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Résumé :

A travers cette these, nous visons a évaluer et tester la relation entre le taux de change du dinar algérien et la
balance commerciale pour la période 2002-2017. Nous nous sommes appuyés sur I'approche analytique
descriptive dans l'aspect théorique et sur la méthode d'étude de cas pour tenter de laisser tomber l'aspect
théorique sur le terrain de la réalité par référence aux facteurs. Nous nous sommes appuyés sur les perspectives
des programmes statistiques9 dans I'aspect appliqué de I'analyse des données, ot nous avons testé la relation
entre le taux de change en tant que variable distincte et la variable dépendante des exportations et des
importations. et des importations en proportion du produit national brut. Angel Granger et le modéle vecteur
d'auto-régression VAR. Les résultats de ['étude économétrique ont confirmé l|'absence de relations
d'interintégration entre les variables a long terme, et les résultats du vecteur d'autorégression du VAR ont
montré que les exportations et les importations sont touchées par les fluctuations des taux de change a court
terme.

Mots-clés :

Taux de change, balance commerciale, commerce extérieur, exportations, importations, modéle vecteur d'auto-

régression VAR, intégration conjointe d'Angel Granger.
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Summary :

Through this thesis, weaim to assess and test the relationshipbetween the Algerian dinar exchange rate and the
trade balance for the period 2002-2017. We have relied on the descriptive analyticalapproach in the theoretical
aspect and the method of case study in an attempt to drop the theoretical aspect on the ground of reality
withreference to factors. Wehave relied on the statistical program eviews9 in the applied aspect of data
analysis, wherewetested the relationshipbetween the exchange rate as a separate variable and the dependent
variable of exports and imports. and imports as a proportion of the gross national product.Using the joint
integration of Angel Granger and the VAR self-regressionvector model.

The results of the standard studyconfirmed the absence of inter-integrationrelationshipsbetween variables in
the long term, and the results of the VAR self-regressionvectorindicatedthatboth exports and imports are
affected by short-term exchange rate fluctuations.

Keywords :

Exchange rate, trade balance, foreigntrade, exports, imports, VAR self-regressionvector model, joint integration

of Angel Granger.
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TCN EXPR IMPR

Mean 79.87665 36.84750 28.29062
Median 76.23741 37.56913 28.59998
Maximum 109.4431 48.80909 36.52334
Minimum 64.58280 20.87242 20.78968
Std. Dev. 12.87284 8.502974 4.991841
Skewness 1.477833 -0.431003 0.174660
Kurtosis 3.928353 2.404565 1.836197
Jarque-Bera 7.198350 0.823197 1.107346
Probability 0.027346 0.662590 0.574835
Sum 1437.780 663.2549 509.2311
Sum Sq. Dev. 2817.070 1229110 423.6141
Observations 18 18 18
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Covariance Analysis: Ordinary

Sample: 2000 2017

Included observations: 18

Correlation
t-Statistic
Probab
lity TCN EXPR IMPR
TCN 1.000000
EXPR -0.895669 1.000000
-8.056007 -
0.0000
IMPR 0.573494 -0.730781 1.000000
2.800230 -4.282260
0.0128 00006
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Axt=px t—1 —Zrzz D JAX t—j+ 1€ Lo, (1)
Axt=px t—1 -zrzz D jAX t—j+2+CHE o (2)
Axt=px t—1 -E]P:z @ jAX t—j+2+bt+ C+E to (3)
Ol S

‘izl § wlpslll sue o P
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Student aujs3 J) auazes @1 1] Aslas¥l e Jgunmdl @iy BN z3laid) y3ua5 aay
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Null Hypothesis: EXPR has a unit root
Exogenous: Constant, Linear Trend

Lag Length: O (Automatic - based on SIC, maxlag=3)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.328808 0.8441
Test critical values : 1% level -4.616209
5% level -3.710482
10% level -3.297799

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 17

Null Hypothesis: IMPR has a unit root
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Exogenous: Constant, Linear Trend

Lag Length: 2 (Automatic - based on SIC, maxlag=3)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.047288 0.0312
Test critical values : 1% level -4.728363
5% level -3.759743
10% level -3.324976

