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L5 clein Lagd Aalaidy) <l ypaiall oy ) A& (e a3 ASuel) 23 gaill passt (MVKSin))
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sl il Loalia) S tedll (5 sl G Lo G L) o omilill 8 b i ya
e 6 simne o) sf alaiidl ALK 5 08l Jiay A 5 BN Jaiaall il 5 (Jlea!
zWY (Actual Level) (xdl) gl Jiay 3y shall gaall e ataai ) (Say sl sl
488t (S (3) (5 siwall (Potential Output) Jaisall zilll Hedas Laiy callaid™ &isal)
.(Sarwat and Mahmud, 2013) dllall 3 ) gall apes alasiuly

O s a3 sy aaly Aol @) iy Hhall ) A Jadaall @ldl e el (S
il pkaill Cabias g KU gabadY) o) sl Al o (SN Apalaiy) <l piall gpead G
gLl (5 3 ead (Sl il g0 il g JSI 355l o sl ) Lyl 8 dpal Y
Sy s 5 (s aBY) oY) G 5 ddlie s s SN 31 53l) aia g G4y 300 4y jdail)
il 8 gad & UL 5 o JE a5l 138 J s @2y  Mea¥) sl iUl e juadl)
O SlaaBY) G ) A el oLl (5 i A AaBY] 8 Jlee Y1 5y 50 Gl (uSad
e Jainall gilall (g gl il g 63 jiane s 8 ol 05 Al 8 ()5S0 () (2a yidall
LS e Jainall gl J san ol i Slaay) Ll (m yey S Adlisall cilaaall (S o el
a5 yaad clenall daat aa b cJaiaal) il aasd e a JaYI AL sl cleaall
.(Dominique et al. 2003) gLl & yad

O 5 simsal) 138 I J g gl il (5 5 Jamy i) O ) A gl guilil) 5 gmd 3
O (o Agedai b s Gl game s 1 calhall b paild o e g v LY
Cnnsy ALY 806K ) of Al 48U o) gun (2 jall B il 2 sm g Aalliadl i) 5 g (uSas
4dld cagle 5 a8 giall (e Ji pdmill Jana ()55 Jla¥) a5 ) (25 Lea callall Con i
aladl (531 sl 50 gl ASH SlaZ8Y) Clalas 8 <l i ) ja) o ding cVa sda Jie
.(Osman, 2011)
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DAY iy g gl Ll )iy e ddsilad) W oo ,¥) 8 Al duld Caags
s ) 5 gad i Ananl 5L (e g laadd) g bl Sl alall (5 stusall ) il ¢ gail)
ownall Gl 5 G padl G 0 ) 53 B ane AlSe (e paaliill 8 Bac Lusall clgd a8 giall jlusall
&b Jemy Y a1 alaiiy) o Jla 8 AileSil o s sl dpediai s S8 e Lol die
ALY 5 ) sall JiaY1 JDaia¥l aae A @lld 5 gay 5 ¢ ainall il (5 siase 2ie Vsl e
(i W 2 g 9 Jaa DU GlIAT calai8 L (gia jat Al larall (e naall ) ddLaYl cdalial)
.(World Bank, 2021) Jaisall z3Ull 5 géatiall 3G o L

Multivariate Kalman filter with financial z3s< sliels 4l jall Cwld cadle
Bead ) @l Cuin g )Y SlaBY) Alla uSad] 3l 3 sad padil variables (MVKfin)
Coalia S 2009 ale Aol Anlag) Ciela A ddi) Hall 3 538 JIA LIS e sl gl Ll
LS 2015 ale 43y oLty 2022 ale Adles i Aallus 3 5ad I @l 2y J 2l 2009 ale
z 35«33 Hodrick-Prescott filter (HPF) < sSuu y @l 53 g8 =3 gal aladinly 4l jall Caald
AN dagie ae L) Ll ey by !Quarterly Projection Model (QPM)
(Dl ppiall (g Slay) il GuSay (S 3 g Lgwlasiny MVK fin 48,k Jlaiy MVKfin
oo Adla) daglaa gl pdid ¥ A Alan¥) Gl e HPF 43k aaiad ops A
el Alae 8 5 A AplaiBy) il i)
Al clad Al 2

il yall 03 aa) (pa s el 5y g guin ol g5 () AL il yall (e aal) lllia
2012-2000 4xie 3 3_yall sla®l yhe Al iUl 3 g8 15,08 3 (Blagrave et al. 2015)
48al) a2 a3 3} (Benes and N’Diaye, 2004) 4 53 8 2 )1 5l Al =3 gaill e dlaie YL
Byad & (e g Jaiaall il yuais ) J e sl G35 il B gand g Alldad) g adacatll (G AadS0gl)
G yaaia Jay y dalee ¢l aY (Kalman Filter Algorithm (KFA)) 4siih Zolaiul) o3 5 a3l
o Al ells (e Al ST IS0gl) 3 gl ol i o el i g L ASagdl 23 sl
¢HPF 405 A& sa LaS Al g (& ) seall (8 Daaill Al & jaiisd ¢l pa s HPF Dl
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Ll 3528 (Borio et al., 2013) &ul 3 &iddy Jae ¥ 5550 & Joaill bl Joa Lo ¥
Langie aladindy 2011-1980 dxie 5 _yiall Liilas) 5 Lilday 50 5 4:S) ja¥) Basiall LY 1) (e JSI
e o=laall @3 5 Financial Cycle 4llall 352l J s il she Al all Caned 31 jild (1allS
1550 Adlall al gl Caad ) cAlainall il jaall 5 il 6 gand Gl a5 cAiall 413 A1S
2 8 bl S g9l 6 el 2l 8 G

S mhsa o sl Wl (S 5eY) SlaB &l 5528 (Alichi, 2015)
5 ydll ilill 5 gad pamil KFA e JMA (e Multivariate Approaches 4 aladiu)
cankandl 36 5 e 50 aa ) Cuali 88 i) 5 gad ol gl < jedal 5 2020-1993 Az 3l
Ol e Bl Al gy

Szl Al alaasuly AUl 348 (2015 dioudandall Al fd:h) i
e paally Qllall Quls 8 Glesall G il Cobb-Douglas production function
Ciin g s Al A e dainall  ndll il A saill e doa Al cilesal) 5548 jaa g dAea
DAY 58 DA Jaw giall L Lgied caly 38 andall sl b il 5 gad () il
) a8 Aad Cialy (pa A Jaiaall 23U (e 966.2 Aty Y 50 sade (275.5) s
il Ul (e 96-5.1 At g HY 50 (sl (-232.7) (Fos DlEY aae 3 5% DA

Glld 5 ¢Aga gradl 4y jal) ASLaall b ilill 5 g a8 e (2016 ¢Osradl 5 iy pall) Jac
8 sad (o)) il Cuin g (2015-1981) Aaie ) 5 yiall ALY ANy 23 a3 s KFA 5 HPF aladiuly
gl Al I 8 mdll gt 3 Gl pay sl al) ol e ] Alay) Chela il
(ainall lill Juzadl (51 55 (Bt 8 Agial) Al e culdal) Cuaalis 3) Al all 5 Y

pladiuly Al pall aLa®@Sl mill) 8 gad a8 e (Chen & Goérnicka, 2020) Jee
44l s KFA with financial variabless KFA s HPF aladiul a3 3 Glagic sae
L o) Al Ging 2018-1992 43l 3l (Blanchard-Quah structural VAR
Alaia daulin 8 el 3 il Boad paiil duliall dagiadl (& structural VAR
Llas J8 Ll 2 e ol il el LS (A8 50l ilaniall
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Ayl dagia 3

Jidhyg cJandl (o S a4l aady g Al ) Aagally Gl Jainall il Ll ()
Ay (Ml 5 A seiny o) i el g AitanDle oSy ¥ el ) (uSe e sl gaal)
it e Bkl oda ety Al 3kl e el 2ot uly el 138 s ) g sall
A0 Y il 581 daiay Ada g e Agllaia) Al Jainall il 0 Allis (e Jaad 322k
7oA Ladie A ala ol axe (pe € a8 )l el s acad LS bl sl WY
.(Kaloyan, 2015) 58 &l <l juad alA ans L Ll (aas 3685 e 2Ly
:dainall il (el 8 Aerdiiunal) Cilagiall § Y (al jaind L Laidg
(Single variate Approaches) sial) gl zed jall Lagia Y ol

aladl olat¥) aaa g e 31 Alulial) C1dgs 8 Aadiiusal) (3 k) Jael (pe A2 jlall odn e
Al J) Joa il 2 3 (Alichi, 2015) sas) g bily Al e Laad salaic Y a4 ¢lgd
o sV 5 sl Jall 8l pnll A 5) JMA (e o shall JaY) 84 ) il adll 4y
(Jashall Jal1 84 ) sl adll

JaY) sk alall alai¥) adlatin Jlase i le gud Y 3Lk 0 HPF e e siag s
Al AluLodl (e Adeall Aluludl 50 e aghyy ainkd 4 geun 5 Adalond dyie 3l Al ludl
S La BT ) i) ol dglee (680 5 ¢San La JB Aaguall e 30 ALbiall (i (0 585 gy
s T 55 Adgall ALl 083 2% 43 6l ¢(Penalty Parameter) g i Jelzay ida g 3-dia
(Mitra et al., 2015) b WS (53 28 3 5n 5 ae dgall AL Jga Alal) AL (s

T T-1

min Y 1(Ve =)+ (er =) = @, =$,_)) T o (1)

t=1 t=
003
Al AL -y

gl ALl 1y
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Jo Lanind colaV) 12 (uilad ds 3 23y (53 (Penalty Parameter) o )il dalaa : A
Losie cpn (o8 calea) Akl e (3l Aitgal) Aludud) (i sl 1 e 5l Jalae
() o) k) A ot Al ALl (8 A Lo ) om0 s U
ALuL) 3 (gl 5yl Ll il oLtV dpnlian (e Jabaall Rnd el el Jls 3)
(14,400).5 ¢Auxa ) UL (1600) A A 0585 Ol < sSa ly 3358 & )5 AlaY)
Ay sl UL (100) s A edd) clbilall
A yay ) e (B g 3 W) cuadl Al o)l 4k Jaad HPF e e 4 s s Adalisa ()
B il e o g Y aing Al o) 8l 45 La sl (n e panl) s CALERYT (g0 L3S Y
AlaYl Yl Al e Ll Do lea (5l Sy ¥ 43l LS ¢(Kutiner, 1994) dala@)
(Alichi, 2015) Lzl Aeil o jad Aoty Alusladl g (Mall 2301 s ) Ll Gl 4l

(Multivariate Approaches) < yiial) saaia e ol dagia ;L

Y1 (e (Multivariate Approaches) <l ysiall diaie x i je dpngia il
aa) g g B Gmnl leiany aa e e BT Gl piaie (et Al sl g 25l asy)
Jal (e dalaidy) 3y il s LSS e ¢Sy 3 (Multiple Variables Simultaneously)
IR e Al pasill galat) JSoa el g eduie H Al ol bl 8 olatW) g dy ) gall paalial) 2aaT
Ay aYaladl alday e L sl aaly O (A (Sialin zhgal (B i) man
.(Jaromir and Papa,2004)

Gkl (w (Kalman Filter Algorithm (KFA)) &l jsadall sania (ellS 485 yla et
0o e sane e KFA derg 3 el il daaie g i pall dyngio pladi ) Jale s 5 <Y
bl ) Allad 2,8 Al 28 55 ) 1S 23 58 S8 e il )l Y sledl
4538 KFA Jaaiys . eladdl e yall o giall (e JI5 45y jlay JiaY) sail) e saaliall ye
i wal) b ia gl jzalal) o bl 8 cilS ) sl il e il s e
o ) Zsal (e KFA 74w J—y5 (Ibhagui & Oyakhilome, 2010)
Sl 5388 L IMA (e (Sad Y alae dadad ADA (e (S (State-Space Models (SSM))
&V SSM zasai o8 Ci¥alaall iy 3aal e 5 Al Clily aladi Wb sl il e
caliall e yuaiall g aaliiall yuaiell G A8l maia 63 Al 5 (Measurement Equation)
AR(1) Autoregressive 512 Dl JS& e 585 Al g (Transition Equation) 4alas
:SSM 353 LS A1 (3) 5 (2) Otlalaal) jelai
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Measurement equation:

Yt =ﬁt i e (2)

Transition equation:

Xt — Tt—] R (3)

598 pasil MVKfin geb a9 HPF < sSun jo clh j0 98 i e pladinl o3 4l jall oda &

z 25l masil (Alichi, 2015; Chen and Goérnicka, 2020) 4wl )3 A Al &5 5 &30l
2 I o il L g el L Aol a8 ol il Jay ) AIMA e s ) ¢ ISl
O paritall ae il B gy BBl gl 23 gail) (e J5Y) Al (s il B g 8

s AY)
(V) iial) Jaa) sl il o Ga il e (7) gl 5 5ad (4) Aslaal) G s
(Y) daiadl
?t == Yt - Y_t ....................................................................... (4)

Jinall il alasi ) B4 e (5) Ualae (8 Gae 9 LS Jaiaall gl Gls (S
(€)) dainall milill deria N A8l ¢(Gy) Jainal) gl (& gaill 5 (7, ;) Bas) 5 elay) 3 yidy

el B gaill e (6) Ualas (b a0 98 WS (Gy) Jadaall iUl & gaill daley
Jaiasll GJL':S\ &b Adara AL ) (Gy) Bas) gl 3 yid &b saill 5 (0GSS) Jy shall
0 Salae dad e dlaie YU (G59) saill ) 52 galls a ils Loty ) (£6)

Gy =06 + (1= 0)Geq + EF  creerrevreereesreeeerreeeesseeseesseessensenns (6)
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e (7) Aalaall aaiad 3 iy i ililas e adiai il 5 gad Alalaal 4l L)

