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Abstract

Background & Purpose: Pension funds are among the most important institutions that affect
economic and social conditions of society. Presenting appropriate solutions to maintain the
balance of these funds requires accurate knowledge of the conditions and factors affecting its
status. Demographic change is one of the disruptive factors upsetting the balance between
resource and expenditure of the funds. In this study, a model for simulating the balance of
resources and expenditures in pension funds based on demographic risks is presented.

Methodology: In this article, first the key factors affecting the status of the Pension Fund were
identified. Then using modeling with system dynamics method, both increasing crisis of
spending on fund resources in the form of cause and effect model and flow mode model in
Vensim software on the horizon were designed and predicted in 50 years.

Findings: The results of this study uncovered that a 23% increase in the birth rate can have a
positive effect on the liquidity of the organization. However, based on the results of this study, a
sharp decline in the birth rate and an increase in inflation, in the long run, will have the most
negative effect on the liquidity of the Pension Fund. The amount of support and liquidity ratio in
the output of the simulation model indicates the emergence of a crisis in the gap between
resource and expenditure of the Pension Fund after the early decades of the Year 1400.

Conclusion: The results obtained from the simulation of the resource system and expenditures
of Pension Fund is the indicator of the occurrence of a pension crisis in condition that the
current trend continues in the near future. On the other hand, the study of different scenarios has
shown that in the short run, increasing the deduction and the attractiveness rates has the greatest
effect on the stability of the Pension Fund, but in the long run, due to the adverse effect of
increasing the deduction rate on premiums, this factor reduces the attractiveness of the Pension
Fund. Demographic variables will have the greatest impact on the stability of the Pension
Funds.
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1. RMSPE: Root Mean Squares Percentage Error



e bl g Siii 5l s Ggko 4D Bylas g ailio JolaT g 5Lwdmd

YV ddaly 3ok 3l hey cpl o s e )8 slasel lgi o b (il ol 4 (bl oS ol g jlwdnd o

6
1 S _ 44 £
RMSPE = EZ(M)Z % 100 ()
—

i T+i

o (Bly gloosly Bumd LS YTy e g gy Jae 3 e (Gludnd @B Y74 slke abaly ol )
bl L] Ui pulil yide ey LS Wil S5 o 4 RMSPE o>l Ol)’.yo PRECSV I
5 S glas Ly g Jgio Gliabol b Gimgdy (s3alS” (gl puiie B sl by Oline S ol 03l (Lt (ot iz

ol ool Cawd 4 Ao 2 -

g Jao 81 RMSPE (4903l guls .Y Jouao

093! SB35 (8 yoiumme Eg00me 295 JS Conron OMEWS JS sluss
RMSPE oA RS R

Je Sl Judoss
Ol ol Jelod )3 el Gimgly Jae Cumlas oS dapias (olid ol 25095 53 poe Colie Sl (S
oo (55Nl gl ol glaie (s D9 e o Coll gla el & (ieg (S gl e Colus
@S (gl pito Sl (imgdy ] 50 250 sy ST (sl it (g9, oSl BT g AS o e o}l G 4
oo G )5 Npgdli £ sbyiell 4 ol Cunsd 9 (S0 (JS B)las (JS mlie ol nl )9S S Cumer

38 ey 5 255 5oy Vo Bl S Ay 53 ¢ saa Yol s i
BaseRun BaseRun
8o vo. . [l e - 50'00./° 75.0% [ 95.0% [l 100.0% [
Sad u&a»(a)
¥ M N
-fa B \\ 58 \\‘
-1.494 B 1 108
0B
-15B
v-B
VFea Vh1a VY- VEY- VEo- 0B
Time (Yean 1413 1422 1432 1441 1450

Bl > Ao 5> F 5 Ol JIdged Y e S Wggdl; &5 Ol i ylog0 A JSUS



Y€ )ﬁbcv b)mA\ b)gbc‘_ébw.;‘ @Lw Olelas

PFf E ey Ve Dleis S elez] sl oo JS Conliz gamp0 Vo i I

bt V. ., Vool BaseRun
e - - - e vo. [l e [l

Y--M o

Voo M
B
¥B

Ve M +B
-AB

1¥a8 VE VE-A VEVE VFY- VETY VEE- VEFE VEFY VEo-
Time (Yean Time (Year)