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations

and may not be accurate for a sample size of 15

Null Hypothesis: TCN has a unit root
Exogenous: Constant, Linear Trend

Lag Length: 2 (Automatic - based on SIC, maxlag=3)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic 1.247860 0.9998
:Test critical values 1% level -4.728363
5% level -3.759743
10% level -3.324976

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 15
Eviewse9 meliy oileyies yuuall
Ayl ayddl oo ol Sl Aslasyl dall ]! Ol G Goiwdl Wi 8,870 a8 Ayl Slpdne o Jasdls
Soiud| wie Byatun a2 Ll 6l Busgll s e goims wlpaall o (6f puad) dyz,8 Lias Wl 9 ADF S
:First difference Jo¥I 3,4l wic -o
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difference
Null Hypothesis: D(IMPR) has a unit root
Exogenous: Constant, Linear Trend

Lag Length: O (Automatic - based on SIC, maxlag=3)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -5.138129 0.0051
Test critical values : 1% level -4.728363
5% level -3.759743
10% level -3.324976
Null Hypothesis: D(EXPR) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=3)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -4.063921 0.0285
:Test critical values 1% level -4.667883
5% level -3.733200
10% level -3.310349

*MacKinnon (1996) one-sided p-values.

Warning: Probabilities and critical values calculated for 20 observations

and may not be accurate for a sample size of 16

Null Hypothesis: D(TCN) has a unit root

Exogenous: Constant, Linear Trend

Lag Length: 1 (Automatic - based on SIC, maxlag=3)

t-Statistic
194
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Augmented Dickey-Fuller test statistic -4.688639 0.0107
:Test critical values 1% level -4.728363
5% level -3.759743
10% level -3.324976

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 15
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A(d) cpe JBT éi o) JolSS doya o0 JBT Aoy e AlelSie Aoy Aludue e Blee cnabud il oy Gl ol -
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EXPR clysliadly TON Cayuall jane ons doshall J2¥1 @ 28Mall pises Cgun 7350l 1da
EXPR=a+b*TCN+Ut

f@L’J\ o0 LewdS Slyaball Jiey EXPR Gy
‘éf?\jﬁj.ﬂ‘ JJLE.AJL/._QJ_U WY\ d)@_”).a.;o TCN
foaml logdd S (e lgdadl st Ut

:G.S}d."ﬁ.\.ﬂ >

2 bl e Llians Zslall gyiuall clall Lk, 7 3geill yads a

Lolall paiall sl Aasshay 7 3gidl y3uds @G Gto 318, Jouzd!
Dependent Variable: EXPR

Method: Least Squares

Sample: 2000 2017

Included observations: 18

Variable Coefficient Std. Error t-Statistic Prob.

C 84.10425 5.937536 14.16484 0.0000

TCN 0.073439 -8.056007 0.0000

R-squared 0.802223 Mean dependent var 36.84750

Adjusted R-squared 0.789862 S.D. dependent var 8.502974

S.E. of regression 3.897831 Akaike info criterion 5.663157

Sum squared resid 243.0894 Schwarz criterion 5.762087

Log likelihood -48.96841 Hannan-Quinn criter. 5.676798

F-statistic 64.89925 Durbin-Watson stat 0.935346
Prob(F-statistic) 0.000001
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Eviewse9 @L'v.; Ol yka yiuall
UT zogaidl 3lgy doyl il sLas| >
UT g3gaill Glss daylpdiel sl ! (s 3203, Joocnl!
Null Hypothesis: UT has a unit root
Exogenous: Constant, Linear Trend

Lag Length: O (Automatic - based on SIC, maxlag=3)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.974546 0.5730
:Test critical values 1% level -4.616209
5% level -3.710482
10% level -3.297799

