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The financial solvency and sustainability of insurance companies is widely
recognized as a fundamental cornerstone of financial system stability, given the central role insurers play in
risk transfer, loss absorption, and long-term capital allocation. Solvent insurance institutions contribute to
economic resilience by protecting policyholders, limiting contagion effects, and reinforcing trust in financial
markets. International experience, particularly during episodes of financial disstress and insurance market
disruptions, has shown that weaknesses in insurers’ financial soundness can propagate systemic risk, amplify
macroeconomic shocks, and undermine the effectiveness of regulatory frameworks. As a result, supervisory
authorities increasingly emphasize the development of early-warning mechanisms and analytical tools capable
of monitoring and forecasting insurers’ financial conditions in a timely and reliable manner. In this context,
identifying the determinants of insurers’ financial solvency and constructing empirically robust predictive
models have become key research priorities. While several internationally recognized frameworks—such as
Risk-Based Capital Systems, Solvency Il, and Financial Soundness Indicators—have been developed and applied
across advanced insurance markets, their empirical adaptation to emerging and developing insurance systems
remains limited. In Iran, despite the expansion of the insurance industry, increased private sector participation,
and greater product complexity, empirical studies that integrate global solvency frameworks with firm-level
domestic data are still relatively scarce. Accordingly, the primary objective of this study is to identify the key
financial factors influencing the solvency of Iranian insurance companies and to develop an analytical model for
predicting their financial condition based on internationally accepted financial soundness frameworks.

This study adopts a quantitative approach grounded in established international solvency
assessment methodologies. A comprehensive set of indicators was constructed using the CARAMELS
framework and Financial Soundness Indicators (FSls), capturing critical dimensions of insurers’ financial health,
including capital adequacy, asset quality, reinsurance structure, actuarial soundness, management efficiency,
profitability, liquidity, and sensitivity to risk. Financial data were extracted from the audited financial statements
of Iranian insurance companies over the study period and subjected to rigorous preprocessing procedures,
including data validation, standardization, normality assessment, and the mitigation of multicollinearity
among explanatory variables. Given the binary nature of the dependent variable indicating improvement or
deterioration in financial solvency, a logistic regression model was employed to estimate the probability of
maintaining adequate solvency. Model parameters were estimated using maximum likelihood techniques, and
model adequacy was evaluated through standard goodness-of-fit measures and classification performance
indicators. To assess the robustness and stability of the estimated relationships, a sensitivity analysis was
conducted by examining changes in coefficient estimates and predictive outcomes under alternative
specifications. This methodological design allows both explanatory insight into solvency drivers and practical
predictive capability for supervisory use.

The empirical results indicate that the estimated model demonstrates a strong predictive
performance and satisfactory explanatory power. The final specification achieves an overall prediction accuracy
of 84 percent, with a Pseudo R? value of 0.42, suggesting a substantial improvement over baseline models
and confirming the relevance of the selected financial soundness indicators. Capital adequacy variables
exhibit a positive and statistically significant relationship with financial solvency, highlighting the importance
of strong equity positions and sufficient capital buffers in enhancing insurers’ resilience. Profitability measures,
particularly return on assets (ROA), also show a significant positive effect on solvency, reflecting the role of
efficient asset utilization and sustainable earnings generation in supporting long-term financial stability.
Liquidity-related indicators similarly exert a positive influence, underscoring the importance of maintaining
adequate liquid resources to meet short-term obligations and absorb unexpected shocks. In contrast, variables
associated with insurance risk exposures such as outstanding claims reserves and policyholder-related liabilities
demonstrate statistically significant negative effects on solvency. These results suggest that excessive reserve
burdens and growing insurance liabilities can materially weaken insurers’ financial positions if not properly
managed. The sensitivity analysis confirms the stability of the estimated coefficients, as both the direction and
relative magnitude of key effects remain consistent across alternative model specifications.

The findings of this study indicate that capital strength, profitability, and effective liquidity
management are central determinants of financial solvency in the Iranian insurance industry, while insufficient
control of insurance-related liabilities poses a significant risk to financial stability. By integrating internationally
recognized financial soundness frameworks with localized firm-level data, this research provides a practical
and analytically robust model for monitoring and forecasting insurers’ financial conditions. The proposed
approach offers valuable implications for regulatory authorities seeking to strengthen early-warning systems,
for insurance company managers engaged in strategic financial planning, and for policymakers aiming to
enhance the resilience and stability of the national insurance system. Overall, the study demonstrates that
internationally established solvency assessment frameworks can be effectively adapted to emerging insurance
markets when combined with appropriate econometric techniques and context-specific data. The results
provide a solid empirical foundation for future research and for the development of more advanced, data-
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driven solvency monitoring tools in the insurance industry.
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Table 1. Financial health indicators
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ratio 8 Capital gl s 0, IMF, IAIS, FHSI
ratio 9 Capital wlopw (Al 0, IMF, IAIS, FHSI

ratio 10 Capital 3k 9550 83y [ S5lE 53 s IMF, IAIS, FHSI
ratio 11 Asset J5 slaolls [(@ldlas + Jas! b pé algas + Sl CARAMEL

ratio 12 Asset IS sleslyls 1S IMF, AIS, FHSI
ratio 13 Asset alo s /S| IMF, IAIS, FHSI
ratio 14 Asset I sl ol (o, slaply + SO IMF, IAIS, FHSI
ratio 15 Asset I sl ol ISL G po bosd pw S Tas IMF, 1AIS, FHSI
ratio 16 Asset IS slo olyls (e l3S alo yus + laply + 3d5 ax5) IMF, 1AIS, FHSI
ratio 17 Asset (@515 sl + oAl 8,0l dan3>) [ollae CARAMEL