0395 T Ol i 415905 VY IS Bodwe JS Cunlia Ol puti 410909 .Y) IS0

(Bydimo JS culin g 3dggals 25 ¢ Bl > dew 3> E5 ey 5 Slayehb WY LA sla S5 4 4 g b

Al Bedie (o8 (i 59y 1) U op yudn b Py

Wy 59l 25 ey Ve Slids S

dy 5358 Yo s B
base Run SERSI TP s
BaseRun
oot vor [l -l 500%  75.0% | 95.0% [l 100.0% [
Oy S SIS JS Cunen
s 200M
ryvo 150M
Yo 100M —————— |
—_—
\.
ARIY 50M
. 0
\YaA AN} VFYE VEYY VEO-. 1380 1398 1415 1433 1450

Time (Year\ Time (Y ear)

Comd 33 Wggdlj & 5 Ol i 413905 .V € JSUS

yguiS JS Caron 4 Wogdly & 55 Ol pmti HI3g9ed VY JSUS

&5 caliz oy Vo Sl
base Run
e v [l e [l B

Yo [Wvewe) A 3 Js %‘J@ o')axi; )‘390»; RY-} “&«3
Yo Ow

YA VY VEYE VEYY AR
Time (Yean

o) ol 3o 1y U5 s iy G 5y Uagdls £ Gima 4o 2 VOB (sl JS5 4 degi L
Pl gyl l (o 9 g 05 ool Lo sl (] ) oo e piofy sloge )l (g5 jolatody

A3 o dgmn |y eloin] ool (Siantijl by 3gio



e bl g Siii 5l s Ggko 4D Bylas g ailio JolaT g 5Lwdmd

izt (ool Gguino (51 (S3lgiing S Cuilw g g1 sl
3 o 2 oMo catonly 5 o1 B ln 5 i 5 Jobs sl 5 (pelai] (ualh Batio S g2 ssliion
& Sl Jlesl dagyjlis (ol )3 sl 008 2ol Copslis Jilod donis > alie ol (o5 5
el elazzl uels lojl o (8 dam 3 53 s Jlae e ilys S (IS sl (3200 51 g3l
) S lke ol 08 dlpgiiy eloiz] el lojl Caglis e I3l 5 (BLy> g )3 (s
ey )0 Wgedly &5 (s > VY il oyl @
(A8 s L) ey > Wggalj &5 god ¥ ialS Y (gojle @
(A5 s L) iy 3 Wagalj &5 (o YA LialS Y (gg0lw @
NS ool Bodiwo Cuglds (cdo > Vo Liol8lF gyl @
slacalby b Jelie cilisee (sl iz jl (8L (den 3>) Sligus €55 (g0 ¥ Ll10 o)l @
Skl g gl
P25 EP she Ve Gl gyl @
Ol o> ¥ Hilj8l g Wagali &5 (gduo > VY ]38l gojlw @
Bobio Caplia gop3 Ve Gl g Wgal 55 o > VY Sl A o)l @
Glod Y ilidl g Bodio Culdis (i Vo ioli8l g adggdli &5 (sao d VY Linli8l A gl @
Ol ygus
O ety Comd g (SHA8 (Jny cyigy Al sl pito (59) 925l A ol Jlas] VA 5 WY (sl IS5 5o

Ll 0l 0303

6M person
20M

3M person
0M

0 person
0

1380 1390 1400 1410 1420 1430 1440 1450
Time (Year)
ol : BaseRunYear1450 person
el JS olaes ;- BaseRunYear1450

Al Vo 53U 40 oy 1S 6 posimmo 9 MW dlai dwg o )T UG

Ol2u Jses ol j ey o isles Jle Ve Gieds 1) o Kisih ol g Jels o]0l sl 3g, N IS
B9 V3l eSS by Cowd jlade ailin g oo 0030 Zadgdy Vre Jlo Jol dad jl o (slos] u,.ob B9iuo

slaggioo ) Gluidy Cud Baind gLy 45 W S5 4 dagi b S algs gy, ol b jlaise gyt

A5 imlgs axlge o L VFee Jlo cpslel dad 5w Jlaise cla ggaio ol dlo Yo 53L 5  Swisjb