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations

and may not be accurate for a sample size of 17

Eviewse9 moliyy Gilayiee 1yuuall
Lo oyl @il e J81 | EDJ | dslasdll Balall Al o1 W s Bloadl o8 sLas| s IMs o0
e o) g likial Say JL 9 «Soiad! e Hlumi¥l Blgy dylyatal pue (ol Zgadall 2go,all Joid JI Lada,
%5 Lgian Gyiun e ¥l Byall yau ae Kide YelSS Lol Y mlldl JI lysball
Jutrs SUAaT (n % BO (o 53 Lo paeds e 350l 5,5 e Juty Lo 102 50,80 5 (R? ) ol bolins sy v/
dalas glasyl g oz 3gaill Lpasaty of §p31 Slpiie oo il (2 %20 Lewd (o lpadl 3L Ll calholall
‘z3gaill 3 Bppwatt] Slaaall o bl adall o b A8Mall 353 e Juds el
v J51 92 9 0.0000 - s, Jlezob 5 64,89 5 a5 7 3geil] LI giall JLasl Lol o F-Statistic 2ilas! v/
Syiuwn e Lagins pé zdgadl slamil cMlalas oof T dagaadl s yall a8y (I Ladoy L 1ia 5 (P=0,01)
£ 5% iS5 %1 dgine

% 5 IS 9 % 1 dgine Syime dic Lilasl Soine 984,10 4 Hud) o bl Coltd) paiall jlazil Jalas v/
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Dependent Variable: IMPR
Method: Least Squares
Date: 31/01/20 Time: 20:16
Sample: 2000 2017

Included observations: 18

Variable Coefficient Std. Error t-Statistic Prob.
C 10.52685 6.421012 1.639438 0.1206
TCN 0.222390 0.079418 2.800230 0.0128
R-squared 0.328895 Mean dependentvar ~ 28.29062
Adjusted R-squared 0.286951 S.D.dependentvar  4.991841
S.E. of regression 4.215221 Akaike info criterion  5.819720
Sum squared resid 284.2894 Schwarz criterion  5.918650
Log likelihood -50.37748 Hannan-Quinn criter.  5.833361
F-statistic 7.841288 Durbin-Watson stat  0.509231
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Prob(F-statistic) 0.012835

Eviewse9 moliy ol yses syl

Judas SIA3T (o0 %32 o5 50 Lo s (e z39a2ll 5,05 e Juty Lo 1ia 5 0,325 (R? ) syl bolina sy v/
‘2390l Loty o 6531 Slpite (e Al (2 %68 L (ol lpaddl 3L Lol clsylgll

J51 929 0.012835 5 Huas Jlaasb 9 7,84 4 s 39l 20 Lguall jLasl 2alill 5 F-Statistic 3ibas] v
Gsius dis Aagdas pd 7 3gaill slamil clalas ¢ 61 Apsaall 2z yall (a8, ) Ladyls 1da 9 (P=0,01) (e
5% Lgiae

Busgy ¥l Cpall pase plasy) o slina 1da 5 .%0.222390 5 jud) cazge sl dyuall yaue il Jolaa ¥V
dis oo U 92 9 (631 lpaall ol ae) %0.222390 Auds loyledl Juas g las)) 31 605y Bgw Busly
965 Sgiua

UT z3gidl dlos oyl il Hlisl -z
UT zigaidl 3lgs duylydiul jlas! milis cnn 34 o8 Jouzd!
Null Hypothesis: UT2 has a unit root

Exogenous: Constant, Linear Trend

Lag Length: 1 (Automatic - based on SIC, maxlag=3)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.197718 0.4592

:Test critical values 1% level -4.667883
5% level -3.733200
10% level -3.310349

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations

and may not be accurate for a sample size of 16

Eviewse9 meliyy oilayies yuuall

199



2017-2002 (gLl &lkly cipuall yau oo 2BMall ol Julns I Jyadll

Jod I liady Lo cmpmedl @il e ST | T | sliasl aallal) ae,all o W s Jlodl o058 sLas! gl
¥l JI alaylel L o) zlital o Ser JWL 9 «Soiadl die jlams¥l 3lsr dylyatul pue ol adall 2yn,all
Yo 5 Ligian Gogiun dic oudl Bypnll yau pe Kitdn MalSs JolS
(VAR 1l domie z3gas pludsinly Zeald Ao ed sdl) cdlat
VAR I lams¥l dzio 73503 o> duulul cpalas 11 g4l