B sad aiadd (8) Alan (& zeata go 58 LS N ¢ i L) gF daray P,y Baal g elal 5 53
ccry paldll g Uaill & giadll b, cadl GLasy) 8 saill 5, Aiial) saldl) e e bl
o ) 5 gad e palal) g Unill (L) J3 g5 5 3 hp <l jlag¥) Sl 8 gaill e
iall Al e i cpa 8 Aol Al ) (SOt uYl Yy St aes P&
Sy ol s sad e Ll el GuSaiy JUlL 5 Lafiinl) 5 @llgiut) blal el (S8
ise iy ey Slaad gl ) aie 3 3l 5 sad e la) IS5 il el
e L) 0l 5 gad aaiedy e LY g Uadl a6 L 5 cApedicadll b gall ool
&5 «Fiscal impulse (o b IS8 bas Fisimp oY) @0l e 4 uiS 45 ) gall jae
saill g callall M) Ao diladl a5l ulal SISl a8 a0dd ) s sede

.L;J\.».aﬁ\}“
P, =P 8] e @)
Y. =a¥, ; + Bir, + B2Acr, + B3Ahp, + BoFiSimp eeeeeeeennnnnnnnns 8)

2a L idll el ae (Unobserved Variable) 2 l—diall yne iUl 5 gad juatia Jay )

LS 483l ) (pania Cag yrall 5 sl V) adiiaill Jaea aladinl o3 (Observed Variable)

5 (YoY%) (¥ adacaill Jana M 7, 5085 3V (9) Phillips curve 4abes 4 58

Y, il 59ad e g7, saa)gelayl 3 5idy ad il o g 7€ adgiall ad i) o aaiad
EF Al dava ) i)

T, =@+ (L — @)+ @Y + EF it Q)

s LS Okun’s mlecdﬂ\sﬂ}@u\'é);ﬂ@&{){ﬂg_usuw\ Jaeddae ol Wl
5oad o gsanl g el 5 sy Leudd e gg, Alanl) 3 528 2aiad 3 (10) Aalas (& i ga
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Jama (Lo (38l DA (e L) el 3 g ol iy 5 g2 Allagl) dera ) Adlia) il
A(11) Aabas (8 mia 90 58 LS U, (NAIRU) Jaisal) AUasl) Jaza g U, (=8l Aday)

W =Pyl g + PV F EL e (10)

Udlae (B imge 98 LS 2350l 7 JA (NAIRU) Jainal) Alladdl Jase s oy

Al ([J,_; saalgela 3 538 e 5 USS Jyshll saall B gaill Jalas o aaiay 3 ¢(12)

&8sl s e Ta 5 5yl i) ASaalipal) ey M) 5 <TG, Adaiaall Al & gl
(13) Aalae & a0 58 WS AR (1) JS3 e 4l dlalae ddla) 25 5 (NATRU

U, =00 +(1-w)U,_4 + UG, + g? ................................... 12)
UG, = w,UG,_{ + g'l:]—G .......................................................... (13)

&l <Labor Force Participation Jeall (5 58 S L juaia g Aladl Jara Jay y o

Alaall (a5 3 (Alichi, 2015) Jsall & Alasll Y axe 2325 1 Jal gall aal (e aa) g yiiny
A Hldiay Ip (rdll Janll (5 84S Jliia g G AN (& [P, Jeall (5 838 jLiia 5 528 )l (14)
ot LS 71, Ul 5508 e g [P,y 5an) s sl 558 Lo aains LS Ty Jaiadl) Jal) (5 38
Ol 3 sl (saall o paill ) Alalal) (5l 8 Alaiaal) AL Gl o iy (15) Aobaa

,(16)213@@%}4@&55”’ L OXTRRP RPENPIRTS

LP, = 1P, — [P;  weeveeereeserseensenstensentessestessessessessessessessenns (14)
l/lpt — 01ﬁt—1 + 192ﬁt + 811?7) .................................................. (15)
— — — . Ip

lpt — 193lpt s + (1 _ 193)lpt—1 + stp ......................................... (16)
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Parameters <Stalaal) 3 _plaa 4

sl G (3 saia e 5 palial) clul Jall I SLEaYL Al al) 73 e 5l 5yl o3
& oA @lla o) a5 (Disyatat, 2013; Alichi, 2015; Chen and Goérnicka, 2020)
el i) I 3 3 gy Al )l e &l S leladl) inms B
(1) Isaall b g 8 LS (Y SLaiN QPM LiSel) 73 5ai b Aariinedl)

- alaall dagd 5 yilea (1) o>

D lalaall Q) s 3al) Guen O alaal) B lee | Al jal) B D alaall 3 ylna
0 0.10 0.20
a 0.80 0.70

B1 -0.04 -0.05
B> 0.51 0.20
B3 0.12 0.20
Ba 0.3 0.4
01 0.25 0.25
@, 0.20 0.25
P, 0.33 0.4
P, 0.20 0.4
Wy 0.10 0.10
w3 0.90 0.90
9, 0.70 0.70
9, 0.30 0.30
93 0.05 0.03
GSs 1.6 1.6
Uss 45 45

Caalll alae) o*
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il 5
pladiuly AUl 3 gad g Jaisall a8l Al jall 50388 235 (1) Galas (2) 5 (1) CulSal Caw
Quarterly Projection Model (QPM) e s a1 3,k an Leii jlia s (MVfin) dagic
A el yall 3 y38 IS LSl (e paall g b alill B gad o) @Al Cui A HPF 48y,
Al ) @l jdisally 4 020 <2009 ale e (AU Caaill 18 2008 ale dala dplag) Ciela
Aad Gl amy Jsail 5 il s DA 96 daws sially caela Al 5 alai@Y) saill Y andl
IR 940, 1 sl Lo zilil) 3 528 s 312015 ale Al £UTLL 2022 ale duled a2l
s A Gl Wl Sl PO Ll Al et <8 @A, 02015 dle e Y &)

.(2022-2013)

ale e J oY) ol JDA s 5e 3508 (3aiaty 2014 ple JOA 458l ) y-55al) Craal
ale (10 %2.6 Jie %34 4 wi L 2014 ale DA salai@Y) saill Jama Jau 3 2015
Y XS 2013 ale IR 9%12.6 Jile %11.9 S AUasll c¥ars & midsl g 2013
ale Al S84 5ae ddais 3 L Juall 2013 JMA 4 gie 4kai 425 (e 32l Cuiaias)
IR Anlag) 3508 i N1 2015 ple oy Jaisall &bl 8 gaill (aléds) aals WS 2014
(1) JSa) i ge 8 LaS o ) el
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Abstract

This study aims to estimate the output gap in the Jordanian economy during the
time period from 2008 to 2022. The methodology employed involves the use of the
Multivariate Kalman filter with financial variables (MVKf{in) to establish a structural
model that interlinks the economic variables. Subsequently, the output gap is estimated
to assess the state of the economy. Additionally, the Hodrick-Prescott filter (HPF) is
employed as another method to estimate the output gap. The results reveal significant
fluctuations in the output gap throughout the study period. Initially, it was positive,
starting from the beginning of the period until mid-2009, supported by positive
indicators of economic growth rates, which averaged 6% during that time. However, the
output gap later turned negative and remained so until the end of 2022, with an exception
observed at the beginning of 2015. The period from 2011 to 2022 was characterized by
significant economic events that had a notable impact on the Jordanian economy,
leading to a decline in economic performance, reflected in an average economic growth
rate of 1.6% from 2016 to 2022, and a rise in the unemployment rate to 22.9% by the
end of 2022.

Keywords: Output Gap, Potential Output, Kalman filter algorithm (KFA).
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The headline inflation rate forecasts using the Long Short-Term Memory

(LSTM) Model.

Prepared by:
Amany Al-Rawashdeh
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The Views in this working paper are solely the responsibility of the author(s) and do not reflect the views of the Central
Bank of Jordan, its board of director, or CBJ management.

Abstract

The paper proposes a new method to forecast the inflation in Jordan using
artificial intelligence. The paper uses (Long Short Term Memory (LSTM)) to predict
inflation for the year 2022 and compares the results with (Autoregressive Moving
Average (ARMA)) model.

The results show that LSTM-based inflation forecasting is more accurate and
closer to actual data, especially when using the Constant Model with monthly data. In
this case, the inflation rate forecasted was 4.2% in 2022, which is the same inflation rate
recorded for the year 2022 and issued by the Department of Statistics. In comparison,
the forecasted inflation rate using ARMA was 4.3% for 2022.Therefore, the constant
model appears to be better for making predictions, and LSTM outperforms ARMA in
terms of accuracy.

keywords: Inflation Rate, Artificial Intelligence, Long Short-Term Memory (LSTM) model,
Autoregressive Moving Average (ARMA) model.

JEL Classification: E31, E37, CO01.
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<& &l g« "Machine Learning" ¥ al=ill s « "Data Analytics"<bball Jilas s
& & 5 "Reinforcement Learning" (sl al=ill 5 ¢ "Neural Networks'" 4zl
LLa¥) aaai sy gaill g il sal g saall g g gaaill agh s Julad 8 il o2a adiig
Al e Je il i 50

Jlas J e e leal) bl o 2yl b el V) oS3 1) a0d
(g )l ydcliall 8 A“g‘zz\ oSailly "Big Data Analytics" 5 Sl clibull
il Cllee s AV A aa il 5 oSN g il pal) e oyl
.(Russell, Norvig, 2016) W & g ¢ 2kl

Ll | i 48l SV lall &l e laa) g 22y el QY1 1SA () J 68 Sy

Jie ¥ laa b Iaaat s &y ol Qi ae ala 553 4d O35S Of o) i) (e daall Wi
Aeliall g adeill 5 a8y Lal
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Machine Learning 4¥) alss a sgia :Lals
asaals g3 SN Artificial Intelligence (Al) eliba¥) olSA) ¢ 5 8 sl ga 1 IV alail
YU i LS calail) dpald ML G pulall rand Al Ll 5 Gila )l &)y gdai g

(Ll g tie A58 ) 3 oyl
aigy s .Computational Statistics A—w sall el as ale aa 7YY ales Jalaiy
Mathematical (=2l Cpaadll alay Jass y g ccaalall aladin) JOA e Gl 5l aiay

Aalial) il e el (s (e YD Bl s e 5S5 s3 «Optimization

&5 bl (e Ao same (3o A il shes ) paiul sa Y alaill 3 Wl W) degall
M1 JSa 3 LS sapadl il JS 5y il e 8 o s ¢l b Lo Bl
OF i€ A8l 3 & (e 8LV Aima olga 20 o guals el o g laiaal 13) AT inay
. (Goodfellow et al., 2016) alas 43) J 58

Training — ML —
data algorithm

(Artificial Neural Networks) 4sasd) ClSEa) a ggda ;UG
43S dday) yia diay dalail & (Artificial Neural Networks) duasll CilSy al)
Ol S lad A A anl) LAY Jie Lealgn A aal) S0 Sl (g2 68 cclinha B0 (40
Cliball A ddaal L) e il ) Al Gll Ca ety Aigee il ) ) 52 Aol
L ghal Gnty 5 A A S Al CB 5 g0 pa s Lgiiaaly Cile gana 8 Lgai s alall
=lihaaY) ¢lSA) Jlae 3 dexdiual ol 0¥ (5 8 (e A saaanll CUSLEN yiad Ly 5
e iy s Lol LS dddle 30y Lalasl i aai g aledll e 5,0 gd V) ala

.(Schmidhuber, 2015) il 10
Slaa ) day g cpaall e 5 a8l) ) jaias A Jatl) 435 s caal) Syl (Kl
OS5 caS) sl (g it Gae 5 G Dl Lo dpsme 4S8 e Jeaad) (g0 DN dlgiaay
Sl dpeal (e L 5 LAl G pomill JUaS) 5l Ay gall sl 1853 Lo Canall 4
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* Long Short-Term Memory (LSTM)

Calaa ) a8 g 8 Aled 3lal Lgie Jray 3813 e W 5l giald (RNN Ayl Sl 450 asl)
. (Bishop, 1995) &Y alxi 4 susa (3l S J Taaa Ylae oidy 5 cliiall

e Laa cledalay lala Ly DS 5 o ((RNIN) Al Sl A aaal) Sy )
hts SRl xt Jiad 3 cdpanll AS0EN e e o JEl JSAN Jiay celiilly il gleall
U pall N3 8l 6 sas) s A e (e il glaall g el A Aala) e o cCila Al
JS A3 (ud (g 8200 e Uil e 5 Sl A mall A0 210 i) (S AU
leitda ) Al ) Jas e

)
(%
Ualsi ) aass ya 5y ySial) dancand) S &l (o AL dgun &) dadall 038 (o 2SS
il a3 e 8 Lgal 350 Hgpmall AS080 dpnlall Al i) 5 ol il 5 Juadlaally i 5
e o il ;&w\wh@kw&cmséﬂa‘;gwycw‘ﬂm oS
RNN dt"_a\.sg.\k.ﬂ\ 0l chJM\éséM\jcb;)ﬂ\j ‘I\aﬂ\&;m) ‘QSJ\
el Jand Al 3 jSiall A aaall S BN (e Jaa Gali g 55 98 5 MLSTMs" aladiul
. (Nielsen, M. 2015).coubiill Jlaa¥) e 55 Juadl caleall (10
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S s Shls Sl
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v
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(2) gl
zlalll 15 Lgile s a3 Al 8 3ad) g cilisal)

dona pdgaly A8 Al gdanll #3laill sl jradllda (90 435S oo ; Keras 4Sa
23 LSTM lSed ellhy 8 Loy Aalidal) dpuaall Z3laill ol aladin¥) Algw 5 dasun
Keras praad a3 ¢(Granll alaill Jae ) 22y 3 TensorFlow o« ls > Keras
s 3 oalall il (e dail 5 de gana Ji5T5 sl Zilaill ol dlee Japul
ALYL Otuall e Glbdall Aaa y ) Aalad) g 3l ol 3 Lgaladinl oSay
2 spaill Akl Clalaall aoadl AasiuY) Alew dgals is Keras o <l L
(Coursee, 2022 ) AnX5