YEoo mbcv b)mA\ b)gbc‘_élmd' @Lw Olelas

Ggo Oy o

ARSI O SRR SV SR AL SRR A A CEENR L A PR L A0 SRR L AVNRR A A SRR

Time (Yean
R ki, s SceNer
Sty i SCONRA. —————————————— iy s Sceney
oy e ScEPEY ——————————— ol s Scene
bt i ScEPRY ol oo ScENE?
bty ceni: ScENEY —————————————— bty o BaseRun

Aol 48 3yl (ials gy loaiali Ly (lesiody Cod 298 00 oaaliie WV JSU3 55 4 4365 o
Jorm Sl ¥ s 85 s 3 bl p3l laJlo > Jlaslsbnl pas 5 asge 5l Gl (Sl el
b )3 s ol sl 028 oanliie Jlaide (polal o o Jad X9, Aol ©)90 )3 ¢ Sttijl slaggiio > ol
A8 o LS HIges oyl b Aalgd anlge o b on 5 (clodi] )3 Gedio 45 5,5 cudlyp 4565 ol lgi o VY
Aalgs olpom an WO Jlo 3 1) @ls s ¥ oV slagy )l 5 baga )l (25350 A 9 A V) (slagy L oS
Lusld

" -

-ff M %):Mdu%)wn‘AN

. & we
By (SN
a-M
AARVA VE-f VEY . \Aald VEYY
Time (Yean

w05 Scenet —mM ——— sSwai - Scenet

Sau:SceneA —————————— i - Scener

Sa5:SceneV —————————— Sz :BaseRun

TR — Saai - Scener

Sues:Sceney — S : Scene

ool @dly )3 aS cuwl DB-PAYG g6 jl oyl (Sl sl gotio caldp g Jbo ol piames

b ol ol J) G oS 65 plan D980 guie (L3 slbden 3> I (B slacs e Jlo el g
o=l gy gl (glagy sl bl cgy ol Sl el Gty Cons 9 (Sa& (liee g3y ol (Lol e 9
2 Bgio S Iy asbl (b cunsg aliz (Joda ol mls polol sl 0ad ()2 ¥ Jgan > ol puiie 5
alio (oluwl o WY JLu o lojluw cilidn Cundg pd (pisron A Jalgd dalae dio (0o L VY- Jlo
2o VAL Ggtino Jos 5 9 03 iy |y 395 Chlas 3l 0oy VY oS ol j3l8 Laib o 3> B 0) (3L 3
sbaggioo ()lol Cundg 390 sl 45 md e (LS (Glwdnnd dond A3 dalgs dalge drgy (6 5uS

Caol 5 g sles plw 15 5 Y slag luw g yips g )liw dan 512 g A glagy b ¢ St 3l



e bl g Siii 5l s Ggko 4D Bylas g ailio JolaT g 5Lwdmd

g e Slag luw bl p1 gy ol gl puie Lig, (w2 -E 9>

e Comnd ol Ol E989 Ju
g Bjlas Jlw ppleids o . Wg2 U )3 S ol )by Oolpads g1 )l
VErs Jlo o aibin Vgoo sty O

WL ar/y VEa Y- R
AY/- VEIY VEY- Y- 9ol &35 oy VY il )
vav/- AY/\ VEeq VY- oMo i b Wagdly 5 ghopp ¥ 2alS Y
IS/ Y/ VEeq VFa 5 b b Wagdls 5 grod YA LialS ¥
A~ A VY- VY- Baduo Calda lie (gdoyd Ve ol ¥
AV VA VEq o ClgS F5 gropn Y Llidl 0
vY/- VA M¥a Y- 5 E5 gho Ve GiliEl 8

iol3 8l g udggalj &y (sdo 2 VY inls 8l
A Yy W R OFTIEm e R

ClhguS 5 oY

1581 5 3ol 6 (o VY il
e YAIY e R, ETIERRDm S Oy
oo Sl (e (ga0))