P Sl dmie -
szl lEMall sy 3] @alazd¥l Lulidll 73k (o siarg il Zpalal I lams¥l 73k Aale Al g2
oo 3y Jilere (Ko Alyldl olpite auer Aallas e G las¥l dete Joass Aies)) Jeodladl Sl piie o
&Y Sl dn il lalas e sl aslalas,l I e aaall clId judy Sy Aalas § aie IS oresas I
Bylizs A 3 sl Slaaall o k Sladall oo Zegeme o Aubaiell A8Mall msgy VAR zses o) zdseddl §
ol 3l (lxToslagl (Y (dzie @ Loy i clpsall degazme 09T, 2,150 )i dyia3dl AN (o duslin
Myt paill degaze (2 dzill L jolic
A Lpall Poylade Guwy olasls Gl lass¥) deie (g p Al o Gl Hlases¥) daete Juied (S

Vi =c+A Y 1+ A Yo+ +ApYpt e

ol 3l
ChoxcTsalayl G lase¥) deie @lpdal culid) asdl dzie :C
d=1;2; P kack slanl 13 3gams Ay
Wsame Eep ey = O o)y (Ee; =0) a0l oluie plus lawgy Slgdall Tasdl sgumd kxT solai dzie i€
e i ¥ K K Eep ep g = 0 = fs nxn Laslayl contemporaneously covariance matrixs yolaie a5
o3l
45Y) LalLVAR (2) 51P=2 Losie Aslall S Sy ald Lapuiaally

= 1 +A11 Y1e-1 + A12Yae-1 ey,
Yy, = ot A12 YVieo1 H A22Yoi-1 t €y,

Jeall ey dule Loy B Bumyls lasns(V7, Vo) caniaeld slassl @halas o Blie Lol cudalall oo Lasdly
regression unrelated seeminglylL,allsSUR dla Ll pe c¥slall (o doglaie ¥ 5o LVARp o

dlyall alall . VAR I ylumei¥l dorie aluseiels coanddl g ygull Jaaild Alladl ylacdl o 28Nl Jilows « qoms doma orlo «Sobisall uige slia -
2221 o o 2008 14 suall (Aslasyl aglall

200



2017-2002 (gLl &lkly cipuall yau oo 2BMall ol Julns I Jyadll

s VARG luzs¥l dmie z3les =
2 oSy 2l sl i cilpiie badd coud Sl jas Led 23k s oS o sbaaddl § lue pladl (e
Lo gf cazms camy (@lly 26¥) ¥l z3ks e Juami Dl s § Llayuds ol &l Slpaall jwdl Layl
iyl Baamll o) Zumyladl ol paally Al
Jolad o) ez 131 Slaaall e sde o 4] Sl oIS 131 Sims 3 ads . olaaall o el 51,3(Sims 1980) waw!
clld e by Amlally sl Sl o s Sl 058 Y o) e 3T Gaey Aahll uaty Sl arex
eds d3U Wslae IS paasll L @ @a lda 2lsls SlaneS dolad ol aer addl lda g wie
VARG jlams¥l dzie 730 eliy 1 9y Law il
VARG am¥l 75k paibias =
e LS B! ailasdl jaay LI VAR 75900
oy Lelly 2l 1l claaall o a3l ¥ dily A Lel Laa v/
Aoladl Syaall byl alusial juss slas 8 cas Jw paatdl V0
L) Sslall e Lele oty @1 ells (e Jund) VAR z3kes alaiseialy il v/
Lo S lolan¥l (and VAR g 3le cayas il
) e UK z3geill el oy (ol e a5 lia urld Lslazd ¥l alasll e 2 p2 Lol v
oo gian e ydas @l Selall (1o alzally zigeidl 5uuds (S Albasyl Ll alazialy (S
Al sl e Lo pueiad ollas¥l 2l Gem ub z3ges e Jguand! 2|
caall e cHelall e Jyummlly sl Susie cliblae alastaly Lyl Gleys aas ga 3l slanl v/
Ayl bl jasid ellsy mludl dasys
function response Llziwd| jags Uls wuw o padn 1908 VAR ziged cpaogll calblan¥l sda e izl
Lozl us 3 Sleagall JIVAR z3gad @ aalihl paall dylil pases ylazadl (o dlsimpulse
Slaaall Jad 53y Jies Jloall suda. I las¥l 2390 & Slpaall on Jeladd] 2ulys § dplmiwd] yag @ls auas
Badme obandl Uhn dwlyd Aall @ld aloayall L_ST aly 0sSh JI Bale plladl LY (oyan Il cleasall
oAb sy el AN Hlam¥l 2ol Bodme Lolendl Aae Al L wloglall pusiad U
ROESAURYN <1 B FOWCINCE PR RPE RN
Blew @ Lz ded pig Aumyls Slodial (o3l pe sLazd¥l Jas 53y caims Lleiadl (as Wls ouxdl sbad¥l 3
csSadl BLasY! Liante JSI sLazd¥l las &g o Lumyls olpiieS Jolad ilediall VAR I las¥l 5k
& ol Ll Laledl @ 63Y alaally saill sueld @ sl .6y 3Y! AU Luleud! Slpdiey il

