& ylettlg I & goed) Ao
Yo¥e gdgs - I susdl - (¥)) aloxd

Ciligial) amia dalidal) 7 dlailly dpuaadl ClSUEN aladid
daal) Joal) Ao gadaily ¢palil) Ao allal) pas B
Using Neural Networks and Multilevel Mixed

Models to Estimate Insurance Demand with
Application to Arab Countries

JAEN Al aud) O snallae J A A cidalliae daaa
Elsayed Elashkar Hebatalla Hassan Mohammad Zayed
)Y o slall ansdy ac e i Jasaill 5 2LaBY) iy 2o lise 3 e i) iy e lise Ui
3 s Gl Aralany acinall 4 Caillall dadlan Jlae Y1 5 ,l0) 4K Joasd Gl Zaalas Jae Y1 3 la) 40K
Ol s nkail) clany) andy goyde el y kil clian ) andy (sye Cpelilly kil clan ) andy (s jde
8y sraiall daalay 5l 4408 5 graiall daalay 5 jladll 4K 8y sraiall daalay 5l 4408
sayed_alashkar@mans.edu.eg hebatalt@mans.edu.eg m.a.zayed@mans.edu.eg

912



mailto:m.a.zayed@mans.edu.eg
mailto:sayed_alashkar@mans.edu.eg

=] e [m]
Fitia]

Yo¥e gdgs — CIBN susdl — (¥Y) aloxd) = dssloctly U] Grgoed) dloeo

toadlall

Coagis (Algy (ol & Lo lainYly Anlai®) Luanil) b Lols Slale cpaelill g Usd g any
8i5al) Jalgall aal wans e ol danall Joall (8 cpalil) e allally ol ) dulall o3
Baseie dnlaal) dyia)ll Judlodl 7 3as il Jlae (8 duyad) lulyall 6)3) (3 agas LS cad
Cangll (3aaaily L onelil) e llall yuai 8 duelilaaY) dasl) KN #3liy <l paial)
Kao [lial lgaal e dibas) cudlul) (e degiio desene aladiul 2 cduball oda (g
(bl Hlaad) zila (Granger duw Hlod) cisalaiall driejll oSl @lpsall Jalsal
(MLME Models b sisall 52307 dalizall HEY) = 3lai GARIMA i)l Judlad) 73l
Oaelill Ll (e Dogiadl Ll e alae YL elliy ¢GANNS doe lihaial) daal) Kol
ol Ghsll Jsd e deganal ddhesanlly daelanlly Lobai®V] Clyuisall o deganas
@l L)) Al asag I olll eiylaly 2018 sle ) 1990 ale e &l 55all Pla
4\ dae Laa g Al Eobai®¥) Jalgadl pan G %5 AN (ggie die (dilias] ANV
s Al Jae Joall (& cpaalil) Bladl Jlas] oy ol o allally duhall galed 3l
Jaugie) 2018 ale le 39 - A3lae Ls Va0 5ble 48.3 1) 2023 ale Lgiad Jusi
3 LY Jlaa) o Blall el Dbl s 05 of alg QS5 ((Lgin %4.8 503 Jans
Ay b b Glaagill sl cibicy 2018 ale %19 Jilie Lujs %22 ) 2023 Ao
Al skt Ay CulS elga cpalil) o ) Ciligine 5t A 8gall alslally Jalgal
dle Cilia lsds dilany) zilal phadsu) b mugilly daslie) e alslag gyl A
il 8 el sy cpaalill o Ul ) pige Calide dadall il

— il A — ol Laludl — dadaial) Ukl = ARIMA 73l :dalidd) b))
Aal) s gl — daand) (gpruall Cilasyall

913




do =l Jol e Bty pald] e Clball a5 § Okl Sousie dalisdl g3ledly duas)) OIS alasil
Laa i) el o ol yeall ws dlll doo .3 Wby Cadalll due dase 1

Abstract:

The growth of insurance sector is considered an important factor in economic
and social development in any country. This study aims to predict the
demand for insurance in Arab countries based on identifying the most
important factors affecting it. This study enriches applied Arabic studies in
the field of applications of multivariate cross-sectional time series models
and artificial neural network models for forecasting insurance demand. To
achieve the aim of this study, a variety of statistical methods were used, the
most important of which are Kao test for cointegration, Granger causality
test, linear regression models, ARIMA models, multi-level mixed effects
models, and artificial neural networks, based on the annual data on insurance
activity and a set of economic, social and demographic indicators for a group
of Arab countries during the time period from 1990 to 2018. The results
indicated a statistically significant correlation, at 5% significance level,
between economic, financial, social and cultural factors included in the study
and the demand for insurance, and that the total insurance premiums in the
countries under study is expected to reach approximately 48.3 billion dollars
in 2023 compared to 39 billion in 2018 (with an average growth rate of 4.8%
annually), and that the proportion of life insurance premiums is also expected
to increase to approximately 22% in 2023 compared to 19% in 2018. The
most important recommendations were to continue studying the factors and
phenomena affecting the demand for insurance whether as a result of natural
development or unusual circumstances, and to expand the use of statistical
models and data science algorithms to model various insurance sector
indicators and predict their future development.