JIAY \FIY VEY- VS siiop Ve ilidl s Oy Ep gdop¥ A

Gyoo Caplds (l500

S5 4 g oxy
Lo gghie (b ) )9 (ghme pya Olpdd Wile o Satijl slaBgiio 59y Ll e lapille 292
Obld bl (Suatsil sy ggaio 3oy olnl 59a8 ) Glustdy Cumd (LI (pioman 5 o Job il
D)l b 38 5ed ol Qb laisds ¢ e s GlacSin) p Gimed cnl 53 oy opl S Sals g
9 S-Sl 3 1) (Saandijl isu ol pde 5 QIS Gl Mg oo dbpiis (olid ol (loand o S
SlacSa; jl Cuigan § (Sawdijl Balio (M0l Candy () p Cha dilize glacusluw gl ol (S5s
Sy O9d e 4l (Siudiih sbggrio Gl plys Lojgyel & (glacasy o jsboas and (5)l 35290
= o9dhe Bl Jimod )3 edge (nl Cusal da g b g G (Sl slagiio plie y B)las 5938 >
5 alie DL (y an sl (sloinl el Glojles (Sawniil slagario Blas 5 mlis g (55lo o
A sy elen] el St Bodio 3 luidy Coans g Bylas

i (2ligs gy 3l oaial L e Jlo ol jldlo g tunes o3latdl Lld 5| 3gaio ol 392 90 Cundy
P el Jroe a oo oyl Cundg cpl 3l el slacasln 5 men slagy s ol 3 5 15 gilods
ol ) .88 ploul Al A by 381 0 S yielyb b Mol g (g)ld5 cunlew <510 400 5l (g 5lwand Jae

Cand g (S i Loyt 59y gl 1 g 03 (b gajlis Al Jlos mls 5 (5,8 Hlas ol



YEoo mbcv b)mA\ b)gbc‘_élmd' @Lw Olelas

a2gi b (giludnnd 5 (o) Beite Ml Cundy uiin Slr oWl Glapte (0550 Clied (latdy
Py ccde 3l oy «aeolisS (0 (S jb sl Godio 0 Olygus i (gao) ¥ inlidl ¢ iagh zuls &
caby 4 IS aey Sl cdeay wsonis )5 Lol 9310l o )*-‘>'l* Wy (Soad ol 99 )08 o (Koad e
o Ve lalpdl el psboay b oo Sl (S0l (s 5 3580 atlS Bodio Colix o 3>yl
ol (i iy Canmss 20 989 811 13 & (el (550090 el Slpisds Bgtio Calie (i
& Oty Comd sl S Sl 0p 5 F o)l 3 g0 53 ((Bib g e ol platdy S
S sl i 1y 0, Sles i A 54

Lgy pgh Cygeo )3 oS Am3 o LS (Stantifly Gyt B)las g plie s (Silodend jl el Cunday gl
S g Lt il (glagy )l )y Byl Sl DNign e Es8g 4 Sed5 gloan] )3 (Sl ol ¢ e
oy pd Lol 90,l45 o Fanio (g)lhl oy 1y 51 oy cCwlis F5 5 SlyawS F45 il 38l bieolisS )
2 g0 Fedino Cawlis ialS ciel Jolo cpl diden 3 caby o Olyans £y (]38l weSee (il cleay
Ll A;.ml? LYy R &b ply )yb O (Saraz (6o yuxio ¢ os

dlie )3 oy S ERgT (ot ) daagi b & Conl (ot pl pSl (EgT )3 0ab gy Jae
9 538 (29 (Voo ¥) (Sudble 5 9,590 5 (Vo)1) JjauSlal g (ol (V4OF) (S 5 (6 (sloasly L

sloyisy glyte 4 ol gl Bl 5 (Santifly sl ggiio Bilas 5 ple ol b dpej 5> Clilllas ploxl
oS g sl iz plo 3 laysd e orizzen g b Ggiio Sl oo g (eleizl b lojlu cilise
d9bse i dogsye (Slaptu 3)Slos (63lucblad & wusl Sho Goiio 3 Sles (59) 5y 4 bl (S ranas
9 Copde & boye Slllas 1S (ial)S g 3908 03 (S5 | w300 ()b yike Slapaenal SB51 3 1) (e
Sl & s (olillgy (ogadar (Blad (a3ySg) b (Stdijl laggiio 1 Bilas g plie Jols bais
e Jo j sonily 381 L o in CablB g (&S (oS (slod,Sugy zug i )0 )l 38 sdzy s (sla ke
Koibw Llaj)) g Lapiuns (2bg Jio BLIL pol ddllas S o (a2 GLLE S8 (b 5 2L parass
Iy Lagadico B)luas 5 milie ol 03394 ¢ S}l (sbd §adio 4y bgyyo (ka8 cludl ¢ Suis sl sy 5o
ol 0215 drusgy