198-197 (o (o eslaius dasls «oulidl) sLaid¥l 3 il pisloms «goisall Gliue -
201




2017-2002 (gLl &lkly cipuall yau oo 2BMall ol Julns I Jyadll

¥ Jie a3l e sl sl Jad sy cavad Gl (as Als L A gl alpaadl ALyl
NaEM a3l i ially deaualdl iy die Ulad) Hlailed! (M)
Slysbially Bpall yauw o A8l VAR zigai yids 12§l

Slysbally Bpall pauw (i A8l VAR zigad puds @il (g 35 o8 Jouxl

Vector Autoregression Estimates

Sample (adjusted): 2002 2017
Included observations: 16 after adjustments

Standard errors in () & t-statistics in [ ]

TCN EXPR
TCN(—'I) 0.650732 0.023891
(0.4271 9) (0.35849)
[1.52328] [ 0.06665]
TCN(—Z) -0.207611 0.087924
(0.4971 6) (0.41 720)
[-0.41760] [0.21075]
EXPR(-1) -0.696523 1.047255
(0.49322) (0.41 390)
[-1.41219] [2.53023]
EXPR(-Z) -0.192873 -0.019037
(0.55321) (0.46424)
[-0.34864] [-0.04101]
C 78.69123 -10.48105
(49.3527) (41.41 53)
[ 1.59447] [-0.25307]

198 Lo o gibudl am bl s (gyiall Gl A
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R-squared 0.846452 0.749051
Adj. R-squared 0.790617 0.657797
Sum sq. resids 427.6861 301.1793
S.E. equation 6.235427 5.232584
F-statistic 15.15972 8.208399
Log likelihood -48.98942 -46.18395
Akaike AIC 6.748678 6.397994
Schwarz SC 6.990112 6.639428
Mean dependent 80.33155 36.53066
S.D. dependent 13.62684 8.944872
Determinant resid covariance (dof adj.) 527.6271
Determinant resid covariance 249.3862
Log likelihood -89.55806
Akaike information criterion 12.44476
Schwarz criterion 12.92762

Eviewse9 moliyy oilayiea yuuall

TCN = 0.650732003161*TCN(-1) - 0.207611090815*TCN(-2) - 0.696523108155*EXPR(-1) -
0.192872625268*EXPR(-2) + 78.6912298504
EXPR = 0.0238914196214*TCN(-1) + 0.0879242468417*TCN(-2) + 1.04725470405*EXPR(-1) -

0.0190365983632*EXPR(-2) - 10.4810511503

1 3leeld 1A Bola ¥l slast >

203



2017-2002 (gLl &lkly cipuall yau oo 2BMall ol Julns I Jyadll

Slold G boladl jlas | mlo (an 36 03y Jouz!
VAR Residual Serial Correlation LM Tests
Null Hypothesis: no serial correlation at lag order h
Date: 01/31/20 Time: 20: 25
Sample: 2000 2017