ratio 18 Asset Al o /Sllas IMF, IAIS, EHSI
ratio 19 Asset IS sla ol (9,3 > Slllas + Laply o (g5l e (5,105 AL pus IMF, 1AIS, FHSI
ratio 20 Asset Sllas gaame /9, 4+> Sllas IMF, 1AIS, FHSI
ratio 21 Asset IS e slyls fplges CARAMEL

ratio 22 Asset AL slaely ggome [yl e slagly CARAMEL

ratio 23 Asset I sl ol I blie Byl S o (g laSale ju iSTas IMF, IAIS, FHSI
ratio 24 Asset F o/ bl &b S 5l alilas iSTas IMF, 1AIS, FHSI
ratio 25 Asset alo o [litie jo LallB Slls Condge IMF, IAIS, FHSI
ratio 26 Asset alopos [0lilin jo LallB B0y Codge IMF, IAIS, FHSI
ratio 27 Asset &5 bl @isd lacs JiSasle s IMF, IAIS, FHSI
ratio 28 Asset Sl g e S ale IMF, IAIS, FHSI
ratio 29 Asset bt qj55 s S alo pus IMF, IAIS, FHSI
ratio 30 Reinsurance Sy IS s CARAMEL

ratio 31 Reinsurance oyolo oISl Ao I(SISS] gmmneS + SL5L) IMF, IAIS, FHSI
ratio 32 Reinsurance Wlo o [ Sy ;) S b agzlge iSTos IMF, IAIS, FHSI
ratio 33 Reinsurance oy [olang, SO b agzlge jiSTos IMF, IAIS, FHSI
ratio 34 Reinsurance DA danr | IS5 S 4 (5,081 aSTlas IMF, IAIS, FHSI
ratio 35 Actuarial JLo ¥ B, Ojls Sk [ jalls O jlus 55 CARAMEL

ratio 36 Actuarial Jlo ¥ @l danis (ube /pals (6 58 CARAMEL

ratio 37 Actuarial aloyu [als & ls 153 IMEF, IAIS, FHSI
ratio 38 Actuarial o )l dxwgs IMF, IAIS, FHSI
ratio 39 Actuarial (A y o ) Gindgy o glodlls ) o595 IMF, IAIS, FHSI
ratio 40 Actuarial lars, oldla> a9 IMF, IAIS, FHSI
ratio 41 Actuarial loards, oiso a6 IMF, IAIS, FHSI
ratio 42 Actuarial ooy by €516 S e 29 IMF, IAIS, FHSI
ratio 43 Actuarial Saails 5y 7 15 S dews (29, IMF, IAIS, FHSI
ratio 44 Management a5 5o shlay Al den> CARAMEL

YOA



o coodles slaasls Voo
Table 1. Financial health indicators

oS Gadiws o>l Glaie )
ratio 45 Management e )5 5o sl o ol ls CARAMEL
ratio 46 Management oA dapg | Slles slaas 3o IMF, IAIS, FHSI
ratio 47 Management oAE depg [ diw y sloas s IMF, IAIS, FHSI
ratio 48 Management A dep@> 0, IMF, 1AIS, FHSI
ratio 49 Management 0 0lo dap g 0, IMF, IAIS, FHSI
ratio 50 Management I sl ol ais, IMF, 1AIS, FHSI
ratio 51 Management Oy Cod Sy S5l dan 3> IMF, 1AIS, FHSI
ratio 52 Management odolidon slaws [ jalls dop 3> IMF, IAIS, FHSI
ratio 53 Management bl als IMF, IAIS, FHSI
ratio 54 Management [ KPRV IMF, IAIS, FHSI
ratio 55 Management opde S oS S IMF, 1AIS, FHSI
ratio 56 Earnings OHles oo CARAMEL
ratio 57 Earnings A o jls el IMF, 1AIS, FHSI
ratio 58 Earnings a1 S CARAMEL
ratio 59 Earnings S P S CARAMEL
ratio 60 Earnings &Sl pu el o s CARAMEL
ratio 61 Earnings Slbes cons IMF, IAIS, FHSI
ratio 62 Earnings 539199 Connd IMEF, 1AIS, FHSI
ratio 63 Earnings el 033 IMF, IAIS, FHSI
ratio 64 Earnings 9 B3 28 pled s Ml CARAMEL
ratio 65 Earnings U | Ep S K P PP CARAMEL
ratio 66 Earnings &l Al 5 S ale s 0330 IMF, IAIS, FHSI
ratio 67 Earnings ROE CARAMEL
ratio 68 Earnings Aie)lS o il Sgu IMF, 1AIS, FHSI
ratio 69 Earnings ROA IMF, 1AIS, FHSI
ratio 70 Earnings Jlos gl (85350 00,135y | siiie slodsbass IMF, IAIS, FHSI
ratio 71 Earnings Gy oyl L e IMF, 1AIS, FHSI
ratio 72 Earnings Aol y0 4 Ceasd IMF, 1AIS, FHSI
ratio 73 Earnings A A 4 Cwd Cus IMF, IAIS, FHSI
ratio 74 Liquidity S slaan [guis sla ol o CARAMEL
ratio 75 Liquidity o oy ggeme [(5adi slo o)l IMF, 1AIS, FHSI
ratio 76 Liquidity I sl lsuss sla olls IMF, IAIS, FHSI
ratio 77 Liquidity o 2y ggaze 5ok slo o IMF, IAIS, FHSI
ratio 78 Liquidity oy /all> 6550 5L Cuxdse CARAMEL
ratio 79 Liquiditiy;gSensitiv Lo e oo g legen CARAMEL