5 il Gitu 3 e 5 Slae (5w 0 o0 &5 31 | ClbB ol ol Jiagh 53 oadsilednd Jue
@l 5 b dge (65 den 5 gd Clllae oy gyl lo s (y2me (2l SRl L gilodnd
Lagloilo )3 1y Jae ool olgi oo simgy ool Bab(gjloannd Jao (S pdyrass bl & dngi b amd )] (5558

2,5 gilwosly aline sba 5odio g



e bl g Siii 5l s Ggko 4D Bylas g ailio JolaT g 5Lwdmd

&Qbw

u_...S); 3)—§~.’.5) )l oala_wl L, Ls“’?"""' L;w)l.: L;me)b d)lJol.: » )J}o J.nl}c L;’L‘“L'“’ (\ch\a) JeSwo cd).mo ‘J.)Lc c).)]
DAY ¢(\°\”) ) :d/)'g/&:‘)z'.to /’}l‘: 1050/ dolilad B3 Ls‘-"L'“’ sl 9Py LSLQ’W“““"“"" " 53915.\:»

oS ale sy Sy Jozd o jd (Bldcures Jolse (58 (WAA) ol o oglo £ pus dazto dleg s (ol il
YYF =YY (WY (o L5 Lo iils . 6T (6 pdo Sy Jlidy g s

5w (2l jlodliiul Ly ()l iSale s lapuanad (objyl (WWAY) plas (ool JoS (sdoze o thmme lislon
Oy I MZJ‘} 2Dl Sy oo dolilad (5395 syl Mg 8 b 3 taslllas 5)yg0) (Blg (£ ISl o il LS|
YY-)

L olol o (Sl olyou o0maly Juldod 5 (il Jie ((WWAF) Glypao ¢l 5550 o ¢ e« oD ¢ e dozeo (5Ll
AY=5Y (V)] ey o Daugs v 3l 4 5la5 5,S5

CBolio 1 ak g ol)b Cupie (WAF) dsgare (b ()5 ol ( S, (550l taanl ol ol (L jauen ¢ yisud 3l
IYR YN (YA oolais] g5l Jho cliin . 656 Lo 1> ol 359y b (Sl jb

elalopal, el o cuiel o cloinl uwl; St il sl gadio 10 iz (WYAR) piee ¢ bl {ou (s lgp
\Y‘a_\ 'Y’ ‘(Yl)q (: ,K..A/' )3

plls 13 35250 lala yills o 4o jom Jolse ololis (VWAF) (ol o Kol o jaen Ll ¢ pus ¢ Jloeolo>
Jb o] (ol 5 Copdo Mot Slan o)) (Sndiily

YA =0 (Y) )9 iday Criso dolilad doy S b 0 b an [ b oyl Copde oarbo (g5lo Jdo (VWAY) duos ¢ >

AYA ) ‘(\ \)Y'

5 Lepilly 5l S sle ) (Swdifh slaggsine CbMol ik (WAY) (s ( Jloo oz (020 ygeaie jeis)
RS Copite pole (Mol oy jpraw sl - Jlo s o

o8 iily . Kt (glo 5ol yd gyjlis Jdoii 3,5, b (ol awast’ ot (i ydoliys (VWAY) (5000 daw (595
Sl e

;1_5):])5 (J:’?) )‘ ool w! l_, U_:l_m.al el_m qu_su éol_> J..\_o u_’>‘).‘o (\\NDK') A>g 99_“)‘.) ) o> gUJ}w.); U_)L.c-)
ART ¢(\) ) :L;J‘L,.J/é}l:.o allbs | ole aLLaﬁo.mS

. ;W C)l)m‘ :(J‘)'eé ‘(;}}‘X M/” “‘)‘4’ L}?}M L,bo“ “.(\Y’A\c) ;D.‘m ‘DJl} L;:,és)

NS u*;l’ oloile (Gl wlse (ganas, 5 (ololid (VWAY) M o9 4T3 g LIS fadnns ( Jlaol lbgb
FY-yY c(Y’)A ‘U.JZ“J/&L‘» Sle/lbos (ool doliliad

=59, u,ml.a.a.o A 9 (ygeuio J..L‘z.» .(\\"ﬂ') Josvo w:])‘ T f‘_}uﬁdly‘ P EAVER L 53 ‘Ls"“l“‘"’ HE ST IEs ssle