Included observations: 16

Lags LM-Stat Prob
1 0.420903 0.9807
2 3.758530 0.4397
3 0.612191 0.9617
4 2.151025 0.7080

Probs from chi-square with 4 df.
Eviewse9 moliy oilzyiea :yugall
dlas! ol Eus Serial correlation el Ll Alin (o il ¥ st ol dxie g dged ol W ek
Ui o zigaddl sl e (o @ g Tenadl Asyall Joud I Liady e Aol @l o J3T LM las
el Sl bls
ol uils Ll >
bl il JLis ) il onm 373 Jsand!
VAR Residual Heteroskedasticity Tests: No Cross Terms (only levels and squares)
Date: 01/31/20 Time: 20: 26

Sample: 2000 2017

Included observations: 16

: Joint test
Chi-sq df Prob.
32.52252 24 0.1146
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: Individual components

Dependent  R-squared F(8,7) Prob. Chi-sq(8) Prob.
res1*res 0.780535 3.111960 0.0762 12.48855 0.1307
res2*res2 0.774284 3.001560 0.0827 12.38855 0.1347
res2*res’ 0.672970 1.800592 0.2265 10.76751 0.2152

Eviewse9 moliy oilzyiea yuuall

bl Ol s e pais 15 Buauiall il

var zdged d,lpdiw >
var ziged &ylydiwl @i Jie 46 o3, JSaJ
Inverse Roots of AR Characteristic Polynomial
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Eviewse9 zeliyy oloysen yiall
3] (VAR satisfies the stability condition.) ;l,a:1u¥| g, & 3ass juall 73l W meazy S4TI9 Jodzdl UM e
ASiin oy Gl ¥ z3gaill (o Gay Les cBussdl 83515 J51s ad3 sodadl aaz 9 calsll (o yiial cdlelall ppan O
bl ol ane ol sl gyl 3
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st psslall 300 sl G G 38 0y Jpae)
VAR Residual Normality Tests
Orthogonalization: Cholesky (Lutkepohl)
Null Hypothesis: residuals are multivariate normal
Date: 01/31/20 Time: 20:28
Sample: 2000 2017

Included observations: 16

Component Skewness Chi-sq df Prob.
1 1.100033 3.226858 1 0.0724
2 0.338462 0.305484 1 0.5805
Joint 3.532341 2 0.1710
Component Kurtosis Chi-sq df Prob.
1 3.848350 0.479798 1 0.4885
2 3.462609 0.142671 1 0.7056
Joint 0.622470 2 0.7325
Component Jarque-Bera df Prob.
1 3.706656 2 0.1567
2 0.448155 2 0.7993
Joint 4.154811 4 0.3855

Eviewse9 maliyy il yiea yduall
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S ablas) giln e sby Lok pip5 Ul et 4xie @ eiddl slasl of U man  Jsasd B o
.(Jarque-Bera .Kurtosis .Skewness) ye
Lt s B ) 5ol 3 7 Ll W) ity oMol Jpoinll (8 Aomamsll lsliall i abill Jubns gilis S5 o0
Sl 3 eudll sda o1yl @ uadll sl § % 50 Jloo iy dunds il § clovis e 23l lyslall sl 5l
iy Bl e § SRS e Al puiall T (ol Reed o Lasdb 431 cils o 61 % Jlso I ! Joshal
i o) ool Aale Aagmy % 38 dlg> I hatd Jughall ol § 2uddl sl padsis @ puadll gull § % 49 s>
Ay 00 Sl Baite ohe Byl s A5 e Jo Lo s 5 laasio <ol ace Sty 5yacill Shliall ol
i paall 3 S Gyl e adll olially dylia 21,15
Variance décomposition pladl Jul=s -

Variance décomposition ¢pled! Jeli milis (e 39 o8, Jeuzl!