Graadl alaill o s e a3l il it 5 galal) Clluall 43S & :Numpy 48a
23l 8555 calag¥) Badeite iy ae Jandl A0S (preniiinall i Uil dadlaa
Facali )l gty ol puadl (Jie alal) cilliall 8 dacasidll Jisal (e
lax dals NumPy a3 ¢s ,aY) dpaly yl1 <l 521 (e danll 5 bl Cilelany)
Jie el 3aasiall i) e Janll Lgalasiind (S 3 ¢Grandl alaill 5 A1V alas &
Jie il o Jlaall yall cillee Gulais S e bl adaiiy Jaesd
(6 el i ;Y1 e Alma Yl lilendl cpn Sy3nl) il Sl 5 galy oyl
(NumPy community, 2020). 4xbaay) Clay ) ¢l g Jas giall g ol

ST e Baaly yiad g ecilibll dallaal 204505 Python (8 445e & :Pandas 4:55a
(i) aadaii s Jalail Pandas aadius AV alad 5 clibud) dalas 8 Laladin ¢l
Jaxig cla e 3 SQLs Excel 5 CSV lile (853 5o gall bl aa Jalailly sandd g
4lSa) (perdiall =i Serjes s DataFrame Jie SbaY) saasie Cilily Ay 4l e
b omadiall J 5l (4a B _ui€ e pama (panal s e s S S LA pa Jasl
saac ) Jhanig 5 Kall caliladl A3 bl gt Jie ectlilal) Jaaad g Jalas
At el s ‘_,’A faadiall Lilaaly) J)sall fpe daell g ¢yl g o giiall
s Jie el Al allati il Yl calisg 8 sl 5 JS& Pandas a2l
LS Ailaaly) clld)l Jalad s daledl ULl Jdalas o 4alaid o ddladl clilul)
bl apdais 5 Jpaa] Lgalasin) (Say 3) ¢Grand) alaill 5 AV) ala5 8 Pandas aadiud
(McKinney, 2011) bl Je Llasl g 4ibas ) J)sall e paall Gudai

46



all Syuad dligh 8ySIAll 2igal pladluly LISIf QAT (Jasa Silsdgi
pua dligh 3,910 pigal il 5
* Long Short-Term Memory (LSTM)

SEY) Y bl <l ol e Baal 5 o4 :Scikit-Learn - bl 48 5 j=all sklearn 45 o
1S Lo Sl 038 e lilaa¥) oS35 il ole ke 3 Lalasiad 55 e
Llany) Zilall Mty ekl Jeuall e Jaad Al Caillagll 5 Gl 153l (e
aaill Jio algall (e de siie Ao gane (8 Lgaladinl (Say UL e 4yl
Scikit-Learn ahaiul ey e 5 Sad) Qi g bl apani's (g 5l Julall
(Coursee, 2022) . clika¥) ¢SAI gulat 8 283)
oS ecldaladiall 5 e gas 1) ans )} Python 43l 8 4568 3o & Matplotlib 435s o
et b 0 L Lo g a1 g1 3l i pmsamd g oL (3 (ppadiinnal
dle ¥lae b gy Gl e pasid Jadl JS2s Leaghy (5 mmy Sy il
(Coursee, 2022) A58 5 4l 3k Lebitai g il Jilaty alall Canll 5 L
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Aaadall g

ClBe (uSay e s cle aall () gae (e Laga To bl Gl—uall Jia;
laadll g ol ) 8 3 gall COlabeall (e 43 € ¢ aHAd) alladl g & sall iyl 53
100k Lsan s Tald T g caaly (o lad) ) o S (5 88 Jall s Y1 Jaall
saBY) gaill 3 jaa aca

o bia (ol il & YSERY) 0585 o Sy (laa¥) e S
i) iy el g iyl gl il ol 8 QU Qi e g 5 uin
Oe S Of ey > (el Glal) (8 Saal) et LeiSay s ia ) o saill (103 805
&S Al ZUas Al g Jaieall gaill Cld labiaBV) o) s (8 e Lt all JAA e ealan
Lg paSia 8 of i lld a5 DBV ly o 8 Lgie i D A LAl ) Al b
L S 555 ) bl raaa 388 ¢ S DL aBY) 8 Cania ol da HLAd) CYDEAY) 528
G gan g eJlall Gl iy 8 poalial) (i il A el 5 (3l e g jlall el 33
.(Chinn and Prasad, 2003) 2e¥) 4L sk 5 disae )yl

Apia ) Balis 3 (golall lual) (8 Saall y (=ilall 5 l0Y Glalll dga s il o i
e 38310l Jlall Gl ) rlacdl 5 48 gall lanall 530 (e ol Qi) o e s
Gl Al s 30 ST e 05Ky (A ol ) 5585 ST L Jlall Gl 0580 A ol
(Ol sf) e Jadl Gaildll Hlate aass g Ao LAl Cilagil) o) jal die i I sl
oY) A L se sl ludyaadl 5 dgma Al gal Ay sailly (Daal) f) alldll a5 ol
.(Barnes, 2010) o 5iall

O e e Aldinall I grall Jga Jsall 4y I sall Sill (8 saim a5y Slaaadl 128 Jd g
) gall ai ydiny 3 hlaall s (pe aall ciluly ) (L 5 ) sdiall ani g ccile siadll
i Jao Ul 48 ) ) 028 (2 jaS caile 5 A sall aill (3 saial dpud I algall (e Ao sl
il il (o ol sa) ae (sl 28 (3 gaim Dmgial T8 (50 S LAl ) il
Ol e\S il aaf e dadd HLa®Y) &5 3) | )Y sla®Y) dpa saad iV (e
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Clalail (10 415049 o Jsall sl (3 s0ia dmgie dadii (e (8 cJaladll A (50,30
ealladl Mleay! sl Uil e %90 (e ST Jiad a1 5 4030 5 Aadiiall (§ sal
External Balance ) 4 JLal)l (il gall andil (o jlall Gl sl #3500 2 aliny
DY) @) al S Gallall Claasse e dpalaiY) Glaal) L (Assessment: EBA
za ol alladl o gial) e il e Ll e ol yaiiall alhee ae dalail) a5 jlain )
Ll Jal sally il o el Gl all ) 3 ey 138 ) il Jlea
A )50 da ) i JEal Jaa (ad | allal) Jans giall aa 45 el annd JS55 481 jranall
(Al Adlise dlle awa )l (5 AY) (bl Jadiag Le i (gl Claal) e da Sal)
Claall e fame b poiie 5 Jalaty eansy 5 (ol ylaY) daetie (SLusV gl 138 Gy
Sl Bl (lal) Gluall clsase LAl alyy  ia s aall 4358 ) (a2l (gl
Aad gial) Aol a8 ABDall ao A8) sia 30l o lelaall S 13 Lo 5 Apal ) 4yl

.(Cubeddu et al, 2019) 4sibas] A¥a &3
ol sl ) add JiaY) (5 siwuall a5 lwtial ) Al 5l Ciagl eale
External Balance ) (Js) 383} (3 satia dngiay LlaiuYL (Current Account Norms)
ol padl lade e ol eLlhg ¢(Assessment Lite Methodology (EBA Lite)
e 55 (3o ol s3I Al i sl A yall o3 51 3 Y o) sine e (5l laeal
s aall 5 e85 51 el e Jalaill 401 5 Gaadail) Cus e cpfialall ple as e
(sl 28l (3 gaiaa Ji (e deddiuall (Current Account Norms) s daagie adding
Lagiall o OLaeill (ars ¢ ) ge JiaY) ol s e 5 lal) luall Gl yail i)
dpngiall 8 Jadb p Hlaill o1S AN panaty @lld 5 ¢ 3 )Y) SlaBV) pailiad s Ak ol g1l
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ALl el 2 2

Caagd bl Hall (e sl 8 3exi5 ) (EBA Lite) (o 9l 368 (3 923 im dingia )
Q3 8wt i 3 ¢l el i e ial) Gyl e YR o
oo Al ) b pall oda 53 Y UL g caclue paieS (Current Account Norms)
o) U< (g el il YAl

Buaa 5 dall Jall (o plall sl () jae sk Al 0 (Rahman, 2008) @G 3
Al 5038 Az lia A50 2] (Ao Auljall e cilaidly a5, 5Y) 2V (8 4 suiaal)
il (Macroeconomic Balance Approach) (o sall 2l (3 921 a dingia aladd Ll
(2006-1992 ) 5yl JMA by (JiaY) ol siusa (o iinll (g oladl ol el ol i)
O (M Al Al Ciaa g5 55N Jsall (2006-1971 ) 53l JBA 5 A NEsY) Clala@
2l Auliie 43y play ) jaty 20al) 5 dall g5 AV elime Y o lall sl () e
oaall sl Bl 4y ) sean (e JS Ciia 2006 ple 88 Al yall die s AY) Jsall as
O O (A el Cluall o) e (8 Tt o) 11 i) L gl LSl gl 5 il 5a g
(bl Jsa g Lila sy s Lyl e JSI Sl

Alad JL ol siass e (el o) il jadh (530 a5 (Rohn, 2012) o6 LS
External ) 44 b (e JSH(EBA) (sl 28} (3 gaiim dungia Aol pall Cheddil 3) LS 53
(Macroeconomic Balance Approach) 442 ks (Susutainability Approach
O b sl Claall Haal JiaY) (5 sl O ) it Hhall IS 8 il a5
astaa ¥l sl Ul (e A€ 9455 5%3.0

28il) (3 gaiea dpagia Caeadinl Al (Bkinei, M., and Kiling, Z., 2013) 4wl 3 5
5 ¢(oalll) S 5 Aleall sl Jladl) Giyall ja v 85 Cadgs (EBA) (o))
ol sl 5508 585 JYA (e (glal) il el Gl aiy) cl ib e chadie
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% f A il s 5l ca 3 Al Al b a gy Al sl 38
e - —a re— J S A @

2012-2010 Al _all o _jié J sk 5315l

QSN OIS Amgia 0 JS Je (Wright, 2013) 4wl )3 G sl LaS
rnhll Adall Gy all x4 agia g (Macroeconomic Balance Approach)
Jadll (o yall 2w a8l (Natural Real Exchange Rate Approach, NATREX)
Al Al s 99¢2010-1990 o) J3A @l 5 ¢(Silaladl Y sall) Ilals Alaal gal)
Lo sl o) Cua Legin Gl 8y oAl daph o iy ylall GB\S.'J\ YLy
Al s 305l o) s e o paall yra ol el ) Gy lall T g A jall 4l cilia 3
Ll Ll i Al 5 W) slie o o i

SlaBY) il jxie G Y 5 4Ball a5 Cadgs (Comunale, 2015) das) )2 el g
(REER Misalignment) () 28La¥ls ¢ saill cdadil) ¢ 3 alaall s jlaiiny) Jie <)
— 1994 5_ydll JUA (A8 530 Lg sl o s J o e Al jall o jlal) cluall e
Consultative Group on ) s 28l 3931 a dagia e dldie YL &llhg 2012
Macroeconomic Balance ) 4xsgie 423u¥L 5 «(Exchange Rates (CGER) models
Clall e dage A83e elliad ) il el anas o)) ekl )5 ((approach
e il 8 S5 dage A8Dle elliay (REER Misalignment) o) ges & s bl
ol Gluall

@Bl Y 3
Al 38a Caagy Liala Talaia) (o jladl Gl abaiy) il il g
Aalain) Maa e g AaalaBY) Gl juadall e paall & S il el W ol bl
s iy i) e apaadl ARGl a5 Ol all il s s slad) )
A S 13 Lalxina (g lall Gluall Sae )5S0 le JS03 G liie ina ) 2503 lgasan
il g i Lesie Lalione e (05Ss ¢ Gaall 138 Jisal (8 88 o JA (i Jiall
sl Hlaul g lai ) A gas a8 A5 Ganl) 1aa Jysad e Aia ¥ JlseY) Guss)
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(haall Sl & VDAY ey AL YU dyila ) Aleadl dad pad i Al
(Wong et al, 2002) (o sl a8} (3 saiea du) jo @ jliTs (2015 ddanall saill ddal)
G0 %5 (el a5 T paina 1 ae G813 Lot e 58 skl Claall Sae ¢
(e sl mlll
g Qlaadl 1.3

s daall g claaall g al ) 8 4 all COllrall (g el ilsall Cay o ey

:(Wong et al, 2002) &l Aabaall T 5 (5 jlall Cluall oy g 5 Jall 5

CA; =X, — My+ TR+ NFI; oo (1)

cQ\JJM\ LA\ J...\.ﬁﬁ M cQ\JJLaj\ L_A\ _):h.n:l X ‘Lﬁ_)\éj‘ k._iLa.uAJ‘ L_A‘ _):h.u:l CA O\ J\
ts g JA e Jaall Jalge dla ) 5233 NFT cdladl &b sail) Jdla ) 033 TR

el oa

A0y 5 5adll g ol el 1,1.3

U FR B O PP WV FP PN (R SN TP O - WO LT VN (P
Aadaiall 038 (o)) I (Milesi-Ferretti and Razin, 1996) 4wl )3 < jlil s sai8U
tst WS (Ol A5y Hla) il Aalas (e gz

Yt - Ct + It + Xt - Mt T (2)

(I)ealadl s Galal) AgE w1 o (Cy)elaa¥) ) 5l I e 35 (Yy) o 3
sl Ja a0 LS gl ol el (1 55 (X — Mp)solall s paldll jlains)
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sl il (e JS pen Jalas (5 sy (535 Y 0 JAa) Gulin SSTH(GDIL) bl
Rl el se la s daalal) A jlall ol il 5 JlaaY)

GDI, = Yy 4+ TRy + NFIp oooe e e coe s e s e e e e e (3)

i sd) e Ul el Jandl Jleal e o lie 58 (S)) esil) LAY o LS
el

Se = GDIy — Cp oo eos oo oo e oo ()
il el (Say (1) 5 (3) 5 (4) DYl (e
CAL = St = L woe e oo oo es e e eee e e e (5)

DAY (5l Cludiad JUA (g 238 (g kall lall ) e (b (5) Aobaal) iy

roh WS (5) alaal) debpa ale ) Sy plaiin)

CA = (St = T)p + (St = 10)g o eoseoecoe oe s e e eee e (6)