VOV (V)0 (e asioil) (o0, a), Coplio di il S claodls 13 34 g0 clagSl p (gl 2ol )8 5 0L
NAA



YEoo )ﬁbc‘” b)m‘\\ b)gbc‘_élmd' @LuoubJUac

.bL.:.Z.ng‘J d._;).la; aJlao S Ay L;J)Si” YY) .(\Y"\\") 319; PEAVC. ‘u,.i» J.\g fu_l.cwm (S gRw f),,ol “WSRE
AA—\ . \ ‘(\c) ) * ;.L.a./[w

)9S (S 3l Bgdino .U'/’)‘/c;.é) U so,oly o ¢y0iS | SKiwiiil Gotio (slo il (AYAY) i) b las
.))_49.9) )‘ odlawl l_: (ot qu.:: LS’L’}’ Sladlas M u.;l.uo u,u.u (“ﬂc\') L.o).\a.‘mo ‘ub)l.mlls: ‘Lo)..\MQ- cb.)l)c_{y)s

(S ppdo din Ul) (03, aly Co o diy b i L obg Olallas (gla Jdo 51 ooldlb gauddls 1 o) yal
2 Bl oy s (Wl 2292 oLy D
NFA-YYO ‘(\)A

Cy o lalbo 2o 4y Cus Bylias (S938 lyzw (IVAY) Low wdljel b foinn o a0 (o) Udyduen wdljS's5,8
NOF =YY 6(\&)\‘: ‘L;‘))"'bb

dlaisl g oy pole qoplbles g pdo Mol o uilpdS gl (Sl Bgdio (VWAD) Lo yle 5550, taome b

dewsi g Jo cloyil i sraiiwo (loni wuw ikl dy  BIS o olaid] drwgi o  Jo (olo [l (WYAN) iomo ¢ coul
(89S (SNiuanidis b oo (o plus duwho (gldow Cliisd g s soly . golaid]

RRVEATAL

MAWY (V) g (pomo)y (slocunlus . (55y9liS dlaa (Siuniijl Godio (690 adlllas

i Slalllo .l 1 > Camen sl sl jasls olas clagSl oo (IYAA) 3Ms codlj e pals (550K

References

Alaminos, E., Ayuso, M., & Guillen, M. (2020). Demographic and social challenges in the
design of public pension schemes. In Economic Challenges of Pension Systems (pp. 33-
55). Springer, Cham.

Albrecher, H., Bauer, D., Embrechts, P., Filipovi¢, D., Koch-Medina, P., Korn, R, ... &

Wagner, J. (2018). Asset-liability management for long-term insurance business.
European Actuarial Journal, 8(1), 9-25.

Alexander, N., Marina, K., Aidai, Z. K., & Andrey, S. (2018). Ingtitutiona risks: General
principles of influence on pension systems. In Eurasian Business Perspectives (pp. 357-
365). Springer, Cham.

Ansari, M, Faahati, A., & Del Angizan, S. (2017). Modeling and strategic analysis of the
pension crisisin Iran with a game theory approach. Management Improvement, 11(1), 61-
92. (in Persian)

Attarian, A. (2011). Challenges of the state pension fund and exit strategies. Sate Pension
Fund. (in Persian)



e bl g Siii 5l s Ggko 4D Bylas g ailio JolaT g 5Lwdmd

Azar, A., & Safari, M. (2016). Identifying factors affecting the sustainability of private
retirement plans using a combined approach to soft systems methodology and fuzzy
cognitive mapping. Iranian Journal of Management Sciences Quarterly, 11(43), 21-58.
(in Persian)

Azizi, A., Sepahvandi, M., Peyda, N., & Mohammadi, J. (2015) Investigating an effective
approach to aging: A study of data-based theory. Elderly: Iranian Journal of Aging,
10(4), 88-101. (in Persian)

Basu, S. & Nath Mukherjee, K. (2020). Asset-liability management. Available in:
https.//www.nibmindia.org/static/training_program/AL M -Basu- Sep%2027-0ct%202. pdf

Chaharmahali, H., Talebian, A., & Asadbeigi, H. (2017). Identifying the causes of crisis and
challenges in the Iranian pension system. International Conference on Management and
Accounting in Iran, Babol. (in Persian)

Chaim, R. M. (2006). Combining ALM and system dynamics in pension funds. The 24th
International Conference of System Dynamics Society, Netherlands.