Al slasSIl S,o 5 CARAMELS aile lacsz oz 5o
Ol 05,08 g 05 ls S iy sdle cailaidl drwgy Jlo cuodls
oy SB s 3 WS i 1) Ol slocn; 5 ()05
ol Slool o (Jds er 4 S plols b o Slgs
Slaza glaylil lyear Jbo cdls slagasls I caagh
258 0 03liinl (slasy slasle Jo 5)lnly Gk o plimss;
2R ol p egn ol estde csziler oilel il

Yo4

Sl (S o (6,50l55 slacas 4 Bpo SIS Glate ol )
oS 1 s Carndg s sl wges lulids oISl
S5l dgaze |y don
sl plejea (e bl e lagasls (Jlie o
(Sxglog dmglls CuhS loye CliS amen o5t
Pkl g Faalr 6 ppal daocSn ;b agzlse i 5 (Sigbois
S basls oyl WS o @) dan LS, b Conds



300 kS 5 IS oy JalS S Sl Laasls e gls 5
ol lgicay ANUMHY ooman (goue 8 polie .ol ol
5Ll ' S9S Lasla 5l oolaiwl b oy polie 5 olulid soied
Jaexel (5,135 31 Dope 2 S solie il olulis e,
Glp al G5leSL baze bools g Bis Cuwlus Judos o
605 3l oolainl b dinsg (slo pusiin solod o piie (g5l ulidoen
B> Jow mls p bebde LS 516 wals o laslinl [Las

(2,5 ool il e sl i) 52

S

X salin sl J it sadosalie Juke X, ol o oS
& ;st‘.L“):t-;‘;* &5‘):‘ - QT )L:-’“ ‘-"")”‘-"‘ S_/ 9 ] s u—‘i’u
gty ooy o il Jlo g 5 agald Sl bl a8
sign()log (1+] x 1) ylocadle oo 69,150 1o 9 log(1+x)
b Gl caly b g Sl @i B ed, S 4

ol (eos Gl e hressir Copoe sl
(o 35 85 (550,05 Al (gun ey (S s 5ilo
e 99 o1 51 (S0 ety oo 13 HAD Bl e I ke 53 oy
oA LE G A oo Bl (S D08 g (6l Soeal el
b 9925 516 o dsloee it poled (sl Tmil s 98
L Gi> 0 5 YL VIF L glapiie 093 Lol loabl ol
Sl gl 5l Glaebl sl el oS 5 alie gla i b
L2 5 (oY) L1 sloaey > L ondplare comrY slaJoe o picte
2 e @l e wizpp sl 2] JoSe )90k 5 (@)
S8 G S Y (ygem )

O3S 5 g,y Sleslawl b Lol Jow daosls (g5lwoslel 51 s
esie &S Cowl 1 g, ol Ol o an sl TS
Al g Sl (So g o) (Hlogs Conle hils (hags aly
&S SH3ey RO bedy LulalS 1 b (6,5l S > gz
Rl 8 890 4y Lo 00l g 12 855 50 550 Jlo (6 Kl
bl el Sge 09 ) plp atily pste e el sl
(OLS) SodlS s clo Joto aSbouT3) .consl oy a8 8 L o
83k 5o e Jloizl polie (coniion & 08 alid e o
b e il b a5 Send Jow 1 sslaad wiecs [+,
25 Eygeds Joe Ll Lol (55950 0,5 0,15 @ 1) St
Dyl go iy 2

1

P(Zi=1lx)=m = T
_(B0+Zj=1 Bjxij)

1+e

Fbo X5 s 585 Ji>| P(Z,=1) 4k, o) 5o
1 Cook’s Distance

2 VIF
3 Logit Regression

Y5

Al oo Jbo codle oozl jo Olynss a5 cwl lgal
Sl N5 ST Sl oniin 5 Pl slorie Slyea
S o alis «0,55s, oyl )0 a8 s 1) den sbeS i
5 JoSo i oSl shom Jlo 5,805 Jre iRl o
e ls cpl jleolaiwl coud ooy aiiS ooyl oasms loie oo
Ol (b S8 S9n 4 Wl o0 (St ladoe
Pl (o5 51 alidl g (s e 6 S el S5 Jle 5,515
Dgd e Ay Caxko 50 Sy (e Dyl

Glooasls I (K lyedr dan glocs s Jb oSl
S, b agzlye ;o &850 Giloju Colis Sl o 5,5 Lol
A 5o Vgere 5 Conl o (ST Slagas il Gl g eadazsndy
Cotle ol syt S paiia Slid b gsho
bawe (a3ls cpl &5 29800 com Jbo N5 Slalxe
e WL o] i 5wl 4l i Condy saimaclisl
o5 ST beS s Jb o8les o oyltle glacins 5,
St slegasls leslinal agd » o5l Slasl g0l
o Candy ogsta b chons sloaliss glgey Lol jslineny
N oSt das slos o

lassl p e Jlo ol slaatlls ooz oz ool 5o
ColiS aman olal gy b CARAMELS 9> (clonisaslis
@ Sl 5 (Saghals (5 ys5logm do ol cuaS le
Gl byl o ey lada bl plycar dasin,
o Ll 3l osliial 515 (sline o 2 bae 5] Fiany Lo
28 el Sty ¢ (e )85 3,509, 5 plim3g) sl & LS
Gl S5 b codles ;5 &l a5 el gl o8 ol
ol losalie BB (o (6 S5 (o) sloiins ;o oSSl 5]
sl piie Ol Jlo dlo Gla sl (gl cnl 5o (ol
el 0 48 15 5 e (6 S5 S i 5 5o