(g) sl g Wadll 5 (P) Lalad) g Uadll (p  aall Slai®dU Loy aads (6) alaall ia yai
Guias DA (e Ll Al sai (S ((Sy — 1) g < 0) (oosSall Gaall JUl) Jin e

e aall ol jae 8 gkl Ol saal Sae @l (€A < 0) sl Saall

54




O b @lall ciluuall Bg-ab ygad

EBA: External Balance Assessment ) 3sai U g ¢ jladl Gluad) paiidngia2 3
(Model

(¢ 3m sl 13 3 pal) il (3500 m e 8yl ) (e spaad) ) Sl ul
z -5 Sas «(Phillips et al. 2013) s (Lee et al. 2008) s (Cubeddu et al. 2019) Jis

AU Y1 laasYI IR (e g lad) bl B gad il Dmgiall o3gd (5 daill Ll

—

CA

(7) =+ XB+PY i (7)
o)A
llaa¥) Jaall sl ) A s lall Clual) dua ;(C%A)
¢ (Non-policy Variables) 43baB@¥) Slulally ddasi jall ye Ol jaiall 48 shian 8 X
a5y Al A€ il Adleiall el 5 dpaliV g dpia¥) Jaall e Jie
Policy ) mlai¥l cilulpdl 48l b ol yuiall ami ) ddsiad) o P
‘; d;dﬂ\j U"\Aj‘ &M uLAle\} TS dS.uu Jaxadll L;Ld\ .J:\m‘)S\ Jia 6(Variables
Asall o o sSall BN 5 a1 Copeall e (5 s

e Py ok Al (Sa ¢(Policy Variables) 4 4 se yall asill o P* o (il sl
rsle dsanll (7) Aalaall G i hall

CA
() =a+XB+P'y+ P =PV ti i cve e e e (8)
LA J | |
| |
(EBA Current Account Norm) (Contribution of Policy Gaps)
Lﬁﬂ\ L..g‘)l._;l\ Claall 5 gt Jiag 1A G yarial) (pe Aailill 3 ganall daalise
ALy bl e canliy Aodlaidy) Glaladly A8

55




by il @alnisyl Glwljall dlao

«(Phillips et al. 2013) &l 33 A sl 2all (3 gxia (he 5 yobin dungia Y iy

sopand I (8) Aalaal) apusli (S

@A sl sl (s sie i (EBA Current Account Norm) Js¥! ¢ jadl cawy -
g 058 Laie golall Cluadl e (A dAplail¥) Cluluddl ae iy
sl e (Policy Variables) 4wbaidyl Glubuadly 483l D) &l i)
(6 sial) die (5 A Y) Al < priall gaea o M ALLYL (PF) JiY) 5l st sall
Ll Rl

s Al g coall a5 5ad 3 Al cilulpud) dealue JAY) 6 all Jiayy -
O laalusall 238 Ll 25 g i) ol sise o il 5 lal) Ciluall (5 gl Cal yail
ABal)l il Dl yuaiall a8 5 a8kl O3l (e IS @ pa duals JOA
(P — P*) Alaall 6 5ad 5 Apalaid¥) clulandly

Lee ) s (Cubeddu et al. 2019) e Taliis) s (EBA CA Model) ngie o 2l

Aalaall 885 (5 jladl a5 528 085 Sy (Phillips et al. 2013) s (et al. 2008

Al
CA
Total CA gap = (7) — EBACANorm ..o ceivev v e eee e . (9)
— (CA> cA P — Py 10
=\7 v Y| e . (10)
= Regression Residual + (P — P*)'y ... ... ... (11)

8oadll (u€a3 Y (5 ladl Clusall 5 sad 8 alaBy) i) daalise o) () yady 138
@ld gAY Glaldl 8 4ol bl 55l el LSl 5 ccanad el Al Lalall
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) Cloall B 5 gl 4y sy Lo B ¢ all 2L g jlal) ilall 5 55 e 3850
.(Total CA gap)
s Gluall 8 gad Giludal 3.3

LA‘; (EBA CA Model) ng_)u\ g_\LuAJ\ CJ}A.\S ‘”s_ut_u‘j\ _)\..\;.1\2“ :*\_IL'S sale USA:I

;&\ﬂ\ I
ﬂ = + XCyC’ﬁC:yC +Xlﬁ + P,y + e (12)
GDP
o))
.(Policy Variables) abai¥) cilulually 483al) <uld <l juaia 48 shias P

.(Non-Policy Variables) 40bai®¥) cilulually das jall jpe <l paiall 48 séias X
.(Cyclical Factors) 45 &yl 48 sdma ;X €Y€
il (5l aa) nd giall dail sl S sale ) Ky 3 siall i labaall aladi
SR Lk e g S R P W PR PN |

—

CA — A
—— =a + XVIpyc+ X’ PV . (1
s =+ XVFT A+ X+ P'Y (13)

Gl Al ) el A sl ) I PR ) i) 3 LS
Julad Sy U (e P Aiball lead ae il Y 38 ) 5 (policy variables) dlai@y)
il JSE e ol e 23 3 laas)

G% = @+XB+P'P  +XVBYE +(P-P)7Y .. (14)
Cyclically-adjusted CA Cyclical component Policy gap
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Sl gl lall () 33e 58 (Cyelically-adjusted CA norm) Js¥) s 3all )i 3)

O o=l 8L s (Non-Policy Variables) dall—a®®y) 4y il Ol juaiall aues A (0

Ll s e e WAAS o5 (Policy Variables) dpl—oa®Y) il uly ol & jpaie aaes
LS (Cyclical effects) 4 sall <l 53l deiiws ) 5 s siall aall e P* 4 5e yall
ol B gad he JS dealoa Gty 31 2 32l g8 5 (Cyclical component) (&SG ¢ 3l ol
(Policy gap) <dUll ¢ 3all o) cps (&8 giall (g lall sl (o )il Jalll Jaza g
SN sl iV (A e el il giasal) e dulud) &) jpatia Cal el dealase (s2e Gy
i) ol st e s lal) luall () Sl
Cyclically-adjusted CA ) — 428 siall s L dall 2l (e JS et gy s e
35 (CA Norm) 4l el el ae (gl ¥ 8 5 jlall Gl—wall o) 5 Q4 ¢(norm
Ll g1e die ol Apala®@V) Gl wdls Aoy yall &) yuaiall dgead) dasll () <5 Ladie

.(Cubeddu et al. 2019) Jau siall s2all Ao 43 & all

;s WS (Cyclically-adjusted CA norm) < as (Say g

CAcyc—adj. CA ,
= — XYCBYC e et e v (15
GDP GDP B (15)

Al Al i gaig daagiall 2
i€ 5l lall Bl Al s 5 callay (o jladl (a5 5 i)
o ALaYL s Al Cloal) a5 A je ol 3y jleeall Adaiil) o2a o)) LaS 6y jlina
Zkaill s Cliagiall (g yad Al AL Gl Hall 5 Slpa¥) e aaal) @llia 5 (o puall je
Debelle and ) Je—i 3l 5 ¢ jladl il all &y Jlaall Adaiill 5383 8 deddd Ll

(Gruber and Kamin, 2007)s (Chinn and Prasad, 2003)s (Faruqee, 1996
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Phillips et al, ).s (Bussiére et al, 2010)_s (Lee et al, 2008)_s (Barnes et al, 2010) s

.(Moral-Benito and R6hn, 2016) 5 (2013

External ) daagia o alaie YU g lall Gluall 5 gad jaaaty Al jall oda o sdiu cale 4
B8 (e 8 shaall g ¢ A gall 2831 (3 925 a Ju8 (1 Axiall (Balance Assessment: EBA
el kil e apadl e Ja 5 ) il g sk 8 Amgiall 538 a3 3] cydialll
lall 05 Argada 4y o) Y ¢l il e i) dpea ) cld A 50l
sl bl o 5 il o388 ) J g gl Gll3 (s AY) Jsall Q\M@MUJJL.;J\;J\
[(Phillips et al. 2013) & JS&

de ganall e i VL2012 ple A (EBA) (sl adill (3 saiim dungia y shai a3 28
(Consultative Group on Exchange Rate s j—all jxw Lliady duieall 4y )L uY)
) Dl el a5 (8 dangiall 228 Cladlus (oS35 Jssues: CGER  Methodology).
oy okl Cladl (6 5 udd (norms) gllasas A8zl g 4o HA) ()l gall e i
sie Fopaal) Al Y1l )y 4t e S e e DKl o315 ¢ il iyl
.(Cubeddu et al, 2019) Jia¥! (s siuall

JiaY) o) siase e adall Jladl) Ca yall yaa ol yadl 508 Al 23 salll Caagy
(st dae i (3,k A8 A (4 (REER Misalignment)

EBA Current Account Model (CA) ol cluall 73 g0 -]

EBA Real Effective Exchange Rate Model &8sl Jdll (o ypall jmw 73 908 -2
(REER)

EBA External Sustainability Approach (ES) 4 )il dalxiny) e -3
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EBA CA ) ¥ dae il diagially dlai V) Copw Al jall 38 a2 Y
¢! (Cubeddu et al. 2019) Al s <)Ll A (s olall Qlusall 3 528 50385 Caags (Model
Opanat] JSH Slai®Y) 8 Adlud) bl 5ol 5 sl e gl 5 s2e e adic) z3 saill 138
Chinn and ) Jie Ll 5 HLay) 5 s lall cluall & i ) e piall y clasadl)
Lee et al. )5 (Gruber and Kamin, 2007)_s (Chinn and Ito, 2007)s (Prasad, 2003
.(Coutinho et al, 2018) (Gagnon, 2017)_s (Bussicre et al. 2010)5 (2008
A Y @l pdall Gy 2l g sVl zigai 1.4

Positive olan¥) dalaill dalaill e e 65 0o gl Gl—uall #3500 0 S5
gl Je ¥ Jdasll S 5 3) Normative Evaluation (s baal) axill g Analysis
Panel alxY) aaxie Jodaill JMA (e s ladl (lsall i agd () a5 ¢ lasaY)
Al Sl st ol o) il oS ) (6 jbiral) sl axi iy (s 8 Regressions
s siwa O BUAY) Policy Gaps dusland) 3528 aalus 538 & g s yall" ol duniliall
el 138 Coay caile 5 g lall luall 3 928 8 (48 58 yall (5 glunall 5 =l Al
LealoaY okl el s el cluall 23 sai b da 3l lass¥) Jal se

o i G i)l A e s oladl luall 5085 73 sai olial Aslaall eia 533
P N DV P ENC Y I A

CA = CA(P, X5, Xe) coe e cve e v et s v s s e e o (16))

513
(el sl 28Ul e 4 gie A€ (g lall Qluadl dua ) :CA
.(Policy Variables) 4baB¥l Glulually ddasi jall il jxiall P
.(Non-policy fundamentals) 43ba®¥) Clulpdly ddas jo il Gl jaiall (X

.(Cyclical Factors) 4 sall Jal g2l : X,
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Al Y @l piall iy 23 1.1.4

b psiall s Al ) ol e A 5 eclid SO b Lgdyial (S il paaial) G a3l
Alpaall sl jaly bl IS i Al < jaaia G2 A sall Jal all 5 dpuslpnd) e
age Ll laSiial e eday G pati Al et ) e el Gl as
Coutinho et ) ¢s_badl luall 8 (5 sl & sSall Jaili g8 4y ) gall Jal galls (3lachy Lasd Ll
i S Jradi L ladd g ¢(al, 2018

(Policy Variables) 4zbai®y) cilulpdly Ao jal) &) piial) 1.1.1.4
$o98 ISy Jarad) (Al 2 )
(cyclically-adjusted fiscal balance) s> JS&y Janall Il dpa HlI alasin) o4
5 sl 8 A (& Laic Tlall 253 sl (5 stana sb 5 o oallal) adagied Aol
ollen ¥l 5 g (5 65 Lavic: Fualall 43 31 sall (555 na s 5f il _ill sl
.(GDP at potential) i (5 sbusi
Ledind cale Sy adaty ¥ (52 Syl 58Sl G Ay ol il Hall (e 2l (5 53
) pall el (e (S ) il Ll 8 Ll Ll f g3l jane e sSall i
i) LGN 5 Y1 s o3 (gl 3 58 Capasy JA s e (JelS IS
a5 il )l e anll i3 celld ) ALYl ool luall o315 ) Ayl
A wiS 45 ) gall jae gLl o ) (Abbas et al. 2011)5 (Gagnon, 2017) Jie 4L
e O Gealld g malil) A uiS g lall Glwall ae il ) ) (g2 &8l )
ol hal)
Jae gLl (lé (Mundell- Fleming, 1962 ) zdsell Uiy : 151 jlaill dgay -
Caiiih o Sall B (5 5iue gL )by o oo sSall BLABY) 3ol ) Aais 3 4351 sall
Jalie Adaall Alaall Gy m ja s plan ) ) g0 Law ddaall dlaall e cailaY)
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el ) STl ) gl e Al Aleal) o a5 cApnia ) L)
iy Lae Al J8 ) jaloall sramai s el ) sl (e 2y 3 Lae 4815 (8 5 (il sall
Alall ae ol e )l O jaall Jae M dagm g ol jalall (e
s e Gl S s ol Gl el Dae (A A5l Sae o ey g )]l
(Twin Deficits) alsill aall (30 Lia sLaid¥)
330 ) 0o aniy A sall dalall 45 3) sall Jae Of GunaliaBY) (any (5 Anll) jhailldgay -
(2 5iae il b ¢ SN Callall yalie (e e Sl BLEY) O ey o sSall Gla3Y)
30 Rl (5 5 se gl 5 ¢ e sSal) BN Adel_ime 401 e Jaall il )
.(Darrat, A.F. 1988) ¢s_ladll () jaall (2 Jaall ana aiiid iy ) 5l e llal)
Foreign exchange ) Jua) Gl Ao byl ga 393 9 aa ia¥) cdlaad) A& Jaxil) 2
(intervention with Capital Controls
Ueall Co yn o o daga @l il iaW) Goyoiall s (35 8 A @llia
Cm2 3306 (EBA CA Model) dingie O 3 s lall laall e o550 i (53l 5 dlaal)
(FXI) Jiiai o5 «(FXIT/ GDP ratio) 585 5_sedi e JA (e il o34 e V)
e b ame lea¥) sl zlil) I A s dpia ) callalgay) el DA e
o 258 lla (IS 13) 1 da8 330 53l (Index of Capital Controls) ! ul ) s
Al el 5 A8 a (B s an g clllia GISIY iea g cJlall (1l 38 5a
bl U8y S5 Y Y S Jall Guly s A gl A el 3kl Y Tl
Glaall e oAV clupndl 5 4AS e il e 815 e Al (g lad) Gl e
& Al 0 5SH Ol ed) s (s ) AS pad Aalidg s 2 sa g ie (Ul di e skl