Chaim, R.M. (2007). Combining ALM and system dynamics in pension funds. online Proc of
the 24th International Refereed Conference of System Dynamics Society, Netherlands.

Chaim, R. and Ermes Streit, R. (2008). Pension funds governance: combining SD, Agent based
modeling and fuzzy logic to address dynamic asset and liability management (ALM)
problem. In Proceedings of the 26th International Conference of the System Dynamics
Society.

Consigli, G., Kuhn, D., & Brandimarte, P. (2017). Optimal financial decision making under
uncertainty. In Optimal financial decision making under uncertainty (pp. 255-290).
Cham: Springer.

Cui, X. Y., Gao, J. J, Li, X., & Li, D. (2014). Optimal multiperiod mean-variance policy under
no-shorting constraint. European Journal of Operational Research, 234(2), 459-468.
doi:10.1016/j.ejor.2013.02.040

De La Torre-Torres, O. V., Alvarez-Garcia, J., Santillan-Salgado, R. J., & Lopez, F. (2019).
Potential improvements to pension funds performance in Mexico. Revista ESPACIOS,
40(30).

Ebbinghaus, B. (2021). Inequalities and poverty risks in old age across Europe: The
double-edged income effect of pension systems. Social Policy & Administration, 55(3),
440-455.

Ebrahimi Sarwalia, M. H., & Sabounchi, A. (2019). The role of demographic factors in
explaining the risk tolerance of real investors and their risk-taking behavior. Investment
Knowledge, 8(32), 217-234. (in Persian)

Erwin, K., Abubakar, E., & Muda, I. (2018). The relationship of lending, funding, capital,
human resource, asset liability management to non-financial sustainability of rural banks
(BPRs) in Indonesia. Journal of Applied Economic Sciences, 13(2).

Fartoukzadeh, H., & Zolfagharian, M. (2011). Explaining the Philosophica foundations of
system dynamics studies using inductive approach: A paradigm classification of system
dynamics studies models. Srategic Management Thought (Management Thought), 5(1),
125-168. (in Persian)



YEoo )ﬁb Y D)LM:S AR 0,93 c‘!LwU, &L’w Ol

Fartoukzadeh, H., Rajabi Nahoji, M., & Bayramzadeh, S. (2013). The crisis of increasing
spending relative to resources, Srategic Management Studies, 4(15), 131- 156.
(in Persian)

Farzaneh, M., & Rahkooi, A. S. (2016). Pension fund. First International Conference on
Management, Accounting, Educational Sciences and Resistance Economics; Action and
practice, Sari. (in Persian)

Ferstl, R, & Weissensteiner, A. (2011). Asset-liability management under time-varying
investment opportuni- ties. Journal of Banking & Finance, 35, 182-192. doi:
10.1016/j.jbankfin.2010.07.028

Ghavidel, S., & Mirgeyasi, N. (2017). Population aging, life expectancy and economic growth.
Iranian Economic Research, 22(73), 159-196. (in Persian)

Gunnarsson, B. (2013). Risk management in Almenni collective pension fund. Thesis of Master
of Science in Financial Engineering, the School of Science and Engineering at Reykjavik
University.

Habibi, H. (2004). Conceptual modeling of asset / debt management in insurance companies.
Insurance Industry Quarterly, 2(74), 5-28. (in Persian)

Ismailian, M., & Ali Mohammadi Kamalabadi, M. (2014). Evaluation of investment decisions
using the dynamics of the system and real investment authority (studied in the car battery
company). Quarterly Journal of Asset Management and Financing, 3(1), 1-22.
(in Persian)

Izadbakhsh, H., Soleimanzadeh, A., Davari Ardakani, H., & Zarrinbal, M. (2017). Asset and
debt management in pension funds with a systemic approach in a fuzzy environment.
Economic Modeling Research, 8 (29), 201-239. (in Persian)

Lassila, J. (2018). Aggregate risks, intergenerational risk-sharing and fiscal sustainability in the
finnish earnings-related pension system (No. 57). ETLA Working Papers.

Li, D., Shen, Y., & Zeng, Y. (2018). Dynamic derivative-based investment strategy for mean—
variance asset-iability management with stochastic volatility. Insurance: Mathematics
and Economics, 78, 72-86.