Keywords: ARIMA models - Panel data - Insurance premiums - Granger
causality - Pooled OLS - Out of sample forecasting.
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(18)

Fps

ool @l ase T i)l chusiall 2 K (i = 1,...,n) ¢ Ul i

) ) 2 3gail Uadl) Cilasye poana t €€

A gl V) #3sal Undl) cilesye goana : €€
L IV L e e R
o A Y il a2kt jeaad) (il o aae Alls by ¢ atall Qi) Jod S
peadl) 7 35all aly Auilial
:Wald sl 9.9

(e deganad dilan) AVl LAY obwall t,LaaY Shay Wald lis) aasi

oAl (56Sy cilalaall 23 Jon 398 iy Anla] ae daly OF B i) hgas cilalea
g:RK SR agee dlly ¢ :du Ho:g(ﬂ):o Bgall e Bile LI el
tob WS Wald sl dsbas) Qs &g . f e 25l (o i

w =g (sf | L7 0 o ) (19

bl e Vs caial je cladeall il aaie by colaaliad) sae T s
X (a) 1 lae ST Wald sebasl (sS c‘._?.m:d\ sanl daa Jh gfj

riliilly Jalal) .10
Jsall 3 el e allally il (e de g G AR Al e Jilall 3

Sy L) HLEY) o A Ailean ) o) alasinly lally gl 5 cdabpall Jas dysyall
dflany) el aladiuls Auhall 8 dexdiid) Aileanl 23l iy cllaaYl eha) o
cdalaill g lglad jadle b e apeiady (EXcel, E-views, SPSS, MATLAB
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bl B8 N el cpalill g Usd | ghatg dubuagl) @l sluany) (adla 1.10
) cihyarial CEAY) Jalaag Jawsgiall (2) o) Jsaall maag

Al colpaial G Jaleag Jagiall 1(2) ady Jgan
S| 5|37 11 313133 T | 3| s
ﬁ?%%j,i%g’:’igi%% gl
09 | 31]05| 02|30 |10 |04 |12|05|04/03[06]| 03] 07 [ .
dalal) cilizalal) Jaludd]
(171.5) (99.9) [(42.3) (77.8) [(106.1)[(117.7)| (83) |(55.1) (65.9)|(66.7)((75.7)|(50.6)| (74.5) | (60.4)
11 [ 39 |05] 02 | 32|10 | 05 [19] 07 | 05|04 |10 03 | 0.8 -
Bl s
(165.8)(102.7)(46.7)| (77.8) |(105.9)(115.7)| (81.1) |(64.4)[ (69.2) |(65.2)((74.6)|(61.6)| (74.8) | (97.1) -
144.4|444.9456| 5.0 |107.8(525.4118.0(39.3|118.1|141.6/46.2| 7.8 |258.9| 18.9 |. o
Jalad) cilisalal) ddlis
(146.6) (62) |(35.4)(62.9)|(89.7)| (72) |(58.1)|(46.1)[(49.8)|(39.1)( (53) |(37.8)[(44.1) | (50.2)
170.3(554.2 |52.4| 5.1 |111.7|541.8|139.2|58.1|164.7 |171.9/52.5[12.6|329.9 | 20.2 ol 23t
(141.2) (65.5)|(39.6)| (63.3) | (89.7) | (70.4) | (57.1) [(55.1)| (51.8) |(39.4)(50.9)(49.4)| (46.2) | 52.3)| "
11 | 12 |15] 04 | 07 | 1.2 | 09 | 18| 19 | 06|17 |05| 1.4 | 06 |. )
Lalad) cilinalil) gas
(53.1) | (48.7) |(7.1) | (26.5) | (52.2) | (37.8) | (23.6) |(12.1) (20.5) |(38.7)|(19.4)|(17.1)| (15.1) | (18.6)
14 | 15 |17 04 | 07 | 1.3 | 11 | 26| 26 | 07]19|07| 1.8 | 0.6
Oalil) (3as
(59.3)| (52) ((12.4) (26.4) |(52.1) |(35.7)](23.2)|(22.1) (21.1) |(36.8)|(16.2)|(11.1)| (19.3) | (20.8)
55.1 | 28.3 |54.2| 87.0 | 61.0 | 28.6 | 55.4 |61.0| 56.5 | 40.0 | 73.8|68.8| 39.7 | 61.5 o) s
(35.7)| (39) ((17.5) (4.3) |(25.7)|(37.1)|(33.8)|(14.6) (12.6)|(18.7)|(10.9)(12.2) (23.6) | (21) U
72.4 | 75.1 | 736|602 | 728 | 78.1 | 73.2 |71.0| 75.6 | 73.7|72.4|68.9 | 75.0 | 72.2 Ll i
(6.6) | (2.4) [(2.9)] 5.3) | (2.3) | (1.7) | (4.4) [(5.5)| (@) |(1.4)]|@1.9)| (3) | (1.9) | (4.5) = e
72.9 | 82.0 |64.5| 32.6 | 80.7 | 96.9 | 74.1 |55.3| 86.3 |99.4 [81.9(42.9| 88.6 | 62.8 .
aa) duus
(27.1)| 3.4) |(4.8)| B.7) | 2.5) | (2) | (6.3) [(7.3)] (1.8) |(0.9)|(6.8)|(0.5)| (0.3) |(10.1)
70 | 55 | 42[400| 20 | 34 | 32 | 26| 1.8 | 32|40 [102| 1.4 | 9.0
aduall Jaa
(220.7) (58.3) |(36.8)(101.7)(128.3)((128.5)((109.8)(80.8)((122.5), (86) |(94.4)((59.7)[(102.6)|(104.9)
18230(52245|3379| 1284 |19431|63485|17361|2415| 5929 140507/3123(2176|21638| 4019 | Aaall gilil
(112.8) (22.7)[(22.7)| (31) | (6.3) | (3.8) | (7.5) |(23.4) (16.6)[(11.2)[(13.6)[(20.8) (5) |(14.5)| LAY Alaay!
113.6|246.3| 345 | 47.1 |470.2| 80.7 | 49.1 | 759/ 28.0 |100.0/ 20.0 (169.0| 20.1 [136.2|  laal) gl
(116) | (36) | (31) |(42.2)|(27.7) | (69.9)|(30.2) |(34.1) (37.2) |(30.4)|(39.6)|(36.6)| (38.8) | (27.9) ey
18.9 | 54 [10.0| 305 | 240 | 1.3 | 21.4 |30.3| 46 | 25| 6.2 |752| 09 | 333 A s
(108.8) (56.1)| (9.3) | (20.9) | (22.6) | (68.1)| (5.8) [(10.8) (26.5) |(34.9)(31.2)(16.7) 38.4) | (14.1)|  ©
70.7 | 80.0 |67.0| 45.9 | 775 | 82.0 | 77.4 |56.8| 74.7 | 77.4|70.3|62.9| 79.2 | 67.7 |. .
L) At ydge
(15.6)| (5.2) |(8.3)] (5.8) | (6.9) | (3.8) | (4.7) [(12.5) (2.5) | (5.2)|(4.6)|(7.7)| B.1) | (9.2) | ~
31.8 | 36.7 |22.9| 8.4 | 384 | 459 | 357 |30.6| 29.4 |385|42.3|27.4| 423 | 145 Wl gkl 3
(40.7) [ (34.7)[(9.7)] (23) |(32.9)|(15.5)|(15.1)|(27.6) (17.5) | (19) |(15.3)(28.3)[ (11.4) | (4.8) ¢ s
785 | 99.0 [66.2| 49.0 | 92.7 |100.0| 90.4 [59.8| 70.8 | 99.2 [65.7 |66.3 | 90.7 | 71.2 S
(21.5)| (1.6) |(5.4)] (9.3) | (1.1) | (0.2) | (1.1) | (6) | (3.5) | (2.5)((3.8)|(4.6)| (1.4) | (3.4) s
55.2 | 61.4 |55.4| 26.0 | 62.4 | 61.9 | 55.6 |39.4| 63.2 | 56.7 |65.7 [50.0 | 64.9 | 54.5 .
(24) (13.3)|(15.2) (22) |(17.2)] (9.1) |(20.1) [(23.8) (3.4) |(11.8)|(7.9)|(14.3)[ (6.7) |(17.9) el e
60.9 | 71.2 |60.5| 45.2 | 65.1 | 64.8 | 66.4 [60.4| 46.0 | 64.8|64.9(53.7| 74.7 | 53.8 Ll yde
(15.6)| (6.3) |(5.5)|(15.2)| (6.7) | (7.2) | (3.3) |(5.8)|(11.3)|(3.7)|(6.1)|(6.9)| (3.4) | (6.8) dalaidy)

