2026 et 20A 33—t dneldallg delaxrYlg ALY S goel) 431 a0 AU 7N
No.20A Feb. 2026 [raq1 Journal of Humanitarian, Social and Scientific Research ’ &\
Print ISSN 2710-0952 Electronic ISSN 2790-1254

Sl gl 0 e Julat ;) sdad) SEIR gasad aladiiady 4 6Y) ciliaalinn 4adal
el ) gi s dala )
Ohandd o Jle ¢ )
Jlee Y1 513 4K ) Zaala
aliil

Jalat el sa) ae ¢ P sl SEIR 3 sa3 ahadcinly &3 5% HLiil ClSaalins dadad ) Al 5ol 028 Chags
Laaall il Y1 JUERY Adlaial) daghall (Say jlal 8 @lld g o3 saill Cilalaa pai 33kl () e
S ) iy bl Jial 40 sdell ddoaldill cYaleal) slaie) &5 38 Ll Caaliadl) o) aae
Cadie ) Al daiall o dlailly 5 jlie dadl g JST Gy gl 5 Lay g sanll AN LS8V 33 53
35 Gl (pe Al il g sl w at A el ) AL s bl A gl Auaaa]) SlSLaal) Aagia Al
il (33 e EO (aadali iy elia g all MlaiaW) a5l dada g edaia ) oS udl Jsha g o5 saal)
A A3k ¢ (EKF) e sall LS i a5 ¢ (MLE)akae W) (lSaY) 48 yha 1 a oz saill Cilalas
L@—""' MJM\ (TN 63 ¢ (BayeS|an—MCMC)jjJ1S g uJSJLA S &_ﬂ_m‘)‘)\j; ‘_Ac Badlizall
el (3585 Al all il < yedal (RMISE). Uadl) cliny o Ja s siad s il 3ad) Gl aladi
Deal 5 Undll iy gie J81 (38 s ¢ J) gdial) SEIR 3 5a3 Clalaa 3335 8 daiial 53 ) g (g pl)
Aallaia¥) cilag gl Al Jla 8 dald (Al o)) A glatall Saaliall o L) Laladll g e 150 el
] i) 85 Gt ) (5058 At 3l ALl Jsha 3l 5 o el i LS e 31 <l gy Sl
Ol 2 s s Aallaia W) ey ) 5ill dae el Jliia) < jeal 5 o 3l prgiall Aluzadl ) il pa ¢33kl
O dae D ST Lale gl () (63 Jie &5 yall ey 3 53l Jray Law il sl Vsl iy b i
el SR e ol sl (g il alani) ) sl IS e <l i < LT LS ) sl 50 358
Jiay oo 3l JUBY1 Cpania L W g i) sulind) A0 1) Bl aladias) o () Al all (alis | a5 sl
a3 (A agaad Of (S Ads 4aS il gal gy g Apamall Lial ) ol clSaalin Jalat 8 Ylad g
A Y5 a5 ol Jandadll ol )

OS5 pe ) alae VI SV s Sy Sie SEIR g seil Aol alii oY alae ; Apalidal) cilalgl)
¥ % e sall

Modeling Epidemic Dynamics Using the Stochastic SEIR Model: A
Comparative Analysis of Estimation Methods
Prof. Dr. Hamed Saad Noor Al-Shamarti
Zahraa Alaa
Al-Bayan University, College of Business Administration

Abstract

This study aims to model the dynamics of epidemic spread using a stochastic SEIR
model and to conduct a comparative analysis of parameter estimation methods
within a framework that captures the probabilistic nature of infectious disease
transmission and its associated uncertainty. Stochastic differential equations were
employed to represent the fluctuations and random disturbances that accompany real
epidemic spread, providing a more realistic description than traditional deterministic
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models. The study adopted a numerical simulation approach to generate synthetic
epidemiological data under various scenarios in terms of infection intensity, time-
series length, and the probabilistic distribution of noise. Three parameter estimation
methods were applied: Maximum Likelihood Estimation (MLE), the Extended
Kalman Filter (EKF), and a Bayesian approach based on Markov Chain Monte Carlo
algorithms (Bayesian—-MCMC). The methods were compared using the Root Mean
Square Error (RMSE) as the main evaluation criterion.The results demonstrated a
clear superiority of the Bayesian approach in estimating the parameters of the
stochastic SEIR model, as it achieved the lowest error levels and showed greater
stability in capturing the dynamic behavior of the epidemic system, particularly
under varying distributions and scenario conditions. The findings also indicated that
increasing the length of the time series improves estimation accuracy across all
methods, while the Bayesian approach consistently maintains its advantage.
Goodness-of-fit tests further revealed the presence of overdispersion in the
epidemiological data, indicating that flexible distributions such as the Negative
Binomial and Gamma are more suitable than the Poisson distribution for modeling
such data. Additionally, the estimated basic reproduction number suggested a
declining epidemic trend within the studied time frame. Overall, the study concludes
that stochastic epidemiological modeling—particularly within a Bayesian
framework—provides an effective approach for analyzing epidemic dynamics and
offers robust quantitative tools to support public health planning and epidemic
management decisions.