Li, X., Wu, X., & Yao, H. (2020). Multi-period asset-liability management with cash flows and
probability constraints: A mean-field formulation approach. Journal of the Operational
Research Society, 71(10), 1563-1580.

Markowitz, H. (1959). Efficient Diversification of Investments. New Y ork: Wiley.

Mir, J., Ganjian, M., & Forouhesh Tehrani, Gh. (2014). challenges and strategies of pension
funds in iran: A Case Study of Jihad Keshavarzi Pension Fund. Strategic and Macro
Palicies, 2(7), 111-139. (in Persian)

Nepp, A., Larionova, V., Okhrin, O., & Sesekin, A. (2018). Optimal pension system: case study.
Journal of Scientific Papers Economics & Sociology, 11(1), 267-292.

Nikpour Amer Hassanalizadeh, M. (2018). Analysis of spatial patterns of population aging
indicators in the city of Babol. Socio-Cultural Development Sudies, 8(1), 9-31.
(in Persian)

Pachamanova, D., Gllpinar, N., & Canakoglu, E. (2017). Robust approaches to pension fund
asset liability management under uncertainty. In Optimal Financial Decision Making
under Uncertainty (pp. 89-119). Springer, Cham.



e bl g Siii 5l s Ggko 4D Bylas g ailio JolaT g 5Lwdmd

Pan, J., & Xiao, Q. (2017). Optimal mean-variance assetliability management with stochastic
interest rates and inflation risks. Mathematical Methods of Operations Research, 85(3),
491-519. doi:10.1007/s00186-017-0580- 6

Parvandi, Y., Balbasi, M. (2020). Crisisin socia security and national security pension funds of
the Islamic Republic of Iran. Socio-Cultural Strategy, 9(3), 103-135. (in Persian)

Qasemi, M. (2009). Financial markets and economic development, a look at the role of
continuing systems in financial markets and economic development. Insurance Studies
and Research Unit of the Audit Institute of the National Pension Fund. (in Persian)

Rabiee, A., & Asgarian, A. (2018). Research article: Presenting the strategic model of the state
pension administration. Quarterly Journal of National Defense Strategic Management
Sudies, 3(11), 91-128. (in Persian)

Ranaei Kurdshaoli, H., & Daneshvar, A. (2011). Designing a comprehensive model of human
resource excellence using a qualitative meta-combination method. Journal of Human
Resource Studies 1(1), 1-20. (in Persian)

Razavi, M. (2016). Long-term planning of asset allocation with a scenario analysis approach in
pension funds. Allameh Tabatabai University. (in Persian)

Roghnizadeh, M. (2005). Analysis of the national pension fund. Tehran: Sahafi Publications.
(in Persian)

Rostamzad Mansour, M., & Chaharmahali, H., (2018). The role of pension fund reforms in
preventing financial challenges and crises. 4th International Symposium on Management
Sciences, Tehran. (in Persian)

Safari, M. (2018). Sustainability of hybrid private pension plans based on fuzzy cognitive
mapping and system dynamics. Sanaat-e-bimeh, 33(3), 81-104. (in Persian)
Sapiri, H., Kamil, A. A., & Tahar, R. M. (2014). System dynamics approach as a risk

management tool in analyzing pension expenditure: The case of Malaysian employees
public pension plan. The Singapore Economic Review, 59(05), 1450046.

Shao, W., Hao, Y., Chen, K., & Liu, B. (2013). Study on China's pension gap based on system
dynamics. International Journal of Engineering and Industries, 4(4), 27.

Sterman, J. D. (2001). System dynamics modeling: tools for learning in a complex world.
California Management Review, 43(4), 8-25.

Tootian Isfahani, S., Khodayari, F., & Vermezia, L. (2018). Identify and rank the barriers to
agility of the Social Security Organization. Journal of Human Resources Sudies, 8(3),
23-44. (in Persian)

Viehweger, B., & Jagalski, T. (2003). The reformed pension system in Germany, a system
dynamics model for the next 50 years. In 21st System Dynamics Conference Proceeding
191(10).

World Bank (2014). World development indicators 2014. Available in:
https://elibrary.worldbank.org/doi/abs/10.1596/978-1-4648-0163-1

Yavas, M., & Bacaksizlar, G. (2010). Financial sustainability of social security institutions. 28st
International Conference of System Dynamics.