3 A dga s alaedl aiad Jlaal s o) Claaldl e jilie 5l pia V) cBleadl (§ g
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Ot () (5355 Ca g ) (e A€ ldalia) oS0 53 sl Ll (ol AS e
.(Phillips et al. 2013) «(Cubeddu et al. 2019) ¢_ladl Cluall 3
Aaa¥) Aaall Ul (e 4uiS (Private Credit) oald) gUadll oLyl 3

BB G Eia e ) Jad) gl ) A Galal) ¢ Uil Gleisy) aladial L
B ol ) sam Lae Qa1 83l & ey laall allall 5 3a o Sy laisY)
(el 5L Gl 31 31 Sl (i old el aa s (Chen et al. 2016) o) bl
oo Sea ! sl glil) U dy il alall g Uadll L) ol jail aladt iy Gl
Ay palal) Ay ) Jau sial)
W (e 4uiS (Public Health Expenditure) 4aall o agSall W) 4

ey sl

Al JlaaW) sl 8l e dp i€ Al e o sSall GLaY) alads ) o3
cellall ada gial

(Non-policy fundamentals) 43uai®y) clubudly ddagi jal) 8 ) ital) 2.1.1.4
(Net Foreign Assets) 4xial¥) Jga¥) Ala 1
A5 e M) il U s Aia¥) sl a 8i3e 2 sall (paiay
S5 )OS Le ol Aia¥) Jsa¥) s ol lan Jaall s 8 i) ey
:JUIS ((Chen et al. 2016) tuSe 5l L sl g lall Clual) e
Sl Blse e dpial¥) J sl ila (e dlle @il sive Ll L) Glalll Juasio (Y
Gluall s NFA On 403,k 48le a5y Julls gl cluall 8 cuaas Ul
.(Cubeddu et al. 2019) ¢\l

Jasi o (NFA) duia¥) Jpa¥l o oo dille il sive Leaad ) olalill (K Ll
i e dglle il gl Ll A1 laldl Z st s o lal) luall 3 5SH jae Ll
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O oSt o lal) a8 el saa )i e Lliadl L)) (NFL) dniaY) o seadll
(gl luall s NFA O e A83e a5a 5 (MUl Letlal S s

W () A (NFA) Lasin ) J sV (Al ialy) G ) 500l dail) e 5

Closall 8 (i & gia 31 .39 A s ¢ i Bas) 5 3y sie Adais laiag Jlaa¥) ol

ol

Oy 3 s olall laall (5155 e NFA 3 haall s 5l Leayl 73 gl a5

han) (0 %60 Al (e JETNFA (5 sine 58 Latie a5 (g sbans Tiat 5 1 i Lz
) (0 %60 Al G STNFA (s simse 55 edie jia s e eyl sl il
s alaDl iy i e Ay i 5 A i) o3 apaa 5 38 5 ¢ Jlaal) el il

A gall 450 hae (B Apa gae A g2 amal Alle Ja gy (e ) g cMaastricht Treaty
i) 138 e Cangll s da g il aalS  Maa ) Asall gilill (10 %60 A slaii Y guaall
saaf paend ) dalas Olalll G ) e Las «mlaall e 5 -dlaal) 5V LGN 5a
Joa Al Lalainl Tanags J< Glld (Y s Zad e Lglal 3301 0 585 Ladie 5 jlad) sl
(Productivity) 4alidy) 2
So Slea) sl zll) Aoy (s Al g calall gl Apaliny) (5 sl aladil o4
<13 Ol (Ll Gl yAS a A ALY (s sise g Sleliia ¢(64-15) 4 el Ll S
S et I Gille 35 ge Gaiatl Aaddiall Laliy) i lalid) i 55 Alal) dealiay]
6 sine s LS 5 ladl colual) 8 dadi ye baa )l @llial ) dllad) dpalisy) il
Aasdial) dualiyl cld glalil) ) JWdl Gl Gdas 2l Ao JWdl (il ) 38 s 2 zhay)
.(Moral-Benito and R6hn, 2016)
O () LSOV L8 cJlall Gl ) ASpa e o s asa g b G s el aag
AL e Usal & Allall aliy) oY 1500 Bsa se O Y 3 (5 lad) il ual) s dualisy)
SNl ) Al 5 el saa )i ¢ i )L Jadi yi <o 5 (Tradable Sectors) 3_aliall
4l gai 531 13) Ll (Cubeddu et al, 2019) ksl luall 8 daili ya 32 )
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<8 9w (Appreciation) <8 _—all x g lé ) ) (5alid] AL cileUasll (ja) 2l yal)
ol Cluall 3aa )l (aiass
(Demographics) 4xilSad) 4us a3 3

Age Old) 43 s ill AleY) 40 5 ¢(Population Growth) (SSadl gaill aladia &3
Lalll ey Jaladll 8 (Aging Speed) 43 sax 3l e w5 «(Ratio Dependency
Jal A W gae Lol cplladdl &0l (e eV e canll cald ylalal) ld Ay ylasl)
3t 2 iyl S ) il Y e a5 el A it (5 jla b 32n  g
O Faaddia Bava b Aadi e Alle) il sinie 5 43 53080 s (B QIS e ST panas e
.(Cubeddu et al, 2019) sl cluall

Ll i s a5l bl e W) dandl 5 e "38 pa08ll Ao jut ydise Janyg
Jalxiall Jaadl 3 el T 5 2 0ad) AMle W1 A pe Je il DA (e il ol 0l jaaall e
.(Overlapping Generation (OLG) Model)

:(Growth forecast) soill lad g3 4
Jsall o1 3 eda giall (gaall & adal) el Asall 3l Cilad 65 3 gaill ety
aaly Laa Jalall ) Jlall Gl caldds e 2y 3all Al ) e il e ) clad i) <l

.(Cubeddu et al, 2019) solall Cluall st

:(Country risk) 2l Jhlda 5

sl Jalall Glily de gana e all ICRG Institutional Index g slaie ) &3
2 . - - o F
b gie Jiag A5 ¢ Jilaill 4 (International Country Risk Guide) 4 kdll jlalasll
let s S e duued
.(Socioeconomic Conditions) 4baB¥ 5 Liclaia¥l cay bl ]
.(Investment Profile) Jlaiiu¥) Cale
.(Corruption) 2tudl)
.(Religious Tensions) 4xad8y) il jlarzay)

.(Democratic Accountability) 4kl il s Lol

[T O TR Y
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RO A EPRUIT N (S| GNP N I | PR ON ev DRSNSV LY - D PO
Z AN Ol Gl i 3aly 5 8 sl Law ¢ ST jhalaa e (g shaii Ll e 415l
.(Cubeddu et al, 2019) sl Cluall & saxill
s Jlad) g Jadil) e il yalall L6

(A3834) B3Il ye 3 )l gall ge Jladl g Jadill 3 lad (aild G Je laall alaai ) S
Ol OSay Ll Jadill JA0 (e ¢ 3 ) prdall 138 528 (Resource Temporariness)
Lol 320 Jy ccuad Sl adill 3 a3 (e (il i gall Jaily W 5 aaall alil la ja
2 ) sal) aﬁygi)m;;&d\ PR EEnA| aAJ\)ALoﬂgL@.gée.JALa:\‘éﬂ\:\L)Aﬂ Dlie ) A
(30 5all 038 e X5l a1 ) Uy Ay Ll
(Cyclical Factors) 42 Jal s2d) 3.1.1.4

o Al s s olall sl s e € IS 50 4 5l Jal gal) 355 0 (S
Jarall g lall Cluall (ulie FELEY el (5 jladl Cluall dua ) (e 5 a8l La JBT 3y a3

5l Jal sall o3 Jaii s Jaws siall saall e 3Ll 5 (cyclically adjusted) b s

:(Output gap) W 3528 1

Qllll Car ALY Qﬁ)\;l\ sl ‘53 Lﬁ)}ﬂ‘ ¢ al) Lalaily c_\\_ﬂ\ EPEX JRCR Y
A ) (aledil s aay) sal ) ) (Rl ) ZUSY) 5 sad L ey 53l ) sl
alall 83 5 (Ul 5 el SLaiiad) e 2 3alls Jasi 53 Anlad¥) il 5528 G s
:(Terms of trade) ¢l Jalidl) gl 2

e el e el bl iy Gl il 5 cadad] (5 laill Jalal) Ja g 8 3 saill aadiany
8 ) sall il yuall e VAN g kel ZLY) (5 gise e Steliia cal ) e il
Y5 el Jaliill Ja g 8 8 Ja¥) b _ppead LI 55 o @ sial) (e 3 s lall laall
ol Claad) e dunlul) alud) 8 Lo
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el 48y pha g dinl) 2.4

-2000) 38l JA 4 g il phadt il (2, (ol Gl 3 i s o
axa 33023 3) | a0 el 1S5 Al aa) i A g 16 — il cla S 3) (2022
Lol ASLaall) o sl o34 5 S 5l a1 i 5 lad by (<05 el
(Ol il Uy S (LS 5 el cpaal s pa¥) Bamiall LY 1 ¢ yomn s pu
oesial o 30 (U gial e 30la L 3350 ¢l pun gmn iy 3 el 55 ecoiin ¥ eyl
Y 8 A3 JST @l siaaal) s <l ,alall 5 jlatll ana cive i 8 saas o 5 5Y1 o3
R

235l iyt maen il e J geanll G jalas e paall e a2 LS
S0 OYA Y1 G el cluall 3oa8 i ol aY Al b sl mealy il
a8 e ) pliall (dgall adill (§500a by e IS e Jaili Al ¢(2022-2000)
Gliln Bac 8 83 ) gliial) Cililull de gana ) ALaYL ((WEQ) drallal) alady) iyl
Philip R. Lane and J# (= W3l o3 Al 5 (External Wealth of Nations Dataset)
J oDl dasigas dadie Gl a8 el Cua Gian Maria Milesi-Ferretti (2007)
L siws Ghasdll «(Chinn-Tto Index) sises cbasiall aaY) Cilily ac) 5 cdpia¥) o sasdll
o alaie Y el 1) ol 7L (5 siva Gy 3 5 ((KAOPEN) by 32c8 d
Exchange ) Jsdl on Qlldl clleadl Jea Jsall asill §soual gsuall il
Al Ailasyl dxal yall 5 ¢ (Arrangements and Exchange Restrictions, AREAER
sl el cillaia g «(BP Statistical Review of World Energy) J# (s allall 8
World Development Indicators, )s (World integrated Trade Solutions, WITS)
5_3Lall ¢(International Country Risk Guide, ICRG dataset) ) 4dLayb «(WDI
s . Jsll (& Lhlaall Gl ey Slly J365 s (HAVER daala clily sacl (o
L jalan s il 8 Gasdisall il uaiall (1) pd ) Jsaal)
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Jalaill 8 daddiisall il yuadall o(1) J g2

Variable Source

CA/GDP WEO
External Wealth of Nations Database by Philip R. Lane

L.(NFA/GDP) and Gian Maria Milesi-Ferretti
L.Output per worker WEO, UN population, PPP GDP/Population(15-64)
Capital control index
(between 0 and 1) http://web.pdx_edu/~ito/Chinn-lto_website.htm
based on Chinn-Ito p: pax. - )
index
Oil trade balance/GDP WITS
Gas trade
balance/GDP WITS
Oil resource
temporariness index / BP Statistical Review of World Energy
Norway index in 2000
Gas resource
temporariness index / BP Statistical Review of World Energy
Norway index in 2000
Dependency ratio UN population, Population (65+)/Population (30-64)
Life Expectancy at .
age 45 UN population
Life Expectancy at
age 45 * Future UN population
dependency ratio
Population growth UN population
GDP growth-forecast WEO
in 5 years
Share in world WEO
reserves
Terms of trade of COMTRADE
goods
Trade openness COMTRADE
ICRG 12 Institutional https://dataverse.harvard.edu/
Index (0-1) dataset.xhtml?persistentld=doi:10.7910/DVN/4A4YHTPU
Output gap WEQO, or HP filter
Private credit/GDP WDI
Cyclically adjusted FAD (Fiscal Monitor), WEQ, or estimation
fiscal balance
Imports of goods and
services/GDP COMTRADE
Exports of goods and
services/GDP COMTRADE
Public Health World Health Organaizaion
Expenditure

olialdl dlae) : aadll
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GLS: poo]ed) iaarall 5 —all Glay yall 48y Hha e\.l';:\__u\_) CJ)A.\M 383 px 28 o
Glowal) Glaasse o) cwn M g AR (1) ges—al v ¢(Generalized Least Squares
.(Cubeddu et al. 2019) ¢aa¥) o 13 Lol ) A @llia 5 jlall

i) 73 gl uills 2.4

e ol liall 23 sai & da ol lasaVl el gl jasall il ¢ el 12 8Ly
plare O LS cdaal a4 Hlaill e le (S 5y i) ilis ) 63 3] 5 ladl Ll

el =3 1(2) s

average

Policy Variables
. Coef. | Std. Err. P>|z|
Variable
b se p-value
Cyclically adjusted fiscal balance, relative to world 0434 | 0.119 3 646 0.000
average
- — -
Change in reserves/GDP*K-Control, relative to world 0574 | 0.123 4.657 0.000
average
(private credit/GDP)demeaned, relative to world average -0.025| 0.004 -6.554 0.000
Public Health Expenditure, relative to world average -0.735| 0.256 | -2.867 0.004
Non-Policy Variables
L.(NFA/GDP), relative to world average 0.386 [ 0.120 3.212 0.001
L.(NFA/GDP) interacted with <-60% dummy, relative to 0123 0007 |-17.163 0.000
world average ) ) ) )
- -
L.Output per worker*K Openness, relative to world 0528 | 0.045 | 11.666 0.000
average
Population growth, relative to world average -0.180| 0.054 | -3.307 0.001
Dependency ratio, relative to world average -0.118| 0.029 | -4.091 0.000
- - -
Life _Expectancy at age 45 * Future dependency ratio, 0059 | 0.035 1.707 0.089
relative to word average
GDP growth, relative to world average 0.080 | 0.086 0.930 0.000
1 *
Oil and T\_Iatural Gas. Trade Balance Surplus*resource 0248 | 0471 0526 0599
temporariness, relative to world average
ICRG 12 Institutional Index (0-1), relative to world 20.090| 0127 20.709 0479
average ’ ) ’ )
_cons 0.002 | 0.002 0.993 0.321
Cyclical Factors
Output gap, relative to world average 0.182 [ 0.036 5.010 0.000
- " -