Auhall 58 DA Swiss-Re 458 il e alae Wl cfislll slae) (e 1 jdaal) *
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tob Lo duhl) el Bdasll Clelany) cupglil cdmlud) cisall eljiiulg

Laludly dm€all cpalill Jalod) Jlaa) e JS A avigie el glacall dalia il cuilS =
Lo lall Ao opualill 28Uy cpualil) 280G slall Ao ualill Jaludly daladl culiselall
calad) clialill 285 asgie el gylaall s cabial

iy 2.6 038 Jaugier (el Band Lanill Blaall & glacy comall e DS Cislag ®
1.8 5y oy dalad) linalill (3ac b glaall ol

%40 %o 8753 Javssies adumill Jarag Alle) i Gun (e Joall AE lagudl Coprai =
Al Al Lailas <Y1 Ll calSy Jgl) e

FSY) o Ll ilSs (%994 5)8 Jagiay il A laall cusSl) cibialg @
Slall aigig palill AT Al Luslas

Gsde 75.2 )38 Lavsgias Blaall dujall jeae Ljsgen 6 SV g0 OIS 2 Sy
08 T giey Ao gaall G pell ASlaall coprian 2@ ¢ JlaaY) ol bl Gl Ladg cdass
Y52 )Lk 470.2

(Ul okl ji5e dptall dpaiill Hd5e (o DS A Lanigia e glaall i cibialg @
LAl ya5a cBlsd) ads

el Lalidly dalad) linelil) AEUS e IS0 dpuailly Lusilas SV 8 uigh iy calS
cedl Ohgll Joy Bl A5l (AmSal) JaludY) Jleals dalad) linelil) 3ac s dalal

@il Lty cadicail) Janad danals Lailas SV 8 sasiall dupall chle) clily calS =
ceonll Ol Jsa (Bl Ajlke el Band danaills Luilas SSY) & jeae cilily

Lain ¢ Alaay)  Asall bl daalls Lailas ASY) 8 daasand] duyal) ASkeall cilily il
Saa¥) ol 2l e 3l Cueatl Al Lalas iy bt Jaf jld clily cals
rgrd) sl Jgs (Bl )lae

1990 duiajll 853l Pha dnyall Joall & cpaalill Lldl ana sk (2) a8y JSY Siass

3.32 caly dum (JSC Gaalill Jalidl anal Lnelian lalad) JSED jeka ¢ua 22018 )
Y53 Jlle 39.03 iali Ll @l ans 315 22018 ple 8 & 21990 ple & Ysr Ll
cacliaie I8 Al LLEY) @l ol Cum dalal) linelil) Jalodl anad dially Jlad) 13S0
lgans Caleal 10 Ly w2018 ale 3 clis ¢ 51990 ale (3 Vss jlle 2.89 caly Cu
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430 <l 21990 sle éb slall o el Jalidl aas Caea Jaadls LS 21990 ole
el liselil) Llad) aans Lgwijlie Nsd Jlle 7.4 cialis ¢« ¥sn (sl
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:uym 88 I a:\:l)ﬂ\ Jodl) (A cpalil) Jaledf aas ghai 1(2) o) <&
@) Ghll Je b cdalall cilisalilly JSC cpalill 2ES skt (3) o) JSEN Sias
el ale olail Lol (pualtl) S of JKEN Hedaig (22018 1) 1990 dual) sl Pla
by laiy 21990 ale Yoo 1.83 L cuald sball o el 33US Conia dhaadle pe
el Al 8 slall e cpalill 8BS Cana e 3 (p2018 sle 8 Y50 23.26 L
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Auhall 5y PlA Gldal) ars dsag
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Laa i) el o ol yeall ws dlll doo .3 Wby Cadalll due dase 1

Al B A3 Jalgally cpalil) Ao qlal) o Al cldleg Bl 2.10
ca"_ibgﬂ.d\ O :A:JQAJ\ Al 8g8 u»l:\ﬂ ‘_')La‘):g.\.nj uy)yjnmj\ L:JAIA.A &:— e ) (4.'1
+(3) & Jsaadl LS mibial) il ua