SR S MRy Bas 4 dx i b oulidhy) Shle sl
Jo jl el i gl Copnle 5 o (5,Sl3 Cundy Ol e
03 7S ysboy ke Cpal el 0t sl Smnzdd ygum 5
35910 Ol g 35,000, )l 5 Jbo gylel sladudss o
Slo s bl 1y o (6,55 Comdy 3 5o 5By JLaio!
58 5l Stz (g 5 mizmed Sl oo pal B Jlo el
Ol @l 5 ol 155 (crmslio Gy el 5 (SuROp055
S G S pread 5 oains s by Jlod slie Wl o0
Sl APl oS e St 305 )8 dem Caio 13 (S e s
2 K g e 297,z oSt (6 lel Joe b Jlo codls
Gl Dl i Sl sy SLSGhe) 5 6, Sl
5100 ool B day glacS 8 b

Sb slayse 5l cxiine gl asls 4 bgw sleosls
VY BN Jlo 5l oogas fow &S 05 YO sud o il
polae oled dmosls oo I licabsl jolateay ol gl sl
o Nl ooly Gadat g o)lg Jaie wlid IS g0 Jawgs L g0



(P3P US55 Gilweslel ol ales sl 5l e
b 6Nl st e Gmoie ol @l Sead e
10 355l 05 Doy (o= hals V=53

1
1+ exp [_ (,80 + ZJESﬁIX”>:|

Pr(Y;=1|X;)=

5,5 anb 1) Joo IS s lobis (LR) sleicon ;o o (3903
Cowd 4 042 plp 0BSe R? as (7 =118.6,p < 0.001)
glie) _yousla yg03] sl Joo camlin b3l 80ams ylis a5 ol
g oddoddlice polie ol (glolias Gglay a5 ol olid 5
Oyl S nlple (p=0.47) o) 297y edd iy
el s B e

@ bl has @lp 7=0505 Los o5y Sbwl b
Wy o & @bl slepasls (V) cez

Accuracy 84/. e

0.84 Sensitivity/TPR e

0.83 Specificity/TNR e
0.91 ROC (AUC)
o @Vl S 08 5 Jae wasee olis ) loges

ool 093 6 NlE LmalS g ol W) b glaes o
o lair! Liducals, Gl 56 Y lsse o (AUC=0.91)
a3 ge olis |y (Bly £989 &5 b o im

sl Jl cez wpsln @l 5 6l Gle & WL
35 e s ) 0550 B3 g oste Jao b 518
(g ol bl ) 1 s 1y o

2 oblee g cuie S o Nly baSeusis gla Sl e
Pr(Y =1)

OR =129 S ol 4 all 54>

OR=~1.34 Lllboesibe

OR ~138 olls JS & a5 olls cari @

OR~1.22 b 555 JS 4 o li8ale s + 0 gl s @

30 G, YALYY 0, b becas cpl jo axly S iulial
G oS (65l b g el ol o (6 Sl Sgge il
Sl aST (Fuighadi g ol o5 wlew colss

2l g e S Sl S eas gla il e
Pr(Y =0)

Sllle Gsi> @ IS mew Gome )l plBS @
' OR ~0.67

OR ~0.71 &yl oy, ®

OR=0.76 o0 5 4 Banla/oli8aen 4 20y @

\td

ol lre B s T 5l 22 B ool I oaaline gl
Gilwainios sy b Jow gla el b asis s slo e
)_,) Sy 4 4_‘99;).4 ‘_;’LQJW)\) @L’ R .))5‘].: \&l.oéw-l)\)

]

L (ﬂ) = Hﬂiz' (1- ﬂi)(lizi)
i=l1
Dad oo Ay p) O ygods (pleiun ;o 0B &b g

(p) :i[Zilog(ﬂi)+(l—Zi)log(l—ﬂi)]

i=l

ange polie f colis 4 s o] et b a5

5 Jow Como ) Glinebl Jaax jekiteds el Caws @ o gl )b

Vo) Uisgel it g0 4 Bolal & jgods besls wulys ol

ablite e lacl 5l g wiod pands (0o, Y0) 9051 9 (G0

ST PN IR W oolazw! J».\.a Lg)L\.lL‘f‘ L;?Li})‘ ‘_g‘ﬁ (k=10) L.S"hk

oo Jlato! BT polie s i3l s Jloiol 5 sbaion
oo palb @ azg L

J =TPR-FPR

Olyel o g yhe polie @jei 45 (63)lge )3 b el
425 990 ool 5l suzme (65 aiged b g LIS (8303355 s
oz 3 Gl sl asls 5l ool b Joo oLl5 28,8 )3
3 Ty 3 Cembas Tpmien; Colin i 280
Blel £ oalicse R ans ale 35l slasasls ol pepdle o
ol apalme 5 ilial jela g9e3T 5 (alaicas,s o 8
OR, =" Sppons yite 2" Gulls Sl il s sl
Z =1 g68g Jlaixl o i liee saumolis a5 ol 4wl
il OISl omen ol X piie )0 sl axly S5 il
W dslre 5 O jg0y pitie 1 sl 5eSike

Saseite ol 2l S ol AME, =3 (1) )
(P ssbar il 3 asphe Jae il 550 S o salS
G L Slbes L5 5 b alls eajl ¢ Sopall Cod o (al38l
S 58 ial38l a8 S 30 w00gs ol jor Jbo (5,555 05y Jlaiz
Sl Jlozol pr hie 3l (sl Slilugi 5 s S 0,
S 5 6ol e b oS ol ool anils Jlo o Sl
Python jl38le i b Slaulore (colad 0o Slosom (i sloimgs
A5 plodl scikit-learn ¢ stats models oaass gbbailbuls