Commodity ToT gap*Trade Openness, relative to world 0691 | 0853 0.810 0.419
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ApalaiBY ) Cilabandly Aasi jal) il paialls Gl Lo 3 gail) a8 iy oaiill B g 5 casle
a5 Ay e Adadiy allall adas siad dpailly (550 IS8 Jasal) Il apa )l gLl G
B 5 4y sie Akt Jlall sl da) sam ae She il dpia W) Dlerd) 8 Jail) yiie 8500 50
ihii 0,57 540 5% 4dadi 0,43 s bl ) AaS g lall Glaall ae 3005 ) (g2 50
() A Galall g Uadll Glati¥) padial Haall daleall sody (o (o8 il e 4 5
dadsy Ay Ul s gie e Galall g Uadll Glaiyl cal adl sal ) of ) Alaa)) sl
N Jall xS g olall Cluall (3 a4y 5ie 3dali 0,025 () sa O e 3aal 5 4 5
Gluall (8 Hoaxt ) (555 g Baaly 45 5ie Aol davall o e sSall Sla) saby)
A5 dass 0,735 s s
Ailiie il Coela 288 AplaiB¥) bl dadijall e Gl juiadl Gla Lad Wl
O JS (8 il G ) 3ol Aaiill 585 3) ApalaiBY) Ay lail) ae 438 sia Lgases LS
Gl o saill cilad g5 353k 31 g o Jlaa¥) ) mlll ) ds Lpia¥) J sV ila
Gaila (A e sV Ga 535 AS (B A ey e Al LpaliV) (5 giue 33l ) 5 dass sial)
Uy nime 2350l Ao e pdise ) ALYl 138 ¢ ladl s dadil) 3 )lad & Gmildl) aS) 5 gaa

sy olall cloall 8 Gy () i 83a 5 4 sie Adad latay Adlall e ) dows B

0.0595 s 4kasi 0.248 5 45 ddadi 0,528 5 4 s 4dadi (.08 4 e Adad 0,386
(s e A e ddas
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54l 4 (1) el (Al dulidl il (Potential) dlaisal) S ol dagdl) ¢ P it
Hodrick-Prescott Filter ) <sSuw y ¢l 058 il je aladinly W i o5 3) |t 4y )l
skl o) 8455l asll ) Gam il JUA (e bl wlall slai¥) uaail ((HPF )
il ol bl il (Potential) Adaiaall 5 &Saall dag@ll il sl 0 P* wo iy
CtAzie 3l Byl L daisadl ) Sl alladl das sial) (e
;‘éﬂ.ﬂ\ il e Gl yurdall sded e all (5 siusall ) 5 gadl) ‘):\.333?3..3‘4.:1&_5
(5.9 I8 Jarall el apa )l -
Cyclically-) @ JS—s Jaxall Jladl a1 Y1 (5 sisall 285 a3y
Jishgdau il gaall Je  allall ada s giad 42wl (Adjusted Fiscal Balance
obial Jsaally i se 52 LS < JaY)
$3° S5 Janall (Ll dpea ST AGLl) 5 528 085 :(3) Jsoa
Policy gap calculations for Fiscal Balance
Component | The Description | 2017 | 2018 | 2019 [ 2020 | 2021 | 2022
Coefficient of
Cyclically
Coefficient | adjusted fiscal

balance, relative 0.434341
to world average

Cyclically
adjusted fiscal -0.1% -0.1% -0.2% -0.3% -0.3% -0.2%
balance

Policy level
(P)

Cyclically
Desirable adjusted fiscal
( Policy balance when
P¥*) output gap equal
Zero.
The average of
Cyclically
P_wo adjusted fiscal
balance, world
average
Cyclically
adjusted fiscal
P* wo balance, world
average, when -1.6% | -2.6% -3.5% -4.4% -5.3% -6.2%
output gap equal
Zero.
= Coefficient *((
Policy gap | P-P _wo)-(P*- | 0.21% -0.44% | -0.48% | 1.09% | -0.003% | -0.4%
P* wo))

-0.1% -0.2% -0.2% -0.2% -0.2% -0.3%

2.1% -1.5% -2.4% -7.0% -5.4% -5.3%

Olalll alae) ¢ jaadll
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Policy gap calculations for Public Health Expenditure

The

Component .
Description 2017 2018 2019 2020 | 2021 2022

Coefficient of
Public Health
Coefficient Expenditure,
relative to
world average

-0.73520

Policy level | Public Health

0 0 0 0 0 0
(P) Expenditure 8.0% 7.8% 7.6% 7.5% 8.1% 8.7%

Public Health
Desirable Expenditure

(P*)Policy | whenoutput | 7.6% 7.8% 7.9% | 8.0% | 8.1% | 83%
gap equal zero.

The average of
Public Health

Expenditure, 7.6% 7.5% 7.6% 82% | 8.8% 9.6%
world average

P wo

Public Health
Expenditure,
world average,

when output | 7 50, 7.6% 8.0% | 84% | 89% | 9.3%
gap equal zero.

P* wo

= Coefficient
Policy gap | *((P-P_wo)-(| 0.06% | -0.15% | -0.07% | 0.24% | 0.03% | -0.11%
P*- P* wo))

Olalll slae) 1 Haadll
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Policy gap calculations for Change in Reserves

Component

The Description

2017 | 2018 |

2019

| 2020 | 2021 | 2022

Coefficient

Coefficient of
Change in
reserves/ GDP*K-
Control, relative to
world average

0.57407

Policy level
(P)

Change in
reserves/GDP for
2019

14.3%

-7.1%

46.6%

7.0%

35.0% | -9.8%

KC

Capital control
index for Jordan
based on Chinn-

Ito index

0.00

0.00

0.00

0.00

0.00 0.00

P KC

=P *KC

0.0%

0.0%

0.0%

0.0%

0.0% | 0.0%

Desirable
Policy ( P¥*)

Change in
reserves/GDP
when output gap
equal zero.

16.5%

15.8%

15.1%

14.1%

13.0% | 11.6%

KC*

Desirable Level of
Capital control
index for Jordan

0.00

0.00

0.00

0.00

0.00 0.00

(P_KC)*

0.0%

0.0%

0.0%

0.0%

0.0% | 0.0%

(P_KC) wo

Change in
reserves/GDP*K-
Control, world
average

2.4%

-3.0%

5.5%

13.1%

-53% | -2.5%

(P_KO)* wo

Desirable Level of
(Change in
reserves/GDP*K -
Control, world
average) for 2019

3.3%

2.7%

2.1%

1.5%

0.7% | -0.1%

Policy gap

= Coefficient *((
P KC-
(P_KC)_wo) - (
(P_KC)* -
(P_KC)* wo))

0.54%

3.26%

-1.9%

-6.7%

3.45% | 1.37%
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Policy gap calculations for Private Credit Level
D The . 2017 2018 2019 | 2020 | 2021 2022
escription
Coefficient
of Demeaned
private
Coefficient credit/GDP, -0.025
relative to
world
average
(= private
credit/GDP -
mean of 53% | -41% | -3.7% | 2.5% | 4.4% 6.3%
private
credit/GDP)
for 2019
(= private
credit/GDP -
mean of
private -6.4% 3.8% | -1.3% | 1.3% | 3.8% 6.4%
credit/GDP) ’
for 2019
when output
gap equal
Zero.
Demeaned
private 7.9% -1.8% | -54% | 3.8% | 7.0% 10.2%
P_wo credit/GDP, ’
world
average
Demeaned
private
credit/GDP,
world
average when
output gap
equal zero.
= Coefficient
Policy gap *((P - 0.03% y y
P_wo)-( P*- 0.03% | 0.02%
P* wo))

Component

Policy level (P)

Desirable
(P*) Policy

P* wo -10.2%

-6.2% | 2.1% | 2.0% | 6.2% 10.3%

0.02% | 0.01% | 0.00043%

OUall slae) 1 Haadll
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Policy gap calculations for Private Credit Growth

Component

the description

2017 | 2018 [ 2019 | 2020 | 2021 | 2022

Coefficient

Coefficient of
(Change in Private
credit)/GDP,
relative to world
average

-0.024

Policy level
(P)

(Change in Private
credit)/GDP,
relative to world
average for 2019

5.0%

1.5%

0.6%

8.1%

23% | 2.3%

Desirable
Policy
(P*)

(Change in Private
credit)/GDP,
relative to world
average for 2019
when output gap
equal zero.

2.7%

3.1%

3.6%

3.0%

32% | 3.4%

P wo

(Change in Private
credit)/GDP, world
average, for 2019

-1.5%

0.1%

1.7%

8.9%

29% | 2.9%

P* wo

(Change in Private
credit)/ GDP, world
average, when
output gap equal
Zero.

-0.3%

0.9%

2.0%

3.1%

4.1% | 5.1%

Policy gap

= Coefficient *(( P
-P_wo)-( P*-
P* wo))

-0.09%

0.02%

0.06%

0.02%

0.01% | 0.03%

Loliabll alac) s aialll

:oUJi

Total Policy gap

(2022-2017) 3_rall A0Sl doall 3 528 1(8) Jsaa
2017 2018 2019 2020 2021 2022
0.75% 2.65% -2.43% -5.33% 3.48% 0.86%
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g Glual) 5 gad pait 4.4

Cluall 3 a8 AUl (3) 28 Sl JS Gl 5 (9) ad) Jsaadl yeday egew o o 2Ly

S \RER BN

(2022-2017) 338l (5 jlall Qluall 3 528 :(9) J 52

2017 | 2018 | 2019 | 2020 ‘ 2021 2022
CA-Actual 106%  -6.8% 1.8% 5.9% -8.2% 8.8%
i’éfilg)at_c)oln/mbmons (from 0.652%  -0.113%  -0.550%  -0.598%  -0.744%  0.577%
Contribution of Output gap 0590%  0.187%  -0.509%  -1.134%  -0.384%  0.580%
gasonmbu“on of Commodity ToT | nor0r  0200%  -0042%  0.537%  -0361%  -0003%
COVID-19 adjustor (+) 2/ 0.0% 0.0% 0.0% 0.0% 3.2% 3.2%
g‘cl?;?so?f)] temporary/statistical 0.0% 0.0% 0.0% 0.0% 1.2% 1.2%
Cyeclically adjusted CA A12%  -6.7% 1.2% -5.3% 3.1% 3.8%
Cyclically adjusted CA Norm -6.2% -5.5% 2.4% 1.1% -2.8% -3.5%
CA-Gap -5.0% 1.3% 3.7% -6.5% 029%  -0.3%
of/which Policy gap 0.7% 2.6% -2.4% -5.3% 3.5% 0.9%
REER Gap 16.1% 4.1% 12.2% 28.7% 1.04%  0.98%
offwhich CA Elasticity, 312%  -308%  -30.1%  -22.6% 283%  -29.9%
Export elasticity 44.0%  -440%  -44.0%  -44.0% 440%  -44.0%
Import elasticity 290%  29.0% 29.0% 29.0% 29.0%  29.0%
Exports/GDP 344%  34.8% 35.9% 23.6% 303%  33.1%
Imports/GDP 55.6%  533%  493% 42.1% 51.6%  52.8%
CA-Fitted -6.0% 4.1% 1.7% 3.1% -5.7% 7.7%
Residual 4.6% 2.7% 0.1% 2.8% 2.5% 1.1%

sl il (§ gaiia J8 e 35304 <Dl ghuall g il jabiall Ll lialll dlac) ¢ Haall)
5 as (3L B) sl TP J IS

1/ The Cyclical contributions were estimated in the model by the sum of both the contribution of the Output
gap and the contribution of the Commodity ToT gap. The contributions were calculated as follows:
Contribution = (Reg. Coefficient *Gapy).

2/ Additional cyclical adjustment to account for the temporary impact of the pandemic on tourism, see appendix
NO. 2.
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The Views in this working paper are solely the responsibility of the author(s) and do not reflect the views of the Central
Bank of Jordan, its board of director, or CBJ management.

Abstract

This paper aims to estimate the optimal level of the current account
balance using the International Monetary Fund (IMF) methodology (External
Balance Assessment Lite Methodology), in order to determine the deviation of
the current account from its optimal level. The current account model for Jordan
was estimated using annual data during the period (2000-2022), which included
data for 16 countries representing Jordan's most important trading partners. The
results showed that the current account gap in Jordan amounted to -1.3 as
a percent of GDP, on average, during the study period (2000-2022), while it
reached -0.3 as a percent of GDP in 2022. The results also showed that the
assessment of the real exchange rate in Jordan is fair and generally in line with
macroeconomic fundamentals in the medium and long term, and there are no
significant deviations with the equilibrium exchange rate in the long term.
Accordingly, the study confirms the effectiveness of the fixed exchange rate
system and its suitability for the Jordanian economy over the past 28 years, as
it has become one of the main pillars of monetary stability, and one of the most

important pillars of confidence in the national economy.

Key words: the current account gap, the optimal level of the current account balance

JEL Classification: F32, F37
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Central banks should give more attention to tails risks, especially upside inflation risks, as
it directly affects monetary policy decisions. Therefore, central banks should consider not only
the linear effects, but also the nonlinear effects in the forecasting process. This would help
reduce the costly deviations from the price stability (implicit) target by acting early and

prudently before upside risks materialize.