Variance

Decompositio

:n of TCN

Period S.E. TCN EXPR

1 6.235427 100.0000 0.000000

2 9.467461 92.65489 7.345115

3 12.47724 79.27745 20.72255

4 15.05340 68.62767 31.37233

5 16.98837 61.54756 38.45244

6 18.29879 57.02469 42.97531

7 19.10628 54.22008 45.77992

8 19.55664 52.56704 47.43296

9 19.78027 51.66928 48.33072

10 19.87615 51.23888 48.76112
Variance
Decompositio
:n of EXPR

Period S.E. TCN EXPR

1 5.232584 50.43648 49.56352
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2 7.501423 49.43472 50.56528

3 9.023352 46.28874 53.71126

4 10.05382 43.38528 56.61472

5 10.70463 41.24550 58.75450

6 11.08010 39.82359 60.17641

7 11.27499 38.96280 61.03720

8 11.36371 38.49997 61.50003

9 11.39760 38.29116 61.70884

10 11.40772 38.22357 61.77643
Cholesky
Ordering:
TCN EXPR

Eviewse9 moliyy oilayiea yuuall

4l giall losgall Blmiwd! Jlos o
1l gl Slosnall Aplaad] Jlss mli o 40 o3y Jguz!

: Response of TCN
Period TCN EXPR
1 6.235427 0.000000
2 6.645949 -2.565859
3 6.353829 -5.067301
4 5.665100 -6.231378
5 4702714 -6.315404
6 3.649033 -5.738058
7 2.643066 -4.818584
8 1.765971 -3.780677
9 1.054325 -2.772209
10 0.514166 -1.880985
: Response of EXPR
Period TCN EXPR
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-3.716110
-3.742741
-3.141834
-2.482910
-1.846426
-1.275958
-0.800440
-0.429990
-0.160490

0.020572

3.683811
3.857888
3.908762
3.673362
3.178121
2.559601
1.927686
1.350415
0.863536
0.479989

Cholesky  Ordering:
TCN EXPR

Eviewse9 moliy il yee Lyl

SIS Juaddl

VAR 11 5lami¥l danie z3ge8 alusial olsylsll dle Cipall yau i piis 3g,4ll

VAR 101 jlami¥l date z3ges aliiiuls Solalgdl e Capall yau iy glis can 41 o3, Joused!

Vector Autoregression Estimates
Date: 01/31/20 Time: 20: 33
Sample (adjusted): 2002 2017

Included observations: 16 after adjustments

Standard errors in () & t-statistics in [ ]

IMPR TCN
IMPR(-1) 1.116886 1.031796
(0.34757) (0.68936)
[3.21344] [1.49674]
IMPR(-2) -0.265477 -0.314143
(0.30630) (0.60751)
[-0.86673] [-0.51710]
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SIS Juaddl

TCN(-1) -0.219633 0.799208
(0.19001) (0.37687)

[-1.15590] [2.12067]

TCN(-2) 0.279438 0.179233
(0.25066) (0.49715)

[1.11482] [0.36052]

C 0.601719 16.65324

(10.7158) (21.2536)

[0.05615] [-0.78355]

R-squared 0.643333 0.840746

Adj. R-squared 0.513636 0.782836
Sum sq. resids 112.7592 443.5794
S.E. equation 3.201693 6.350228
F-statistic 4.960272 14.51802

Log likelihood -38.32435 -49.28132
Akaike AIC 5.415543 6.785165
Schwarz SC 5.656977 7.026599
Mean dependent 29.15147 80.33155
S.D. dependent 4.590911 13.62684
Determinant resid covariance (dof adj.) 278.1889
Determinant resid covariance 131.4877

Log likelihood -84.43734

Akaike information criterion 11.80467

Schwarz criterion 12.28754

Eviewse9 maliyy il>yiea yduall
IMPR = 1.1168855916*|MPR(-1) - 0.265476775589*|MPR(-2) - 0.219633072955*TCN(-1) +
0.279438256026*TCN(—Z) +0.601718644094
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TCN = 1.03179558431*IMPR(-1) - 0.314143482751*IMPR(-2) + 0.799207788728*TCN(-1) +
0.179233263469*TCN(-2) - 16.6532396146