1 Maximum Likelihood Estimation
2 Cutoff Probability

3 Accuracy

4 ROC (AUC)

5 Sensitivity

6 McFadden Pseudo-R?

7 Hosmer—Lemeshow

8 0Odds Ratio

9 Average Marginal Effects



1.0t
0.8}
0.6
o
B
0.4}
0.2}
0.0 AUC = 0.91
0.0 0.2 0.4 0.6 0.8 1.0
FPR
ROC curve .\ lsges
Fig. 1. ROC curve
1.0t
0.8}
0.6f
0.4F
0.2f
0.0f
0.0 0.2 0.4 0.6 0.8 1.0
oddi ey 5ol b osdonaline 939 &5 ygmmsl S Y loged
Fig. 2. Calibration of observed occurrence rate with predicted mean
0 dloe Snd ali Sy TV BT O b K5 e Jlio lagasls (ol (134
Sy JyS s Slagas jlad 5l S5k raes o (oS ds s
oP awolisS | SKsais &l olbe il g (gldew
“ - pxpP(1-P) & °fg§-.. bl a5 slass
ax,- Lg‘y‘dwwel?u‘OR:e’w)‘Mw‘roM

A Rl B 50 (Fix Olpds & s o Gl Ghine
e S G 03 o0 et 1, Sl Gl Jlexa Gl
G 5 ab oy (Yl 5 ol i) JLaio il s 4o
Sl e B3> b s cins 6l 53 098wl b ad g
sl asli o yusi gools o3l |.>..\m Bl & jpods gulls
Jud s s b, Pseudo R% AIC. Accuracy o3,
9 65 OLUALI b oaiss ol p col o Sqa a8 ol ylis ol
(P Hebay il 55l ey sesthe Joe
) ghls oosl «x2) JS alhls 4 Al Gei> s @

Yoy

O3l el Xy 5o Galilasly o L (e OR =1.34 (aiged
RYWPUSLREIA | gRYRCS (P/(I—P)) & ,lgs
@l slhil ) Glaebl 5 Jao (Ggy0 slael b)) ekt
Jae alps 59, p Camle Jlow (sl Gl b os)L]
il G s el ) Ban s ol S
2stie 2oy (2b)l eizmed g ools jo Sim Bl ki 4 o
By don SIS L0 b (6Kl juite o ]
2ol @l B X Jits slapsie 51 Soye lp
G 5l eolaal L (p(zz1)) S Sl malidl Jlans



Floas 5 caodle plwlee i)l 1) dey gles s Jb
WS o ol ke ol Uanl b (Siuais g 003l cglo o slo piis
el o 5Ky Gl i badlge oul 3 Spmge <
Slagas 5 by )l b e sloasly il 45 Jlo s
ol Pl a5 gn Gl 1, 6 ens Jlao gne
(Rl sl ae 5 dame S ased ol Jolod )0 @l
g renlyl il Jaw (b0 lasl g bzplicul g lal samsylis
4 S L Ghagn soleiinn w92k &5 ©8F ant iy
5 oot slel oy (Stodd 0515 5 (Il s gl as L
plm0g) ot g ot il lereas solaul gl oY (g k]

el doy sS Lo o 6,55 Sb,l 0

Gl $ XNy Dl G g Gt GRegn ol Sae
Joe 5 Jb cdle o amls 1 eolawl b day gloes i
15,5 5 oite ot «ulol ol 9er St (ygmms S
FSIs 3 CARAMELS 1y MJlyw ixe slbosx bz )
Ll Joo 0 (rdgi o pite ploieds 5 Giluong gl
Cuz Sle g b e (29390 Djgeds dlaly piie ud
8y99 o 50 (¢ = Gials ) = (ilh) sl Jb oSl s
shFpe Sy daosls ilesSly Jolie plnil 5l G g Sl
Al g, 5l eslainl b S Jow oS &lwoolel g
A 0,591 oleicn )

Sl lolins g Lol Hlas 51 IS Jow a5 ols lis o)1 5 gl
Gl 10,55 13 cmlin (s 508 51 5 (X% = 118.6, p < 0.001)
g oy 84 Ll Joo L <o (Pseudo R? = 0.42)
sasesylis a5 sl Cuws 400.91 Jolee ROC JEEC SO It WO
2l g ciali8l wg, sl e i S8 o Jaw YL olgs
Setzd Joo a5 el 1 51 S mls opl cal Jbo 5, 5lg
501 Joad B o ,Shos (i 5 slel Jhie 5l oadioloal
Sgd oolaiwl pllimagy Jlaia Il lgicdy wilgs o

L s e gle e a5 olo lias il Cond 5 ol o Judos
G5 Sgee yd oS asl 285 o oS 5 aleye JlSLs
o33k o ST al)ls a4 AlsUle §ad> Cod ¢ atine jeboay il Jbe
§ (St e g b olls S @ 0 glo ol cos o S )ls
Sgetr Jloim! 2 (g lobire 5 e il (8 n133 4 lags IS ale
CARAMELS Jow 5,k Sl b baadly ol .oczsls Jbe o, Silgs
45 a2 oo HLiS g 00gr Ll e (Siuaks 5 dyle yus culaS ool g
S 7o (e B2l G Co e g aloyw Ll o sl
i day sloeS i Jb (6 ,Kle5 s9upn

SN ot By Dyl B3 g7men ol jeaie ( Jlae )
Ol e 4 (o Sl 9 S)leS o po WL Goi> 4
Syt JLoil p (5ylsline 5 Ghie Sl an J5 4 pBanle
Sla Slages lad Silo b i ol ol las e o Sl

Y&y

J.:l C;‘)“) J..\.o 6me PLoS 5 (X13) LS'»‘»‘)‘Q Jf VRNV LS'»‘»‘)‘Q 9
Son Jletl al 3l a4 s cnl Rl wisg il g cote
ColiS & 5 (5 jgmedilo s Blate b oSl j2e Jleo (6,5l
Sl 6,55 ale