Not only the upside risks, but also the downside inflation risks have essential implications
for the future stance of monetary policy. Given the uncertain environment, central banks should
communicate the balance of risks around their core inflation point forecasts, using heat-maps
or fan-charts, up to 8 quarters, instead of publishing forecasting errors, to protect the credibility

of central banks.

7. Conclusion

The impact of key drivers of core inflation is nonlinear and varies over time and across
different levels of inflation. The predictive core inflation has experienced a rightward shift over
time, reflecting increased risks of higher inflation levels. In particular, the distribution is
becoming more positively skewed over time, indicating upside risks have become more
prominent. Kurtosis has increased; fat tail risks are more prominent. Variance has also widened.
Future core inflation outcomes have become more volatile and have tilted to the right of the

distribution.

Applying the [aR framework to Jordan, a case of a hard-pegged exchange rate regime
reveals that commodity prices have a dominant effect on future inflation risks, while the
exchange rate has muted effects, given the exchange rate regime, as foreign (imported) prices,

proxied by the real effective exchange rate, have limited effects in the near term.
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Figure 4 presents the distribution of 2Q-ahead core inflation before 2006q1 (the top panel),
after 2006q1 (the middle panel), and the entire sample for Jordan (the last panel). The location
of the distribution of 2Q-ahead core inflation has evolved significantly during the sample
period. Before 2006q1 (top panel), the distribution of conditional core inflation is more peaked,
centered at 1.4 percent (median equals 1.3 percent), however, it has shifted to the right for the
period after the adoption of the oil derivatives pricing equation, after 2006q1 (middle panel),
and it is right-skewed (mean = 2.8 percent; median = 2.5 percent), it has fatter tails and flatter
distribution. These results are in line with Queyranne er. a/. (2022). Combining these two
periods, and hence these two kernels, it yields the last panel kernel distribution. The location of
the distribution matters, and more importantly, how it evolved, over time. Given that, the
predictive distribution of core inflation has widened, has fatter tails, right-skewed (mean =2.4
percent; median = 2.2 percent), relative to a normal distribution. Therefore, the future core
inflation has become more volatile and has tilted to the right of the distribution. All of which
may indicate increased risks of higher inflation levels, over time.

Building on these results, if the CBJ decides on its inflation risk threshold to be the 90™
percentile, then this statistic would be 2.3 percent in the period before 2006q1, and 4.3 percent

in the period after 2006q1. Resulting in a 4.2 percent for the entire sample period.

6. Policy Implications

Inflation-at-Risk (IaR) is a better way that captures inflation outlook beyond point-forecast,
which offers a piece of information, that even our best and the most complicated forecasting
models cannot offer. Having said this, by using the IaR approach, central banks can decide on
their inflation risk thresholds (i.e., 90 percentile, 95 percentile) to anchor expectations,

efficiently.
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monetary policy, on top of that, the effect of changes in initial conditions, mainly, the FFR is
higher by 100 basis points, than what we had in the external assumptions, at that time, indicating
tighter monetary policy condition. Moreover, by looking at the 4Q-ahead forecasted core
inflation (at that time — 2023q2), the projected 5.9 percent lies between the 80" and the 90"
percentiles. However, if we consider the actual numbers, as of May 2023, core inflation reached
4.1 percent, which lies between the 60" and 70" percentiles. It’s evident that we are on the
upside tail of the forecasted core inflation distribution, indicating higher up-tail inflation risks.
Hence, the point-estimate, proxied by the median of the forecast, is not necessarily adequate

for inflation outlook.

5.2.2. Fitting a skewed t-distribution

To obtain a complete picture of the inflation risks, this paper fit a skewed t-distribution
using the estimated conditional quantiles (Azzalini and Capitanio, 2003). To do that, first, the
paper tested for parameters instability and structural breaks with unknown change points, to
avoid forcing any assumptions regarding the stability of the parameters, and let the data speak.
To that end, this paper used the supremum test (Andrews, 1993). Accordingly, a structural break
was identified in 2006q1. This observation is in line with the introduction of the oil derivatives
pricing equation by the government. Therefore, the paper defines an indicator variable “break”,

that equals 1 for the period after 2006q1, and zero otherwise, as follows:

1, date > 2006q1

break = {0, date < 2006q1 )
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Lastly, this paper provides the 2Q-ahead, and 4Q-ahead core inflation forecasts, across

quantiles, presented in Table 4.

Table 4. Forecasts of Core inflation!?

Forecasts | w10 | 7920 | 7430 | a0 | ma50 | 7q60 | 7470 | 7480 | a9 | QPM
2022q2 1.35 1.66 | 2.01 220 [ 249 | 3.01 3.63 423 | 497 | 2.1
2022g4 | 2.75 2.98 337 | 3.51 3.71 428 | 460 | 5.06 | 6.11 5.4
2023q2 2.10 2.78 2.80 2.85 3.04 4.04 4.70 5.45 6.16 5.9

Prepared by the author.

The rows of Table 4 present the projections using quantiles regression as in equation (1),

across different quantiles, and the last column presents the point forecasts using Jordan’s QPM

model .

One can notice that, in the first row, the 2.1 percent lies between the 30™ and 40™

percentiles. However, if we consider the 2Q-ahead forecasted core inflation (at that time-

2022q4), the projected 5.4 percent lies between the 80™ and 90" percentiles. The actual number

came up lower than expected, reaching 4.3 percent, which is exactly the 60™ percentile, which

partly may reflect the effect of the JD 700 million CDs issued in August 2022, to further tighten

10" Projections as of November 1, 2022
12,1 % represents the real time data (actual data).
12 Jordan’s QPM is viewed as a reliable analytical framework that provides macroeconomic analysis and

forecasting under a hard pegged exchange rate regime.
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By looking at Table 3, and in the same manner, it’s evident that 4Q-ahead core inflation
exhibits nonlinearities, however, the story is marginally different, compared to the 2Q-ahead
core inflation, However, it completes the picture. As shown in Table 3. The backward-looking
inflation has a negative coefficient with explanatory power in the right tail, as the inertia in the
price-setting process may gradually dissipate over time. Contrary to the results of the future
2Q-ahead core inflation analysis, the forward-looking inflation displays a stronger effect, in
line with long-term inflation expectations play a prominent role in controlling inflation,
therefore, anchoring inflation expectations is critical to control inflation in the longer run. This
result is crucial, reflecting evidence of anchoring expectation. Although Jordan is not an
inflation targeter, neither it has surveies of agents’ inflation expectation, however, the channel
is there, through labor market’. The largest coefficient is for commodity prices, with a larger
coefficient in the right tail of the distribution, indicating higher pass-through to domestic prices,
when inflation is high, albeit with a larger coefficient for 4Q-ahead core inflation, compared to
2Q-ahead core inflation analysis. The output gap and REER gap are insignificant overall.
Comparing these results to the OLS estimates, the commodity prices coefficient is significant,
assuming linearity, indicating that the Phillips curve linkages seem to be breaking down,
however, tolerating nonlinearity, the Philips curve relation works in the tails of the inflation

distribution.

Overall, this analysis can point out the main sources of predicted inflation in the near to
medium term. Thus, it can be used as a useful tool for policymakers, that gives insights into the
main sources of near-term forecasted inflationary pressures, and recommends when to react, or

not to react.

° The author used 5-year ahead inflation as in the IMF staff country report for Jordan, interpolated to quarterly
frequency, which represents professional forecasters’ expected inflation.
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Table 3. 4Q-ahead Core Inflation-Quantile coefficients, by regressor.
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Overall, the results are consistent with Banerjee er. al. (2020) and (IMF, 2022).
2Q-ahead core inflation exhibits nonlinearities, with the impact of regressors
varying across quantiles of the core inflation predictive distribution. Current core
inflation displays the highest coefficient and significant nonlinearities across
quantiles. The dominance of backward-looking inflation indicates significant inertia
in price setting in the near term. Current core inflation has a strong impact at the left
tail of the distribution, showing a larger effect when inflation is low. This result
reflects successful disinflationary processes, which is in line with the price stability
mandate of the CBJ, as keeping inflation low and stable is crucial to avoid self-

reinforcing inflation dynamics.

REER gap has a positive coefficient through quantiles, with explanatory power
in the right tail of the distribution, i.e., high inflation, pointing that real depreciation
increases upside inflation risk. The domestic output gap is muted across quantiles.
Whereas commodity prices display larger coefficients at the right tail of the
distribution, pointing to a larger pass-through to domestic prices in a context of high
inflation. Long-term expected inflation influences the higher quantiles rather than on
the lower quantiles of the conditional distribution, indicating that high past inflation

experiences tend to shift the distribution to the right.

When comparing these results to the OLS estimates (in the last column of the
Table), estimated by Newey-West standard errors, using four lags, assuming that the
potential autocorrelation in the data does not go beyond the window of four quarters.
Noting that the backward looking and commodity prices coefficients have
explanatory power to the 2Q-ahead core inflation, and we lost significance for the

REER gap and the long term expected inflation.
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Table 2. 2Q-ahead Core Inflation-Quantile coefficients, by regressor.

Table 2. presents the 2Q-ahead Core Inflation-Quantile coefficients, by regressor. The sample period covers 1995q1 till 2022q2. For a given
variable, the heat map below shows the coefficients for each variable at different quantiles. 77, , represents two quarters ahead core inflation, 7}
represents core inflation, 7eer; is the real effective exchange rate gap (reer; > 0 represents real depreciation), 7, is the output gap,
GSCI,represents Goldman Sachs Global Commodity Price Index , ™% is the five year ahead forecast of IMF CPI inflation. All variables are
standardized, using z-scores. The last column compares the OLS estimates using Newey-West standard errors, using four lags, to account for any
potential autocorrelation. ***, ** * indicate significance at the 1%, 5%, and 10% level, respectively. The constant is omitted from the results as

it is insignificant.
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Table 2. and Table 3. present the detailed quantile regressions results, presented in a
heatmap, for 2-quarters ahead, and 4-quarters ahead of the future core inflation, respectively,

along with the OLS estimate of the underlying coefficient, to allow comparison.
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regression. The results of quantile regression for 2-quarters ahead and 4-quarters
ahead of the future core inflation are presented in the following figures (figure 2 and

3). The below figures present evidence of significant nonlinearities across quantiles.

Figure 2. the 2Q-ahead Core inflation.
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Figure 3. the 4Q-ahead Core inflation
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Second, this paper derived the predicted core inflation distribution by fitting a
continuous skewed t-distribution on the conditional quantiles estimated (Azzalini
and Capitanio, 2003). The distribution of the predicted future core inflation is
estimated based on the information derived from the augmented Philips curve,
therefore, the choice of the variables for explaining their relationship with future

core inflation is crucial.

A distribution fitting allows to obtain a complete picture of inflation risks and to
calculate the associated risk metrics, such as VaR. We use the t-skew parametric fit
approach as in the IMF-GaR tool developed by Prasad et. al. (2019). The choice of
the t-skew family is popular, especially in finance (Adcock er. al. (2015)) and has
been progressively used in macroeconomics. Skewed t-distributions have appealing
features (i.e., asymmetry, fat tails) in a parsimonious framework (Azzalini and
Capitanio (1994). The fit is done by minimizing the distance between the empirical
quantiles and the theoretical quantiles of a skewed t-distribution. It minimizes the
sum of asymmetric penalties (1 — q)|e|] for overprediction and gql|e| for
underprediction (e = y; — x;$9). This minimization problem is set up as a linear
programming problem and is solved with linear programming techniques, as in
Koenker (2005). More formally, quantile regression estimators minimize the

following function:

N N
QBN = D alvi—xBU+ Y (-l xp] @
Lyizxi/B Lyi<xi/B
QWy|x) =xiB1=PBq + pini + Bint"E + pireer, + B{GSCI, + By + €l 3)
5.2. Empirical Results

5.2.1. Quantile regression framework

Quantile regression allows for nonlinearity (Prasad er. al., 2019). Such that, the
effects of the independent variables may vary over quantiles of the conditional

distribution, which is an important advantage of quantile regression over mean
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monetary policy implicitly targets core inflation, this paper uses core inflation instead of the
headline inflation. In addition, core inflation is relatively stable compared to headline inflation.
The procedure entails a 2-step approach: first, estimating the quantile regression, to examine
how the tails of the predictive distribution of core inflation react to global “push” and domestic
“pull” factors, characterizing risks for near-and-medium-term inflation dynamics. Having said
that, focusing on the tails of the predictive distribution; upper tail (high inflation), and lower
tail (low inflation) gives insights for policymakers regarding the sources of future

inflationary/dis-inflationary pressures, and how it evolves.

Following Banerjee et. al. (2020), and (Queyranne ef. al., 2022) approach to inflation risks,
the paper models an augmented Phillips curve with open economy variables as key drivers of
future 2Q-ahead (and 4Q-ahead) core inflation in Jordan, using the quantile regression

framework, as follows:

md, = B¢+ Bint + BintTE + pireer, + BIGSCI, + By + €, (D
h €{24}

Where 7,7, represents future hQ-ahead core inflation for quantile, here quantile means
percentile, i.e., q € {0.1,0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9} . Conditional quantiles are
estimated simultaneously and the variance—covariance matrix of the estimators is obtained by
bootstrapping, with 1000 iterations. All variables are normalized using z-score, hence, §4
coefficient equals the size of the 0 —movement in hQ- ahead core inflation, associated with a

one 0 — movement in the variable.

The model specification is close to the one performed by Queyranne er. a/. (2022), with a
couple modifications, the paper replaced the nominal effective exchange rate (Neer)® by real
effective exchange rate gap, as for a country like Jordan, 7eer;, is a better proxy for foreign
inflation, and also the choice of the dependent variable is different, this paper replaced the
headline inflation by the core inflation, as the core inflation is less volatile than the headline
consumer price index (CPI). In addition, monetary policy targets price stability, therefore, the

choice of core inflation is better.

