b 5 lolse
53 o a5l o] Glcd¥s 5 cld Gloasdly s il

G953 sBans 1 (903

J997) 9205 (rwnd ) 2% 4 el 8 S o Jlolad OBl 5 (ol Il L ol addy iy Joe 3)5T 0 bl
(v
5 Cote lew 5 a0l Joe 53 8 53 €ougstl b i coyd 1 Fh2 aali 0Ll b 00 e S alal)HL 3
B:-‘7‘ ‘V\”) J.a] Cawd Le )‘OL'.’.A 9 ‘59..40 UU&:J‘ d)‘.}f «‘5)‘5.“ 9)\595 la ).é.m» w)..o Ln‘ (p:'l’ 'f ‘B:"\ . ’) &9{ )‘.)LLM
obsS sloyin Gows) s)low slagoes 305 ofl (s pfden Luld o a5 sase olas (aBls ol (p<eoe o).
23l 03 ye Lawg (65978 28 Sl 8L SUEL WL 5 Cewl ALBIS usSae abal ) Ml 3190 b (Sl 55,0
MY Glad aidy Jae 0 (V) slad Sieensss cups JolS sl (Cude (o lad (Ko dgs 392 9)H2 Al
Sl ol o 0 Mol o lae &l o 5l A 4 SHo3 S aeo e plad Bl logy ol cre 0 ) mlaw jo aS 0l 3y,
S0 8 aleen slaliv oed 4o Sl 3yl 559 Sl b
P=2 VVF) €6l yaw x Codgama? ol Odax culps 0y H(Cudguxe by 005 W1 Joai)H3 Ay
J«.».B).i» )‘J.B 6)|OLLM G]a.w &R 0 Ll PRRRTY ‘SO.MQ Az 2 (p:‘ YAy cB =- )'?YY) «L)"’ﬁfﬂs‘ ).Q.w X Cudgdme? g (p:‘ yYOF
e malS (g ol e 4y T Ml 00 5 por e Sl aiziiileii 00 5 slacuogase (ol by
5 Cule €O ,>le Al F 5 x Codgama? ol o Al (g dgame 090 yo Wizl P wyuid)H4 ¥
338w 5 5y9,0 Sla >les (ol Glacusgase Jlos! bl jo a5 s oo lis ases pl (=25« FO f=25TV)og Jlole
(Ciwlew 5l a0 Sy il oayay) Wlowds Jiad (6 ke jlacsl LJle JUK 4 coegion
Jo 400 )5 o0 155 Cudguze oylgie 4y g ouli (59051 (4 glumn jLid) 4y (g5Lidy (5951 (o0 FHE 0
S dlone UGl (ol et mlaw 58 (65970 28 1 S9r0 Sl SIS 5 (S98 3)lge ailjy) slaosls A (o s pas
(@l3s, b Soam) YL Sloj 2o b sloosls wiejls and 8 cnl (y5e5] 050 pald Vb 5ogSye b slooyso 50 lacyagame

~ |
o9 R Bans (905l LS gagea —V Joua
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Table 8. Comparative comparison of the spatial pattern influenced by migration in the present study
and the literature.
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