(a7) &8 pl3d JS 4 (gl ake s 5 OB (65750 Cons
e opl cadls Jloliae 5 cae b lagy b sles 4o 5
5 Sel Glony Slagas Sl 0 &858 (Kadi plys sasmsobijl
el G g% (6 s oS00l ] e S

o rd 5 () Alslle 3si> 4 Ggre Oyl plBS (Jlks o0 @
ol Gmlidlaisls lias caie Sl lagy e eled jo (Xo) &l
L ite 5 ol 2 meon Yl |y (6,055l JLozo i
el ey Sy Sy e s g Jbe [l Sl

(Xa) o JS @ Banle g oliSaen 4 o0 Cas @
G i b a5 ccily e Sl 50l Glo o aled jo 5
] )lf)Lw g_a.)..ool;; A_J‘J.Q.x.) 9 ‘;.\)d&: u’iwlj

el Gl cdlo an (o Jow g )lul 25! @l

Yl e L sl e i -

osls ay Bolas g5 9530 -

Slaslie 7A« 51 SBolal sase (6,5 digai -

eid g Wl ol goldS ulps e Wl A o o
9 &olul sauaslis a5 og Y. 5l yieS Pseudo R? olie )0
el Jae a8

Gl jloline (g5lel Has 51 ST Jaw a5 ol olis Jow gl
N9y95 5 (emilie i 5508 51 5 (% = 118.6, p < 0.001)
Cardy (o 5 Jde (IS s (Pseudo R? = 0.42) el
Cewd 43 0.91 1 ROC ovisyy ol 5847 Jbo (o,lss
shlo slecs o SSE 0 Jow Vb olgs sasasylis a5 wwl
el Jlo 6,5y cials § Laoli3l g

003 531y Jow a5 ols LS Comlis Julos =l (g gamme 4o
o oz U comstin 531 oSl w6 T s 5] s
Syl Slezes Jbo Sy o pae Slasl g CARAMELS (g s
slgals i fl g (Koo g o35k cale o sl it Coe il
ol Joo 55 2ly) 2 saml e s o)l

S0 g aloyw b lad e glacans GilEl s ol 4
sl Gulpl S Jlys weloe 6Kl See w2 ge
oI 6Nl ands il Ggre slapos g Slaeny S
Shel 5l Jow a8 aeo oo plad oy gl Gl ol ows e
Wl oo g Sl loye5 5 YL (Construct Validity)  esgie
s o Jb codle b)) @lp K61 LB dow 1yl olsasa
.)5.‘4: oolau! Ao

S wes o plis Sced Jos 3,90 =l Eaeme o
W loliae glel a5l s e cedhs cotie slo sl
SRl DS Sz e Ol 8 S g Silate Sl asly



ol plml &y 095 sole slaiolom L aS da 0uSingh
aS Gl Kan 5 boolgls 5l coles jo .ain S w2l 1) iogh
Ao pl JoSS 5 3 e 0 1) Lo e Glotiy 5 5y9m0 b

olay Alas cpl jlasl ogas )0 a5 Wls co el (Bain g
8 p aloz 5l (WS Slegdge (plpodle ol s>y adlie
sazme Jloyl g jLal dmosls Jax lidjegu cailalST cols ) ¢ 2ol
Soman Ghed 5l oslatul LS 55 alome Sl (rizen 5 5,50
Lol oal Sale) B ais S9 )l

odlims s cood i 131 20260 ()osivnsi Suly oS
wolaxwl &5>1 CC BY 4 Creative Commons Attribution 4.0
Ly B oy 5o 531, 355 5 g5 o olsiBl s 35S
Sleesd 58 & byte 5 CC Some @y (o s 3:85 8926 @9
g8 10 7 50 0aloly jozme sliwl 4y g plilils go Allias jo Jlei>|
e ol ) e Koo b clels )l g abin e ppgbias o &l i
Slael gl jo aSl Ko g 0ailxiS jezme cpl yo Wb dllie )
OO TS Dygeo 4 Al el Lasie (6,50 JK 4 dlas
@ pile odiangs (398 sozme 5l 51 loslinul b eandioly Cllas
Sl CIB ases 5l (6,0 pasus 35 jemme il yo

Creative Commons o jeome bomlice jslatea
gl anxl e 3 Slis & Attribution 4.0

http://creativecommons.org/licenses/by/4.0

wutso‘;bd)b@ow LSLQM

s SSINGLIOTN) £ 0l 105 g p ehd )982 S 925y
i Joe 1 00liial b oy 08,5 Jlo (5,5 Jaion sy
Co ke Syl Sl dg SBES 15 (65,50 axlllae umY
https://doi.org/10.22051/ .Y-Y-\AV (%)) o
jfm.2020.33318.2422

OFF) ¢ ool 9 op QAU (b g colym S o) ( ydo
38 5,505, 5l eolaiwl b ey sloes i Jbo (Sls Jow
VPV (M) T otwoladd] g ildie s i3l SYslee g (531
https://jem.semnan.ac.ir/article_8717.html .Y -4

dow Olaie Jo Cdlo bjy) Jao (VFoF) o Slso3

Ol el ez s dem Lmagy 2)5]

\ai

A DdoolieS  Kiyadi slacusgass g (gldam Sy, Sl
Das o gl b o Sly ama Jlasl byl il g
S e 9 55975 sladial B osne (o Syl 7S g 0l

Bed e Do Gl e (b g luly Sl Sl e can
Bi>) b slag jlw ;o g 009 ol ool &l sl o
et (G5 8gdsl g (Bolad g 998 chdea le it
el g sospe 2l Sl (Jlo codls 6,5 Coz ez b
WS ol Lmgh slaatily gemme 10 ol Joo YL Sg,0
5 b slalpl Gl wilgioo Jlo cdl slaatls o5
s 4 Jbo 685 (b g (Gt 50 S P (M SN