Keywords: Differential equations for a stochastic SEIR model, maximum likelihood
estimation, extended Kalman filter, Bayesian estimator.
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Jsh aie il sall SEIR g sei Clalaa 50t (35 ylal IS RMSE (ultie o (1-3) Usds e sy
Aallia) il 35l 5 il gy jliand) Calite e g T = 30 5,08 die ) dluds

<43 e <0.3253 il (IS Und T i i s g oy 300 2 5Ll G5 i) o pelal
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Scena Distribu RMSE _overall RMSE_overall RMSE_overall  Best_met

ro tion _MLE _EKF Bayes hod
High Gamma 0.7892 0.6583 0.5901 Bayes
High  Negbin 0.7955 0.6947 0.5966 Bayes
High  Poisson 0.7323 0.74 0.5993 Bayes
High Unifdisc 0.768 0.6853 0.5707 Bayes
Low Gamma 0.0389 0.0342 0.0313 Bayes
Low Negbin 0.0304 0.0258 0.0252 Bayes
Low Poisson 0.0319 0.0298 0.0262 Bayes
Low Unifdisc 0.036 0.0287 0.029 Bayes
True Gamma 0.4725 0.4472 0.3494 Bayes
True  Negbin 0.4205 0.3846 0.3413 Bayes
True Poisson 0.5037 0.4045 0.3829 EKF
True Unifdisc 0.461 0.4239 0.3615 Bayes

T=30 dsia 1) Aduadal) Jsha (198 Ladie i) (330 o gl (s (1-3) Jo>

T = 50 s il 36 b @ilid 3-4-2
2l 48 8 e Ut il ,ediy T = 50 2ie RMSE _overall gl (3-2) s g—as
213l J—miYIBayes cui 385 (53 jhall aead S Uadll a s gia (sl 3 T = 30 sy 4 laa
MLE. 48 ,k1 0.3146 5 EKF 4% k! 0.2748 J:é «<RMSE _overall = 0.2455 s sia
) i Len e a3l Jshall 138 die (12 e 12) @uladl gras & Jo=8Y) cilS Bayes o a1
L ST iy g aie el Wl il

Scena Distribu RMSE_overall RMSE_overall RMSE overall  Best met

ro tion _MLE _EKF Bayes hod
High Gamma 0.5333 0.4171 0.4355 Bayes
High  Negbin 0.574 0.5205 0.4534 Bayes
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High  Poisson 0.5996 0.5145 0.4553 Bayes
High Unifdisc 0.539 0.5157 0.4122 Bayes
Low Gamma 0.0001 0.0001 0.0001 Bayes
Low Negbin 0.0001 0.0001 0.0001 Bayes
Low Poisson 0.0001 0.0001 0.0001 Bayes
Low Unifdisc 0.0001 0.0001 0.0001 Bayes
True Gamma 0.3878 0.3244 0.2939 Bayes
True  Negbin 0.3684 0.3085 0.2681 Bayes
True Poisson 0.3664 0.3346 0.3044 Bayes
True Unifdisc 0.4069 0.3619 0.3231 Bayes

T=50 Aia 31 Alealad) Jgha (3985 Ladis yalil) (5l il (s (2-3) Jsaa

T = 100 die paiil) &) h milis 3-4-3
53 oo Uadll (aliily 4 i olaY) yaiy G T = 100 2ie RMEpperqy o8 (3-3) Js2x G
0.2148 Jias <0.1908 s~ Bayes 4a k!l RMSE_overall 1 sie iy dxie 3l ALl W) Jsh
T = 100 (e 3 25 11 & Bayes 4badl cila L& MLEAS k! 0.2468 5 EKF 45 k!
A8 5k JadlS MLE et aly edah sas 5 4y a8 4 48 yh JunlS EKF < ek Lain