Gl e qllal) A Bigall Jalgally Cualil) Jalud] ¢ Baliiy¥) cdlalaa 1(3) oy Jg>

dalad) ciligall) Jalod BLLEY) e k3 a0 Jelg
Spearman| Pearson |Spearman| Pearson -
.355™ 5447 345" 535" Lalal) cilisalal) déis
374 570" 3717 574™ RGPS
206" 240™ 221" 269" Lalal) cilinalil) gac
230" 230" 267" 284" Omaldl) gas
-460™ | -416™ | -463™ | -.4207 ey dus
497" 296™ 489" 303 Blal) adgs
.091 .159™ 077 .128* waadl) dus
-.103" -122" -.092 -.123" aduzll) Jara
.188™ 175" 163" 149" LA Alaay) aal) gl
707" 749" 691" 707" Aaay) Asal) gl
286" .059 297" .096 Ol a3
3127 .349™ 301 327 L pdd) Apaitl) yiiha
314 4127 327 404" Al ghail) yi3a
235" 267" 213" 236" Jaal s
397 3917 392" 374 alail) ydi3a
.064 166" .045 156" Lolasdy) djal) Hdise

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

On Lok A cailSy L Lglaladly Lelays ) ae opalil) Jaludl 3 Dliae Gl Lo
e Ao AL Lagd IS8t Jarag AlleY) das oo Lo Gaalill Jaludly el priall poen
el oLl

i Gy cduhyll Glpatie 8l gaelil) e Cllall g dend) Gl Julaily
il e Wiiagy cbitdl a8 e Dbl (s shal & el Adlasy zilal
s Sul
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o il A i)
asd) blalYl Jlay | ke sl
IR el Jud PRT | ea¥ bl fplesl
¥l
Laay) sl bl asdall 25l ) Cluselil) Ll ey sl 2ujle gl
GDPC el glll gl el PR NL GHlea¥ Fulesl
D¥sall 0l ™ Nsalls daladl

Laa) ol zalill adall i le o) .
gpp |¢VeEtiennl B e LT i P
D¥sally i )

Aala) b)) A8EKI adall 2jle o)
Pop Ol sasl sl 2le Sl DE_NL i sl fplest
) ) ¥l
HD Lpadl daanll yi54 PET Lalall Cilinalill 3ac
FD_Index AW ekl ya5d PE_NL Cpalil) 3ac
|_Index Jaall Lasq D ratio ey dws
E_Index adeill yi5e  LE gl Blal) ads
EF_Index dalay) Lyall yi5 URB el A

JalSally duia)ll Judall oS Jlasl Yol o o SaY) omiy el sl shaYy
Yl all A Bl ¥y I3 Ll cllee lus Yol &5 Cus clgin @il
«(Unit-root tests) sassll i chlid) Jee &3 & cclilad) ol 2 ale olad) 35a Ao
el Laludly e JS 0 &8N jaiha A cihlad) sl 1l
e lad duhall it il dudladl of il cBasgll s clyladl xaeal g,

die Byiea ol ASlug (a8 Byfine 5l ALy admil) Jaeay dalall Clilil 3ac
e MYl dnsall dalsll chlaal eha) @ Mol el paal (1(1)) G Bl
sl JalSill Kao jlial 5 (4) 4y dsaal) sagss -ued) o) Lgin 3Dle 35n
S5 aacg alall slad¥) bl gaks Jl 8 duhall Glystie Al oaelil) Bl
=i .Schwarz Information Criterion e laldie) layaas o g Lnlial) Uasy)
cashall Ja¥) 3 il G @ itie JalSs 3DIe a4l ) e
idal) Jalsill Kao jLod) gilis :(4) ad Jeas

Series

ADF

t-Statistic | TP

PR_T DE_T PE_T GDP GDPC POP LE D_RATIO URB HD

IR I_INDEX FD_INDEX E_INDEX EF_INDEX

-15.32152 | 0.000

PR_NL DE_NL PE_NL GDP GDPC POP LE D_RATIO URB
HD IR I_INDEX FD_INDEX E_INDEX EF_INDEX

-15.44420| 0.000
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Laa i) el o ol yeall ws dlll doo .3 Wby Cadalll due dase 1

Granger dwww chlas)
Calil Tl (s Gl BDad Granger [las) i (6) adys (5) a8y (Nsaal peasy
Al Syie 3y
L) Mlaaly dubll Clpiia ¢ dasell Granger L) gl :(5) ad) Jgos

Ml =hppsitess F . IagProb. F : IagFs>rob.
DE_T does not Granger Cause PR_T 6.57536 | 0.0107 | 29.0734| 2.E-12
PE_T does not Granger Cause PR_T 0.25894 | 0.6112 | 1.10804| 0.3314
GDP does not Granger Cause PR_T 3.35379 | 0.0679 | 3.75429| 0.0244
GDPC does not Granger Cause PR_T 6.86127 | 0.0092 | 5.46798| 0.0046
POP does not Granger Cause PR_T 1.87943 | 0.1713 | 2.16717| 0.1161
LE does not Granger Cause PR_T 8.87291 | 0.0031 | 4.66186| 0.0101
D_RATIO does not Granger Cause PR_T 11.1527 | 0.0009 | 6.95097| 0.0011
URB does not Granger Cause PR_T 6.07203 | 0.0142 | 2.94380| 0.0540
HD does not Granger Cause PR_T 8.18247 | 0.0045 | 4.27410| 0.0147
IR does not Granger Cause PR_T 16.9443 | 5.E-05 | 11.6722| 1.E-05
|_INDEX does not Granger Cause PR_T 6.62479 | 0.0105 | 4.05126| 0.0182
FD_INDEX does not Granger Cause PR_T | 9.95720 | 0.0017 | 6.07847| 0.0025
E_INDEX does not Granger Cause PR_T 7.79896 | 0.0055 | 4.40792| 0.0129
EF_INDEX does not Granger Cause PR_T | 4.32655 | 0.0382 | 2.12936| 0.1205

Auhall @lyprie G A Al 3y il (D) ) Jsan B @l Pl (e
%5 A3 (ggine die @llyg dmSall LLaY) Jaals ¢ ol€ully el ae (g0 IS oliinly
alad) cynalil) Jaludy dpal) cfpiia Gm Al Granger Las) gl :(6) a8 Jsaa