) sasin gla i (Boi s 1 S @lie cpl ()55 )0
Oers |y Jde (13905 5 o o Slallas (55l mes ailaiisls ouge 5
OES18 8 ool plomil (25158 JL 3 g S0 8 ()l e G0 B
2ok o lulinl Cule; 5 g waz ez S5 Codsiens
Orzed g aal i (2lh) 5 (bl (o) el B oge 1,
5 S0 Gl el 039 (08 (e bige (5 S At
Ol o g dilosls ploxil tgh Slosl 5 385 559,0 2515 L,
el 03,5 905 | (S35lge 5 g She) 5 G108

aS ool,8l oled 5l auls oo p3Y 095 dllie (pl B anns

S8 dleras wisyS )b 1) L reghy ool plsl wilys o
5 dierdyyl ol B L a5 Slaass 5 bl s
GRRoR (nl CedS 2 0 (ot BB oele slagleial,
Gl 5o GBAS eS8 (ooled 5l mizmed oKl s ST
o1 Y seeols wilBole o 5en 5 8y Bro b oS adlas
S o0 (1908 eizmed IS oy ;S sly I3 Lo LS

https://en.centinsur.ir/_douranportal/usersfiles/h.
akhoundi_YY-Y/documents/7ZDAZAF/ZDAZBYZDAZAV/
DAZB\/ZDAZBL /Y- /ZDA/BE/ZDAZAN/DA/ZANZDYLAV
DAY B¢ ZDB/AC.pdf
St G OFN) ] o sz S0 5 o ol cp (5os3
slogadls e day sl d o 65 i
5 b pinled mats 5 Con Ll yisS dlial e iy
https://civilica. arwg 5 aen Ml Gioled podo
com/doc/1770260
o )il o JBL ol 0 (VYD) & Glunj g ep (Sl 2
IRIS sla sl 63,50 aelllao 1, Toos [ la sl solizal



dogy oS b (Jo (6,551g Ol ks

Gialed (ot 5 she Gialan (rag § Sy [ il S ]
https://civilica.com/doc/825816 .aswss g 4cw Ml
o 35Shee il OVAF) o bl m s phidd 5 op Sl s3
sle (a3lo jleslinnl b ol cowie slo SSb g 45, 5
olmediz pSpeeal b9 9 CAMEL (ganas) i
YOV () (Kl 5 S Copdo drwyi dolilas SAW
https://civilica.com/doc/629234
oS s (WWAA) L lias 5 g s ool g plalin IS
2 slopiagy alline Jbo 5 X8)15 olulid ;o ogm
https://civilica.com/ XYY (O s ol
doc/872397
A.M. Best. (2018). Best’s Capital Adequacy Ratio
(BCAR) Methodology. Retrieved June 19, 2025,
from  https://assets.lloyds.com/media-651c0e64-
c1d0-4f97-90f7-883c69fe2ef2/b1f8ad10-0853-
4c05-84c0-5132cfaafef6/85202_Report.pdf
Baranoff, E. G., & Sager, T. W. (2002). The re-
lations among asset risk, product risk, and
capital in the life insurance industry. Jour-
nal of Banking & Finance, 26(6), 1181-1197.
https://doi.org/10.1016/50378-4266(01)00166-2
Beneish, M. D. (1999). The detection of earnings ma-
nipulation. Financial Analysts Journal, 55(5), 24-36.
https://www.tandfonline.com/doi/abs/10.2469/
faj.v55.n5.2296
Browne, M. J.,, & Hoyt, R. E. (1995). Economic and
market predictors of insolvencies in the U.S.
property—liability  insurance  industry.  Jour-
nal of Risk and Insurance, 62(2), 309-327.
https://doi.org/10.2307/253794
Chen, R., & Wong, K. A. (2004). The determinants of
financial health of Asian insurance companies. Jour-
nal of Risk and Insurance, 71(3), 469—-499. https://
doi.org/10.1111/j.0022-4367.2004.00099.x
Cummins, J. D., & Weiss, M. A. (2014). Systemic risk and
the U.S. insurance sector. Journal of Risk and Insur-
ance, 81(3), 489-528. https://doi.org/10.1111/
jori.12039
Das, U. S., Podpiera, R., & Davies, N. (2003). Insurance
and Issues in Financial Soundness, IMF Working
Paper WP/03/138. International MonetaryFund.
https://ideas.repec.org/p/imf/imfwpa/2003-138.
html
EIOPA.(2014).GuidelinesontheSystemofGovernanceun-
der Solvency Il. European Insurance and Occupation-
al Pensions Authority. Retrieved May 21, 2025, from
https://www.eiopa.europa.eu/publications/guide-
lines-system-governance-under-solvency-ii_en
Eling, M., & Schmeiser, H. (2010). Insurance and
the credit crisis: Impact and ten consequenc-
es for risk management and supervision. Ge-
neva Papers on Risk and Insurance, 35, 9-34.
https://link.springer.com/article/10.1057/
gpp.2009.39
Eling, M., & Schmeiser, H. (2010). Insurance and the

Y&

credit crisis: Impact and ten consequences for risk
management and supervision. Geneva Papers on
Risk and Insurance — Issues and Practice, 35(1),
9-34. https://doi.org/10.1057/gpp.2009.39

European Union. (2009). Directive 2009/138/EC of the
European Parliament and of the Council (Solvency
Il). Retrieved May 21, 2025, from http://data.euro-
pa.eu/eli/dir/2009/138/0j

Gharekhani, M., & Ghazanfari Nasrabad, M. (2015).
Financial performance evaluation and ranking of
selected Iranian banks using CAMEL rating system
indicators and the SAW multicriteria decisionmak-
ing method. Journal of Monetary and Banking Man-
agement Development, 3(6), 1-25. https://civilica.
com/doc/629234

Gharekhani, M., & Zain Saz, A. (2016). Regulatory inter-
vention in the insurance market using forward-look-
ing indicators: A case study of IRIS indicators
[Conference presentation]. Twenty-third National
Conference and Ninth International Conference on
Insurance and Development. https://civilica.com/
doc/825816/ [In Persian].