Scena Distribu RMSE overall RMSE_overall RMSE_overall  Best met

ro tion _MLE _EKF Bayes hod
High Gamma 0.4855 0.387 0.3819 Bayes
High  Negbin 0.4135 0.3512 0.3063 Bayes
High  Poisson 0.4104 0.3506 0.3341 Bayes
High Unifdisc 0.5011 0.4239 0.3926 Bayes
Low Gamma 0.0001 0.0001 0.0001 Bayes
Low  Negbin 0.0001 0.0001 0.0001 EKF
Low Poisson 0.0001 0.0001 0.0001 Bayes
Low Unifdisc 0.0001 0.0001 0.0001 Bayes
True Gamma 0.308 0.2969 0.2283 Bayes
True  Negbin 0.2798 0.2388 0.2215 Bayes
True Poisson 0.2789 0.2745 0.2117 Bayes
True Unifdisc 0.2836 0.2539 0.2133 Bayes

T=100 4ia 3l Adealead) Jgha ¢y 985 Lasie pafil) (3 jh il G (3-3) Joa>

T = 150 s il (35 jha mildi 3-4-4
e (o A8l (g g Juadl (ol adaii Criay Ledi J glaall alaia) Geia) T = 150 gl (s
L sgie ady 2 08l (s cpi) ane QI A a )l Jaldi 52l ) O adsie el 58 s g jaall adll
45,1 0.1919 5 EKF 48 ,h10.1717 J:s 0.1536 ' s~ Bayes 44kl RMSE _overall
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ro tion _MLE
High Gamma 0.3274
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Aale dagia 43 jlaa §a8ad ) o ja Y 1 Cangas ‘;Ld;\ &S K eaa (Scenarios) Gl g Ll
zeial s ¢ (EKF)xiedl QlallS =i e ¢ (MLE)akae ¥V (lSay) 48 jla 1D pndill 33yl G
e s e gad il jaad aiad g anill e aa 58 DA (e ¢ (Bayesian Estimation)es W
T=30 sie Auaiil) Juladll 3-4-1

Saia¥) o) gl MLE EKF Bayes Best method
gamma 0.4335 0.3799 0.3236 Bayes
negbin 0.4155 0.3684 0.3210 Bayes
Poisson 0.4226 0.3914 0.3361 Bayes
unifdisc 0.4217 0.3793 0.3204 Bayes

T=30 2= &l (33 yha il Cp () ) sl
Laa T Azie 3l Aludidl Jsha 30 ) ae G i (aléiVL 108 RMSE g o OF o) BlSkacall il s
a4y yhll @ yelal o7 = 30 aaall aic 5 Jshl dpia ) claglaa o8 LS puaBil) 485 o ad (uSay
ey ) sl Calisa oo Unaldl ail Jas gia JB i 3) DN punill (330 da (s ol Juzadl 4 3000
Ol i a5 (MLE) akae ¥ OlSeY) 48 3k (e IS5 4 i cclilnd) ad 5 8 Laddi ) A 0Laia Y|
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Saia¥) a5l MLE EKF Bayes Best method
gamma 0.3071 0.2472 0.2432 Bayes
negbin 0.3141 0.2763 0.2405 Bayes
Poisson 0.3220 0.2830 0.2532 Bayes
unifdisc 0.3153 0.2926 0.2451 Bayes

T=50 s a8l (330 jh @il (o () ay Jgad)

(usu.as;.ug_\_mcWJ\w\d}Lon)cA}M\MJMJ\M\ C_I\_Lﬂ\)@_k.i
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gamma 0.2645 0.2280 0.2034 Bayes
negbin 0.2311 0.1967 0.1760 Bayes
Poisson 0.2298 0.2084 0.1820 Bayes
unifdisc 0.2616 0.2260 0.2020 Bayes

T=100 2 i) 3l ha @il G () a2 J g2l
Lea T Ao 3l Aluslial) Jska 80y 5 ae RMSE,yopaqy o8 (od 5 salall (mlasiV) ) puiasl s\Slaall il (38
GHb (s Bl el T = 100 paall die 5, i) 4835 Al aas G A uSall A8l S
Al )8 Cua o A gy ST il
o JS Gle 48 giie Allaia¥) il ) i) Cilina e Uadl) il o i o 4 500 48, plall & el ad
o3 le Al Ui a8 s (a5 (EKF) il GlallS 2l ja 5 (MLE) pbae V1 glSaY) 43 5k
O ) (505 Laa dia 3 AL Jgda ) 5 LS ST 30LS5 3 g pall i) ae Al e sleal)
Q:ﬂ_.\ﬂ\ d:\ﬁﬁj U_\\Jgﬁﬂ\ 33 ¢
T=150 is Auadil) Judail) 3-4-4

Saia¥) a5l MLE EKF Bayes Best method
gamma 0.1843 0.1751 0.1559 Bayes
negbin 0.1873 0.1587 0.1471 Bayes
Poisson 0.1942 0.1692 0.1549 Bayes
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