: 1la 2 lags

MU Iy ettt F grob. F gProb.
DE_NL does not Granger Cause PR_NL 7.74892| 0.0057 (26.6537| 2.E-11
PE_NL does not Granger Cause PR_ NL 0.02641| 0.8710 |2.43812| 0.0888
GDP does not Granger Cause PR_ NL 3.41688| 0.0654 |3.44422| 0.0330
GDPC does not Granger Cause PR_ NL 9.17632| 0.0026 |6.33254| 0.0020
POP does not Granger Cause PR_ NL 3.10378| 0.0790 |2.55083| 0.0795
LE does not Granger Cause PR_ NL 10.0938| 0.0016 |4.61884| 0.0105
D_RATIO does not Granger Cause PR_ NL  |13.3328| 0.0003 |7.71579| 0.0005
URB does not Granger Cause PR_ NL 8.39314| 0.0040 [3.82304| 0.0228
HD does not Granger Cause PR_ NL 10.1607| 0.0016 |4.94356| 0.0076
IR does not Granger Cause PR_ NL 17.1043| 4.E-05 |10.9586 | 2.E-05
|_INDEX does not Granger Cause PR_ NL 8.63432| 0.0035 |4.96918| 0.0075
FD_INDEX does not Granger Cause PR_ NL |11.0753| 0.0010 |6.28459| 0.0021
E_INDEX does not Granger Cause PR_ NL  |9.64654| 0.0020 |4.60382| 0.0106
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bl Ghatie (A Ao dgag mal (6) Ay dsan B Gl DA ey
Laiy «%5 ANVa (ggie die @iy calal) aalill Laludly ¢ lully el e (e JS oLy
%10 AN (ggise die LLAYL Clysiall paead L 3D 206

LY ae L Ake Lgd ) i) aladind pas ) lial w5 e el
ol e Qllally gl 2 3las s b
Omalil) (Ao qulbally 3uiil) g dlai 485 3.10

g3l — ARIMA zila i oaeldl) Glo Qlll il desdioa) o3kl cibias

dppasd) IS — Gbgia) Barete ddabiddl HEY z3la — Luadaiall Lkl Jadl) jlaasy)
Apld) z 3l ol il padle L Leds Aae L)

ARIMA 4iiajll Judiad) 7z dla
A5y Hlodly (Jsall e Agy IS Abaiie il 4nla] ARIMA 3k g &
il Gadle oISy ¢ Sl SN Dalaylg Blay¥) Jlgs sy duludl IS5 e el z3gail)
(7) &) dsx> (B s s LS
Ol By ARIMA zilad sl il £(7) a8y Jgaa
alad) (aalil) Baludy ;3341 7 3gall L) Nlaay L35l ¢ igall
RMSE | R? z dsail) RMSE | R? Z dgail)

.186 920 | ARIMA(0,2,0) | .193 935 | ARIMA(0,2,0) |  _ial
.065 994 | ARIMA(0,1,0) | .069 994 | ARIMA(0,1,0) |  ¢cxal
172 888 | ARIMA(0,1,0) | .161 938 | ARIMA(1,1,0) ran
.075 992 | ARIMA(0,1,0) | .057 995 | ARIMA(1,1,0) | ¢l
111 972 | ARIMA(0,1,0) | .097 980 | ARIMA(0,1,0) |  cussl
106 985 | ARIMA(0,1,1) | .083 991 | ARIMA(1,1,0) Ol
075 983 | ARIMA(0,1,0) | .074 987 | ARIMA(0,1,0) | wujall
.088 990 | ARIMA(0,1,0) | .092 989 | ARIMA(0,1,0) | ol
150 987 | ARIMA(0,1,0) | .143 988 | ARIMA(0,1,0) Jhd
.081 994 | ARIMA(0,2,0) | .073 995 | ARIMA(0,2,0) | dsagaud)
133 982 | ARIMA(1,2,0) | .139 981 | ARIMA(1,2,0) | ¢fagead)
074 972 | ARIMA(0,1,0) | .075 977 | ARIMA(0,1,0) |  _wis
.069 996 | ARIMA(0,2,0) | .060 997 | ARIMA(0,2,0) | iy

941



do =l Jol e Bty pald] e Clball a5 § Okl Sousie dalisdl g3ledly duas)) OIS alasil
Laa i) el o ol yeall ws dlll doo .3 Wby Cadalll due dase 1

Ladafiall clibll Jadl) j)aaiy) g il
sl asn JSly JSS Ll deandll (gpal) Cilayall dinylay jlass) z3ges ks Yol
z3li alatinl ) dalally aanall z3sail) dagdle (520 a3l ChoW ,Ladl ¢yl o cBaa
Ll LLaY) Jaa) e ISV Jeaiie z3ga3 Jas o5 a8 Adlslall HEY) o anl) EY)
Al @ paieS Gallal) b L) ae da 3Dke gd ) clpaiall aladiu) s lall cpalil

:(8) a8y Jsaall LS Chow jlaal gl cilSy
Chow _Las) milii :(8) Al Jes

P-value* *(F) Loy selas) el paial)
0.22579 1.11800 4Cal) Bl Alea)
0.05505 1.27128 aladl Gaalil) Lo