Gharekhani, M., Aghababaei, Z., & Miri Chimeh, S. A.
(2014). Presenting a model for predicting the fi-
nancial strength of insurance companies based on
early warning indicators [Conference Presentation].
Twenty-ninth National Conference and Tenth In-
ternational Conference on Insurance and Develop-
ment. https://civilica.com/doc/1770260/ [In Per-
sian].

Gharekhani, M. (2025). Financial Health Assessment
Model for Insurance Institutions [Research Report].
Central Insurance of the Islamic Republic of Iran.
https://en.centinsur.ir/_douranportal/usersfiles/h.
akhoundi_3202/documents/%DA%AF%D8%B2%D8
%A7%D8%B1%D8%B4%20%D9%BE%DA%98%D9%
88%D9%87%D8%B4%DB%8C.pdf [In Persian].

Grace, M. F., Harrington, S. E., & Klein, R. W. (1998).
Risk-based capital and solvency screening in prop-
erty—liability insurance: Hypotheses and empirical
tests. Journal of Risk and Insurance, 65(2), 213-243.
https://doi.org/10.2307/253534

IAIS. (2019). Insurance Core Principles: Standards, Guid-
ance and Assessment Methodology. International
Association of Insurance Supervisors. Retrieved
May 21, 2025, from https://www.fsb.org/2019/11/
insurance-core-principles-standards-guidance-and-
assessment-methodology

IMF. (2006). Financial Soundness Indicators: Com-
pilation Guide. International Monetary Fund.
https://www.imf.org/external/pubs/ft/fsi/
guide/2006/

IMF. (2019). Financial Soundness Indicators: Com-
pilation Guide 2019. International Monetary
Fund. Retrieved May 18, 2025, from https://



YPF-YOY (o OY oly oylods AFeB Hluwsl ¥ o,lods NB 090 (o dolldghy oole @yl

data.imf.org/?sk=51B055FA-81CD-47B9-9992-
099D89E37E6E

Karshenasan, A., Bahrami-Nasab, A., & Mameshli, R.
(2019). The role of earnings quality in identifying
fraudulent financial reporting. Empirical Account-
ing Research, 8(3), 313-336. https://civilica.com/
doc/872397/ [In Persian].

Kucera, J. (2006). Market Analysis (IAIS Training Mod-
ule 11). International Association of Insurance Su-
pervisors. Retrieved May 21, 2025, from https://
www.casact.org/sites/default/files/2021-05/61_
IAIS_CC_7.1.1.pdf

NAIC. (2012). IRIS Ratios: A Tool for Financial Analysis.
National Association of Insurance Commissioners.
https://naic.soutronglobal.net/Portal/Public/en-
US/DownloadimageFile.ashx?objectld=4330&own-
erType=0&ownerld=11643

NAIC. (2018). Risk-Based Capital (RBC) for Insurers: Over-
view and Methodology. National Association of Insur-
ance Commissioners. https://content.naic.org/insur-
ance-topics/risk-based-capital

Pasiouras, F., & Gaganis, C. (2013). Regulations and
soundness of insurance firms: International evi-

dence. Journal of Business Research, 66(5), 632—
642. https://doi.org/10.1016/j.jbusres.2012.09.023
Peykarjou, K., Haghverdilou, M., & Zomorodian, G.
(2022). Introducing early warning system for sol-
vency of Iranian insurance companies, using logit
panel data method. Financial Management Strat-
egy, 10(3), 187-202. https://doi.org/10.22051/
jfm.2020.33318.2422 [In Persian].

Pottier, S. W.,, & Sommer, D. W. (1999). Prop-
erty—liability insurer financial strength rat-
ings: Differences across rating agencies. Jour-

nal of Risk and Insurance, 621-642.
https://doi.org/10.2307/253867

Seddighi, R., Shekarkhah, J., Haghighi Kaffash, M., &
Bahraminasab, A. (2014). Financial competence
model of insurance companies using Fuzzy Del-
phi approach and structural equations. Journal of
Econometric Modeling, 9(3), 169-209. https://jem.
semnan.ac.ir/article_8717.html [In Persian].

Shiu, Y. (2004). Determinants of United Kingdom gen-
eral insurance company performance. British Ac-
tuarial Journal, 10(5), 1079-1110. https://doi.
org/10.1017/51357321700002968

66(4),

= Email: Gharahkhani@gmail.com
= ORCID: 0000-0002-9364-0247

= Email: M.gharahkhani@modares.ac.ir
= ORCID: 0009-0003-4551-8276

= Email: F.farakesh88@gmail.com
= ORCID: 0009-0009-1362-0106

Ol el eollpl (Sadg Sl e ol e o6yl 5 Jlo 0Kl g )lslucs 09,5 «(5 25> «(Mohsen Gharahkhani) S50 ,8 o

Ol el eyt a5 oSS ¢ pmwdigs 0aSLEIlS il cwdige 09,5 «(5 55 (sgzeiils ((Marjan Gharahkhani) Jlso,8 ol o

Ol ol ol SiSS () SasS el s olRANS (5 55Ld 5 ple ey e 0uSLElS (e 05,8 (| lils IS «(Feryal Farakesh) iS1,5 b 49

HOW TO CITE THIS ARTICLE

253-266.

DOI: 10.22056/ijir.2026.03.04
URL: https://ijirirc.ac.ir/article_160376.html

Gharahkhani, M., Gharahkhani, M., & Farakesh, F. (2026). Forecasting changes in financial solvency of
insurance companies using financial soundness indicators. Iranian Journal of Insurance Research, 15(3),

\ids