Px
8 Reer = Neer .—

106




Inflation at Risk (laR): The Case of a

Hard-Pegged Exchange Rate Regime

filtered underlying potential of a variable. 7eet; is defined as the relative price of domestic-
and-foreign goods (comprised of a nominal effective exchange rate multiplied by a foreign-to-
domestic price ratio, expressed in logarithms). A real depreciation (7eer; > 0)’ means that we
are importing inflation from abroad. Finally, we use Goldman Sachs Global Commodity Price
Index (GSCI,;) to proxy commodity inflationary pressures. All data used is quarterly data and
covers the period of 1995q1 till 2022q2. Table 1. describes the data sources used for each

variable.
Table 1. Data and data sources.
Variable Definition Sources
Core Inflation 'Z-scovre of Y-0-Y changes in core CBJ website
inflation
Z-score of percent difference between
Output Gap Real GDP and Potential GDP Jordan QPM
Z-score of Real Effective Exchange
Reer Gap Gap, “+’ for Depreciation, ‘-’ for Jordan QPM
Appreciation
Commodity Price Z-score of Goldman Sachs Global Bloomber
Index Commodity Price Index &
. . Z-score of 5-year ahead forecast of IMF IMF .World
Inflation Expectation ) . Economic Outlook
CPI inflation
database

Prepared by the author.

5. Methodology and empirical results

5.1. Methodology

Adrian ef. al. (2019) is the first who transposes the Value-at-Risk (VaR) to macroeconomic
forecasting, to project the conditional distribution of future real GDP growth as a function of
current macro-financial conditions. This paper utilizes this procedure and applies it to the

predictive distribution of core inflation. Most papers use headline inflation; however, as

A positive reer gap (reer; > 0) indicates a real depreciation beyond its equilibrium level.
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The adopted operational framework relied upon a corridor system. The corridor system
consists of an overnight repurchase agreement interest rate (or Repo rate — the ceiling of the
corridor system), currently at 8.0 percent, and an overnight deposit interest rate (or Window
rate — the floor of the system), currently at 7.0 percent. In addition, the CBJ has the ‘CBJ main’
rate, at which it can manage liquidity; currently 25 basis points above the window rate, and
mirrors it, as banks are diagnosed by excess liquidity, which is mainly deposited in the CBJ’s

Window rate?.

Such excess liquidity challenges the development of Jordan’s money market. Although the
monetary policy framework has been successful in achieving the operational target as short-
term interest rates remained close to the overnight window rate. However, the persistently high
excess liquidity in the money market (invested in the window rate) reduces the need for
interbank transactions, and exerts challenges to liquidity management, in such a way that excess
liquidity disincentives the market to actively manage liquidity, using more robust instruments
(i.e., repos). In this regard, the CBJ issued certificates of deposits (CDs) of JD 700 million,
since August 2022, to further tighten the monetary policy stance and manage excess liquidity.

4. Data sample

The paper uses core inflation (7;) data obtained from the Central Bank of Jordan (CBJ)
database, which is published on the CBJ’s website. Expected inflation (7£7F) is the 5-year
ahead IMF forecast of Jordan headline CPI inflation, obtained from the IMF World Economic
Outlook database®. Real output gap (77;)* is used to proxy domestic inflationary pressures, while
Real Effective Exchange Gap (7eer;)’ is used to proxy inflationary pressures coming from
abroad, both are estimated using Jordan’s Quarterly Projection Model (QPM)?®, as the difference

between the actual and trend of the variable, where the trend variable is estimated as a Kalman-

2 These rates as of May 17, 2023.

3 IMF WEO Inflation forecasts are an annual average index produced twice a year which has been linearly
interpolated at a quarterly frequency, to match the frequency of the data.

4 A hat above the variable, %;, indicates that the variable is a gap; a deviation from the equilibrium level.

5 CPI-based REER is constructed based on the weights of Jordan’s trading partners. In Jordan’s QPM (JAM
2.0), An increase in the index indicates depreciation, which corresponds to a gain in competitiveness.

¢ A semi-structural macroeconomic model (JAM 2.0), has developed as a Forecasting and Policy Analysis
System (FPAS), geared to provide reliable macroeconomic analysis, and forecasting to support monetary
policy recommendations. It belongs to the family of policy-oriented central bank’s Quarterly Projection
Models (QPMs), customized to reflect the uniqueness of the Jordanian economy, within a pegged exchange
rate regime (Al-Sharkas et.al, 2023).
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In a recent paper, Queyranne et. al. (2022) builds on Banerjee et. al. (2020) approach to a
cross-section of Middle East and Central Asia countries using panel quantile regressions, with
fixed effects. Then, they fit a continuous skewed t-distribution. Their quantile regressions
specification features an open-economy augmented Phillips Curve, as follows: Output
(industrial production or the output gap), current headline inflation, the exchange rate (change
in the nominal effective exchange rate), a commodity price index (Goldman Sachs Global
Commodity Price Index), and inflation expectation. Their results are consistent with Banerjee

et. al. (2020).

3. Jordanian monetary policy: Policy and market rates

Jordan adopts a de-facto fixed exchange rate regime since 1995, at a mid-rate of JD 0.709
per USD, with full capital and financial mobility, as indicated by the Chinn-Ito index [Figure
1]'. Given the fixed exchange rate regime, the CBJ pursues monetary and price stability
objectives. To maintain the peg, the Central Bank of Jordan (CBJ) keeps a margin of roughly
around 200 basis points above the Fed Fund Rate (FFR) and intervene in the FX markets as

needed.
Figure 1. Chinn-Ito Index
Chinn-Ito index, normalized
(0=full control, 1=no constraints)
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Prepared by the author.

! Chinn-Ito index is an index measuring a country's degree of capital account openness. The index was initially
introduced in Chinn and Ito [Journal of Development Economics, 2006], which is based on indicator variables
that codify the tabulation of restrictions on cross-border financial transactions reported as in the IMF's Annual
Report on Exchange Arrangements and Exchange Restrictions (AREAER).
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In another stream of literature, Adrian ez. a/. (2019) was the first paper that utilizes the
Value-at-Risk and transpose it to macroeconomic forecasting to project the conditional
distribution of future real GDP growth as a function of financial conditions index, called
Growth-at-Risk (GaR). This paper was revolutionary as it proposed a relatively easy approach
to project the density of future real GDP growth. Based on a two-step semi-parametric
approach: first, the quantile regressions framework, as future GDP growth is regressed on a set
of current macro-financial conditions index. Second, fiting a continuous t-skewed distribution
on the conditional quantiles estimated in the first step. Adrian ez. a/. (2019) find significant non-
linearities across quantiles, with lower quantiles exhibiting stronger variation, while the upper
quantiles being stable over time, which suggest that financial conditions have strong predictive

power to signal crises.

Building on Adrian et. al. (2019) approach, Lopez-Alido et. al. (2022) investigates the tail
risks to the inflation outlook in the US since 1970s, using quantile regressions. The baseline
quantile regression model is an augmented Phillips Curve model with five main variables that
capture price stickiness (lagged average inflation), forward-looking term (long-term inflation
expectations), labor market frictions (unemployment gap), changes in relative prices (quarterly
change in relative import prices), and financial conditions (credit spreads). The paper finds that

tight financial conditions carry significant downside inflation risks.

Banerjee ef. al. (2020) extends Adrian et. al. (2019) approach to a cross-section of
advanced and emerging economies using panel quantile regressions, with fixed effects. They
fit a continuous skewed t-distribution on the discrete conditional quantiles set. The quantile
regressions specification features an open-economy Phillips Curve, capturing output (real GDP
growth or the output gap), current inflation, the exchange rate (change in the nominal effective
exchange rate), the change in oil price in domestic currency, and financial conditions (the
realized volatility in equity returns-VIX). The authors find that upside inflation risks have
declined over time, reflecting successful adoption of inflation targeting regimes. Significant
non-linearities is evident in emerging market economies, with substantial exchange rate
depreciations associated with upside inflation risks, while tighter financial conditions increase

on both tails.
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the empirical results of the paper are consistent with the literature (Queyranne et. al., 2022;
Banerjee et. al., 2020), however, this paper is different as it took the real effective exchange
rate (REER) gap, within the Phillips curve framework, instead of the changes of nominal
exchange rate, to account for the uniqueness of exchange rate regime. Interestingly, this paper
found that commodity prices are large determinants of future inflation, while the exchange rate
is more muted given the fixed exchange rate regime. In particular, real depreciation increases
upside inflation risk, in the 2Q-ahead core inflation, but not in the 4Q-ahead core inflation,
indicating that foreign (imported) prices have limited effects in the near term. Second, it adds
to the “Value-at-Risk™ literature, namely, Lopez-Salido and Loria, 2022; Banerjee et. al., 2020,

Queyranne et. al., 2022; and Prasad et. Al., 2022, among others.

The paper is organized as follows. Section II reviews the literature on inflation-at-risk.
Section III presents some stylized facts on monetary policy in Jordan, Section IV discusses the
data, and Section VI presents the empirical approach and portrays the results. Section V

discusses policy implications. And Section VII concludes.

2. Literature Review

Andrade, Ghysels, and Idier (2012) introduced the “inflation-at-risk” as a measure of (left
and right) tail risks to inflation using survey-based density forecasts. They showed that the
position and asymmetry of inflation risks matter, and it evolves over time. Kilian and
Manganelli (2007, 2008) derive inflation risk measures by optimizing agent’s preferences with
respect to inflation. In a cross-section of countries, Cecchetti (2008) computes t-distribution
approximations to deviations of log GDP and price level from their trends and claims that asset
price booms raise both growth and inflation risks. Manzan and Zerom (2013) find that adding
macroeconomic variables into quantile regressions enhances the accuracy of inflation density
forecasts. Galvao and Owyang (2018) find that financial conditions have robust effect on
inflation using factor-augmented smooth-transition vector autoregressive model (FASTVAR).
Ghysels, lania, and Striaukas (2018) construct measures of inflation risk using a Quantile
Autoregressive Distributed Lag Mixed-Frequency Data Sampling (QADL-MIDAS) regression
model and find that they hold information about actual future inflation. Adams ez. al. (2021)

set up risks around consensus inflation forecasts.
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We show that the response of the tails and the median of the inflation distribution reveals
a more complete picture of the effects that real and financial shocks impinge on inflation. The
objective of this paper is to see what conclusions can be drawn from a closer look at the entire

conditional inflation distribution, using data for Jordan.

First, this paper used augmented Phillips curve for open economy as in (Banerjee er. al.,
2020; and Queyranne et. al., 2022) as key drivers of two quarters (2Q)-ahead / four quarters
(4Q)-ahead core inflation in Jordan, using quantile regression to analyze inflation dynamics.
By doing that, this paper showed that it is evident that 2Q-ahead and 4Q-ahead core inflation
exhibit significant nonlinearities, with the impact of regressors varying across quantiles of the
core inflation predictive distribution. The results for 2Q-ahead core inflation show that real
depreciation increases upside inflation risk, whereas larger pass-through of world commodity
prices to domestic prices in a context of high inflation is evident in the right tail of predictive
core inflation. Moreover, high long-term inflation expectations tend to shift the entire
distribution to the right. Yet, and consistent with Banerjee ez. a/., (2020); and Queyranne et. al.,
(2022), the modal outlook for inflation seemed to remain insensitive to the real activity, or
output gap. Overall, macroeconomic developments work in the right tail of the conditional core
inflation distribution (e.g., Queyranne et. al., 2022), with its right tail being the most sensitive
to macroeconomic shocks. Interestingly, the 4Q-ahead core inflation using quantile regression

showed similar results.

Finally, the paper fits a t-skewed distribution using the estimated conditional quantiles
(Azzalini and Capitanio, 2003), for two periods, before and after 2006q1, where we find a
structural break in the data, which is consistent with the adoption of oil-derivatives pricing
equation by the government. The results indicate that the future core inflation has become more
volatile, right skewed, has fatter tails, and has tilted to the right. All of which may indicate

increased inflation risks, over time.

The paper contributes to the literature in two folds; first, to our best knowledge, this is the
second paper that applies the Inflation-at-Risk framework to the Middle East and Central Asia

countries, and the first to Jordan; a case of a hard pegged exchange rate regime. In this regard,
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“While the economic response has been both timely and appropriately large, it may not be the
final chapter, given that the path ahead is both highly uncertain and subject to significant
downside risks.” Jerome H. Powell, May 13, 2020.

1. Introduction

Since COVID-19 shock, price pressures have intensified worldwide, as demand is
recovering, supply problems persisted longer than expected, and commodity prices surged
(Queyranne et. al., 2022; Koch and Noureldin, 2023). The precedent war in Ukraine intensified
these risks, which points to the tail risks to inflation outlook. Indeed, we started to hear a non-
linear response of inflation to monetary policy. Powell’s quote is an excellent reminder that, in
the presence of tail risks, the conditional inflation mean does not necessarily adequately

represent inflation outlook

We are at a point in time, in the business cycle, where officials are comfortable admitting
they have made mistakes, whereas central bankers are pleased to talk about their forecast errors.
On top of that, the International Monetary Fund (IMF) is publishing work that explains why it
failed to predict the surge in inflation recently (Koch and Noureldin, 2023).

What can we learn from this? The Phillips curve linkages seem to be breaking down
(Lopez-Salido and Loria, 2022). And this is not new, there is a stream in the literature that
questions this relation, claiming that the Phillips curve is flat, typically attributed to changes in
inflation expectations, and was thought to have contributed to the period of high inflation and
high unemployment in the late 1970s. Consistent with Queyranne ez. a/., 2022; and Banerjee
et. al., 2020, we find that almost all the macroeconomic factors covered under the “Phillips

curve umbrella” are still at work, however, in the tails of inflation distribution.

Even if the best forecasting model cannot say precisely how or when a shock will strike,
an economy better be aware of its vulnerabilities... so it will be resilient. This paper employs
the Value-at-Risk statistic and applies it to inflation; called “Inflation-at-risk” (IaR), which
quantifies the potential risk of inflation forecasts. This statistic can be seen as a better way that
captures inflation outlook beyond the point-forecast. Interestingly, IaR looks at the entire
distribution of future inflation; including the unobserved components embedded in observed
frequencies and hence distribution. By doing that, we consider not only the baseline expected

inflation but also the risks surrounding it.
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