z3sailly Ll lasi¥) oz 3l il e alaie Yl ofinlll 48 e Aaluad) atl) Cilusa 5 *
.Chow JLC\AY :‘.\M\ :\A:ﬁ\ Aalas é_..\.\k'.'u_s ct.q;.,d\
zasadll (s Adlas) AV @b 398 326 Y ((8) Jss (A diagsaall il g,
CJ}M e\d;:u.u\ >0 ‘;Jtdl_aj ‘%5 md Lﬁ}l‘-‘“‘ e «ﬂb} s;\JJ.J dﬁ 2\:1.3)05\ deb ta;,d\
Algdall of ALl Y 2 3la Guds pena lasd)
Loludly 4l L) Mea) o IS pans o) 2358 55 e Lo Sl ol
DY) 73l cul€y L Joall i dsany kg Gaill e i aiie zhal g caladl (el
eall Ao
Pr —Tit =a+ BlDe—Tit + BZGDPit + B3GDPCit + ﬁ4LEit +
BsD_ratio;s + BeUrb;s + B7HD;: + BglR;: + PBol _Index;; +
B1oFD_index;; + B11E_Index;; + B12EF _Index;; +
Zc;(Country;) +d X Time + €;;
Pr —NLit =a+ ﬂlDe_NLit + ﬁzPe_NLit + B3GDPit + ﬂ4_GDPCit +
BsPopi: + B6LE;; + B7D_ratio; + BgUrb;: + BoHD;: +
B1olR;i: + P11l _Index;; + B1,FD_index; + B13E_Index;; +
B14EF _Index;; + Zc;(Country;) + d X Time + €;;
pooled dreadll (graall Cilasyall dala alasinls dalull 7 dlall cilaleall a8 23 a3,
o LS paill 8l padle IS5 . bl Uadll (robust) disas @iljsia plasinl ae OLS
e Aniall gl ayg 2 3latll 3855 Baga ) ek (sMls ¢(9) By Jsaall b ase
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Ciliginall Samia dalidal) JBY) gz dlad gilii padla :(10) ad) Jga

BIC AlC RMSE | log pseudo-likelihood Bl padial)
-294.75 | -349.80 | 0.14920 188.90 4l Bl lea)
-330.39 | -393.31 | 0.14010 212.65 alad) (paalil) Jaludf
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Levenberg-Marquardt  wSall L) G lsd aladinl ASA) uyn S

Jabaig Uadll ilaspe Jangie aladinly Ll ansg o((5) A8, JSall) backpropagation
LR %15 5 3asall %15 5 Auall Canyrl Ll (e %70 st plakiad 5 g . laaiy)
2 (7) ) IS8l magy Lo cdaclilaa¥) A0 3 gill sasa =8l (6) A8y JSEN (aug
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Training: R=0.99499
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22023 (fa 2019 e 55l oo Oalil) Baleadl anan 3t 4.10

el ysiall aaen w558 Yol @ e ddatll e 88805 dagll Alsyall 220
ARIMA zil sl 2023 Y 2019 e 85l P duball due & gy (<
Aty V) 2 il 8 Ly L) adll alasind o5 o(dlgn ISy e XU Jie 7 350)
paent plall paalil) alidly dmall L) Jlaa) @5 ) Jpasll Loy dunand) A<l 39
aiill o LSall cDlgatll sha) haly clal)l e cpelill Blal Lad gull & Jal
& Ol o Qllally gl il culSy L AbaY) Gulal) Clasg adie gl ) Jgeasl
t S i) e 2023 s 2019 e 85l
2023 () 2019 ¢y Ball B (M3 Sblall) (aalill Jaludl aaas cipaiall :(11) ady Jga>

slall Ao el Jalodl aladl Gaalill Lol
. Robust Robust
gisall |ARIMA| """ IMLME | ANN |ARIMA| "0 " | MLME | ANN

2019 8.0 8.1 7.8 7.5 329 | 329 | 318 | 321
2020 8.7 8.9 8.3 7.9 339 | 342 | 331 | 335
2021 9.5 9.8 9.0 8.4 35.0 | 35.7 | 343 | 346
2022 | 10.3 10.7 9.8 8.8 36.2 | 37.2 | 356 | 359
2023 | 11.2 11.8 10.6 9.2 376 | 388 | 371 | 37.3

Gross Written Premiums (Billion $)
50.0
45.0
40.0

35.0

2019 2020 2021 2022 2023

Arima Robust OLS MLME ANN

Year | ARIMA |Robust OLS| MLME ANN
2019 40.9 41.0 39.6 39.7
2020 42.6 43.1 41.4 41.3
2021 445 45,5 43.3 43.0
2022 46.5 47.9 454 447
2023 48.8 50.6 47.7 46.5

2023-2019 Agal) bludy) Alaa) :(8) ad; J<&
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2023-2019 (N33 Jhlally) caalil) Jaludl anay cfpaiill Ldallg Loall agand) :(12) ad) Jgan

Premiums Life Premiums Non-Life Gross ertten
Year Premiums

Min Max Min Max Min Max

Forecast| Forecast | Forecast | Forecast | Forecast | Forecast

2019 7.5 8.1 31.8 32.9 39.6 41.0
2020 7.9 8.9 33.1 34.2 41.3 431
2021 8.4 9.8 34.3 35.7 43.0 455
2022 8.8 10.7 35.6 37.2 44.7 47.9
2023 9.2 11.8 37.1 38.8 46.5 50.6

B ) Jae Al Joul) B Gaalil) Ao qullal) aaay i) Jagia 3(13) o Jgaa
(JYJA bl ﬁﬂ\) 2023 (A 2019 (s Byad)

2023 2022 2021 2020 2019 2yl
e | Ba | ale | Bla Ba | ale | Bla | ale | Bla
099 045|101 038|104 032|106 |0.26| 108 |0.21 A
0.89 1031|082 |0.27|076|025|0.70 | 0.22 | 0.65 | 0.20 | (upad
1.00 | 0.86 | 0.98 | 0.77 | 0.96 | 0.71 | 0.95 | 0.68 | 0.93 | 0.67 raa
1.09 | 0.07 | 1.01 | 0.09 | 0.94 | 0.10 | 0.88 | 0.11 | 0.81 | 0.12 o)
163|029 | 1.50 | 0.26 | 1.38 | 0.24 | 1.28 | 0.22 | 1.19 | 0.20 sl
1311092128 |082|125|0.73|121 065|117 | 0.58 Gl
3.29 | 3.29 | 3.10 | 3.00 | 292 | 2.74 | 275 | 249 | 258 | 2.29 | wad
161 | 0.26 | 1.47 | 0.24 | 1.33 | 0.22 | 1.21 | 0.20 | 1.09 | 0.19 Olas
4721019 | 430|017 | 3.94 | 015 | 359 | 0.14 | 3.28 | 0.12 kd
8.27 | 0.26 | 8.36 | 0.27 | 8.46 | 0.28 | 8.60 | 0.24 | 8.63 | 0.30 | Awgeudl
0.73 | 0.01 | 0.66 | 0.01 | 0.61 | 0.01 | 0.54 | 0.01 | 0.51 | 0.01 | Iagdl
0.89 | 0.28 | 0.85 | 0.26 | 0.81 | 0.24 | 0.78 | 0.22 | 0.74 | 0.21 g
11.36| 3.36 [10.94| 3.24 |10.52| 3.12 |10.16| 2.90 | 9.78 | 2.76 =)Ly
37.7810.5436.29| 9.79 |34.93| 9.11 |33.71| 8.35 [32.44| 7.86 | Jy) aze>
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Hlie Ly %22 ) Y YY ale 8 LlaY) Jlea) (e slad) ol Ll duss w0 adsi
YVA Bl %19
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Gsine dic cAuilian] Ao 53 il s Al aag (Granger A oY L,
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Jalsall aaen o %5 ANY (ggiue de dlias) AN @ld Llg)) ADle olla =
comall) Ao llally Auhall Lgled 1 2l dae LaiaY)
G5 die cduilan] Ao 53 il s AL aag (Granger A oY g
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pelil) o bl gl b o dlas] AN 3 (3958 aag AU dudapdl) - 3
b sinsall aaxia Alaliad) HEV) 3 = Jadll laadVl = Zael Judldl ;8 Al
dae b sl -
o (RMSE il g 2a0¥) Gylall il 483 0y las Aasey 398 a5 43l 1ol
Lt (S g dananll IS QIS dnanall (gl Slasyal 7 3latl Anpsy Golicad]
3 (398 29 axe il «Chi-square Jlas) ehabis . (5al cilye A<ual cuy 2313 e
Lopell) Jalaly gl et ) e Y1 Gyl G Adlan] AN

Zagfi\ Gl 5l 4By cym A3)Ral) :(14) a3y Jgaa

i 4miCal) Lyl Jlaa) | alad) oyl Jaludi
T agalll =
RMSE _ RMSE _
Univariate ARIMA 0.18220| CNI-s9. test ) e Chi-sg. test

p-value p-value

Robust OLS 0.18999 0.10024

Multi-level mixed effects |0.20825 0.11531
— 0.99998 0.9993

Artificial neural networks [0.19968 0.11493

:&luagil) (12
DSl ¢ asil) (s2lai®Y) saill B S he Ll W (el e lia daaiiy polaty alaia) .1
glaag dlgs J< AU Lo Lain¥)g dualaiBY ) Cag il aa (3il5T disels Cilaiiag Jalad
Ll Joail) (e BalinnsY)
il el cpalil) Ao Qllal) g 5 b 8i5al) alslally dalgall §yaionall dupall .2
A ) 8l dapd cdpaliiel e alglag Cagyla Aa gl Al clpshad A

~ellyy alall
Cilpise cilide dadeail Glld) ale Clie) slodg dflian) zilall aladiu) b augil) .3
i) 8 layskay gy cpalill ¢ Ua

L)y Adldly AalaidY) clpdgell AlelSie duje cilily s2eld ol e Jeall 4
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cealall Gaal

948




=] e [m]
Frtis]

Yo¥e gdgs — CIBN susdl — (¥Y) aloxd) = dssloctly U] Grgoed) dloeo

1A ad) aaall

—aialil) Lendl) e (llal) (alasil 8 5i5al) Jalgall .(2018) .5 ¢ (s Ll & g c(gglalil
30 ))3Y 15 &alaiY) aglel) dlaa .2015-2006 duibasll cpalill 350 8 ke Can
DOI: 10.26389/AJSRP.K161217 .44-21 ¢(2)2 «dusall

c():\hx;u) 2\43}:4.».\:3 2\:1\).{5.1 2\:\@1:3 2\.»:!)3251:\;]\ Qbﬂaiﬁ LA.:; &_M:J\ CHAdaa (2005) J ceSJ.u
il agle s alaiBY) aslell 4S (Apaind ()5hie drala

&8 2axiall sl sty Lol Z3ls aladin) (2014) .8 csame & o ia liagy
dplally Dbl Cigadl dlaa . eagmall Cpalill Bgu (B el o bl sl
436 — 416 ,(2)la3) LS — duranysy dasls

Gl 5i5al) Ligutl) Jalgall (2011) g ) g og cdieland & (s e g Siland
— dsrn Al dasls Ase Agead)l Al ALl Ayl Alead) Gl e
290_269 c(2)22 cz\:v\d\g\ (”)M‘

Lleal) (pali 35 ey adlgy o Aplasleall Linglei€s 51 (uld .(2012) . g .o cJladia
Ljlailly LI Gigad) Alae i) daalsy cplalall e dalae dulp 1 lasY),
664 — 625 ¢(2) slaill ZS — dmasygr dnals

Gily ehd Cligae (el (3 sl Jlaai¥) z3sa aladaul ((2013) L g a i
Agalall Cisall 8)lanll S Ao L Agagmad) Bonadls Ailane Ay 1 Ay ls Lleall els
.340-309 ¢(55)8)laall 4< — L gausd daals

@aiBY) gaill B 0)g09 dijgu (A ‘?’:m;td\ Gllall class .(2014) ) g g cchug
Ay (it daals solad¥) IS ¢ Ladadnlly slad¥l aud .<2012-1990>
dasladlly sla@Y) & jieale

949




do =l Jol e Bty pald] e Clball a5 § Okl Sousie dalisdl g3ledly duas)) OIS alasil
Laa i) el o ol yeall ws dlll doo .3 Wby Cadalll due dase 1

taziay) aa )l

Akhter, W., & Khan, S. U. (2017). Determinants of Takaful and conventional
insurance demand: A regional analysis. Cogent Economics Finance, 5(1),
1291150 .

Al-Rawashdeh, F. (2016). Determinates of Demand on Purchasing Insurance
Policies: Case of Jordan. International Review of Management Marketing,
6(4), 1094-1102 .

Baltagi, B. H. (2001). A companion to theoretical econometrics (Vol. 1): Wiley
Online Library.

Beck, T., & Webb, I. (2003). Economic, demographic, and institutional
determinants of life insurance consumption across countries. The World
Bank Economic Review, 17(1), 51-88 .

Beenstock, M., Dickinson, G., & Khajuria, S. (1988). The relationship between
property-liability insurance premiums and income: An international
analysis. The Journal of Risk and Insurance, 259-272 .

Browne, M. J., Chung, J., & Frees, E. (2000). International property-liability
insurance consumption. Journal of Risk and Insurance, 73-90 .

Celik, S., Kayali, M. M. J .P., & management, p. i. (2009). Determinants of
demand for life insurance in European countries. (7, Iss. 3), 32-37 .

Chow, G. (1960). Tests of equality between sets of coefficients in two linear

) regressions. Econometrica: Journal of the Econometric Society, 591-605 .

Curak, M., Dzaja, 1., & Pepur, S. (2013). The effect of social and demographic
factors on life insurance demand in Croatia. J International Journal of
Business Social Science, 4(9), 65-72 .

Dash, G. (2018). Determinants of Life Insurance Demand: Evidences From India.
Asia Pacific Journal of Advanced Business Social Studies, 4(2), 86-99 .

Dragos, S. L. (2014). Life and non-life insurance demand: the different effects of
influence factors in emerging countries from Europe and Asia. Economic
Research-Ekonomska Istrazivanja, 27(1), 169-180 .

Dragos, S. L., Mare, C., Dragota, I.-M., Dragos, C. M., & Muresan, G. M. (2017).
The nexus between the demand for life insurance and institutional factors
in Europe: new evidence from a panel data approach. Economic research-
Ekonomska istrazivanja, 30(1), 1477-1496 .

Enz, R. (2000). The S-curve relation between per-capita income and insurance
penetration. The Geneva Papers on Risk and Insurance, 25(3), 396-406 .

Esho, N., Kirievsky, A., Ward, D., & Zurbruegg, R. (2004). Law and the
determinants of property-casualty insurance. The Journal of Risk and
Insurance, 71(2), 265-283 .

Granger, C. W. J. (1969). Investigating Causal Relations by Econometric Models
and  Cross-spectral  Methods.  Econometrica, 37(3), 424-438.
d0i:10.2307/1912791

Im, K. S., Pesaran, M. H., & Shin, Y. J. J. 0. e. (2003). Testing for unit roots in
heterogeneous panels. 115(1), 53-74

Kao, Chinwa D. (1999). “Spurious Regression and Residual-Based Tests for
Cointegration in Panel Data,” Journal of Econometrics, 90, 1-44.

950



=] e [m]
Frtis]

Yo¥e gdgs — CIBN susdl — (¥Y) aloxd) = dssloctly U] Grgoed) dloeo

Koklar, R. (2014). PREDICTION OF THE INSURANCE INDUSTRY DEMAND
FOR A SPECIFIC MULTINATIONAL COMPANY. European Scientific
Journal, 10 .(V)

Kuan, C. M., & Liu, T. J. J. 0. a. e. (1995). Forecasting exchange rates using
feedforward and recurrent neural networks. 10(4), 347-364 .

Laurent, D., & Kivyiro, P. (2015). Macroeconomic and Demographic
Determinants of Demand of Life Insurance: A case of Kenya, Nigeria, and
South Africa. Chronicle of the Neville Wadia Institute of Management
Studies Research .

Levine, R. (1998). The legal environment, banks, and long-run economic growth.
Journal of Money, Credit and Banking, 596-613 .

Levine, R. (1999). Law, finance, and economic growth. Journal of financial
Intermediation, 8(1-2), 8-35 .

Li, D., Moshirian, F., Nguyen, P., & Wee, T. (2007). The demand for life insurance
in OECD countries. Journal of Risk Insurance, 74(3), 637-652 .

Nakata, H., & Sawada, Y. (2007). Demand for non-life insurance: A cross-country
analysis. CIRJE Working Paper F-46. Tokyo: Center for International
Research on the Japanese Economy, University of Tokyo .

Outreville. (1990). The economic significance of insurance markets in developing
countries. The Journal of Risk and Insurance, 487-498 .

Outreville. (1996). Life insurance markets in developing countries. The Journal of
Risk and Insurance, 263-278 .

Park, S. C., & Lemaire, J. (2012). The impact of culture on the demand for non-
life insurance. ASTIN Bulletin, 42(2), 501-527.
d0i:10.2143/AST.42.2.2182806

Pedroni, P. J. E. t. (2004). Panel cointegration: asymptotic and finite sample
properties of pooled time series tests with an application to the PPP
hypothesis. 20(3), 597-625

Thompson, W. A. (1962). The problem of negative estimates of variance
components. The Annals of Mathematical Statistics, 33(1), 273-289

Trinh, T., Nguyen, X., & Sgro, P. (2016). Determinants of non-life insurance
expenditure in developed and developing countries: an empirical
investigation. Applied Economics, 48(58), 5639-5653.
doi:10.1080/00036846.2016.1181834

Ward, D., & Zurbruegg, R. (2002). Law, politics and life insurance consumption
in Asia. the Geneva Papers on Risk and Insurance,, 27(3), 395-412 .

Wasow, B., & Hill, R. D. (1986). Determinants of insurance penetration: a cross-
country analysis. Insurance industry in economic development., 160-176 .

Zerriaa, M., Amiri, M. M., Noubbigh, H., & Naoui, K. (2017). Determinants of
life insurance demand in Tunisia. African Development Review, 29(1), 69-
80 .

Zerriaa, M., & Noubbigh, H. (2016). Determinants of life insurance demand in the
MENA region. The Geneva Papers on Risk Insurance-Issues Practice,
41(3), 491-511 .

951