1 @leeld I Lol jlas >
Qo 1) oLl Hlas | w5l Cne 42 o8y ooz

VAR Residual Serial Correlation LM Tests
Null Hypothesis: no serial correlation at lag order h
Date: 01/31/20 Time: 20:35
Sample: 2000 2017

Included observations: 16

Lags LM-Stat Prob
1 1.462648 0.8332
2 10.89901 0.0277
3 7.267073 0.1224
4 1.181403 0.8812

Probs from chi-square with 4 df.
Eviewse9 moliyy Gileyiee 1yuuall

Serial correlation _lududll LLsd| ASin (po Gilay ¥ lasdl mmiad dzie z3ged 41 W pany 42 @) Jouztl M5 (e
oo gisal sl e pais @1 5 Agoall Luzpall Jgd Il Lindiy Les Amyedl oudll a J3T LML ilian] ol g

el G by allie

t @losld auall ausenll Hlasl >
Slodl (aedall asoll Hlas ! mli (o 43 o8y Jouz!!
VAR Residual Normality Tests
Orthogonalization: Cholesky (Lutkepohl)

Null Hypothesis: residuals are multivariate normal

Sample: 2000 2017

Included observations: 16
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Component Skewness Chi-sq df Prob.
1 -0.121273 0.039219 1 0.8430
2 0.778115 1.614569 1 0.2039
Joint 1.653788 2 0.4374
Component Kurtosis Chi-sq df Prob.
1 2.100291 0.539651 1 0.4626
2 3.364250 0.088452 1 0.7662
Joint 0.628103 2 0.7305
Component Jarque-Bera df Prob.
1 0.578870 2 0.7487
2 1.703021 2 0.4268
Joint 2.281890 4 0.6841

Eviews 9 maliyy cilayies @yl
) oo S Sblas) @l de els Lonb g3o5 asll muras dmie § ) elasl of W man Jsisll S oo
. ( Jarque-Bera .Kurtosis Skewness
bl s 5Lt >
Crbd! il sLas | L o 44 08 Joae!

VAR Residual Heteroskedasticity Tests: No Cross Terms (only levels and squares)
Date: 01/31/20 Time: 20: 36
Sample: 2000 2017

Included observations: 16
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: Joint test
Chi-sq df Prob.
22.77674 24 0.5330

¢ Individual components

Dependent ~ R-squared F(8,7) Prob. Chi-sq(8) Prob.
res1*res1 0.516238 0.933742 0.5427 8.259812 0.4085
res2*res2 0.421019 0.636275 0.7306 6.736300 0.5653
res2*res’ 0.459560 0.744051 0.6583 7.352961 0.4991

Eviews 9 zeliy cilayies 1 juuall

ol ol ald e pais (&1 g eaall dn,all
ionbd) Jeloes mls :4 ¢ 4210

bl Juloms il s 45 03y Jouzd|

Varian
ce
Deco
mposit
ion of
:IMPR
Period S.E. IMPR TCN

1 3.201693 100.0000 0.000000
2 4.390802 93.20971 6.790286
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3 4.842554 92.10373 7.896273

4 5.064677 92.77713 7.222870

5 5.281640 92.77374 7.226261

6 5.540744 92.31334 7.686659

7 5.843497 91.83392 8.166084

8 6.187562 91.44468 8.555324

9 6.573406 91.12345 8.876547

10 7.003801 90.84060 9.159397
Varian
ce
Deco
mposit
ion of
:TCN

Period S.E. IMPR TCN

1 6.350228 32.70208 67.29792

2 9.806673 53.75709 46.24291

3 12.70762 66.58342 33.41658

4 15.36933 73.81840 26.18160

5 17.96435 78.05794 21.94206

6 20.60334 80.71752 19.28248

7 23.35004 82.51579 17.48421

8 26.24338 83.81140 16.18860

9 29.31297 84.78594 15.21406

10 32.58622 85.53846 14.46154
Chole
sky
Orderi
ng:
IMPR
TCN
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Eviews 9 zeliy il yiea 1 juuall

oo % 93 Jls> puaall sull @ of LoDl codel Jouzll § Aminsll @loyloll sine cpls Julms gl IS oy
Byanca) (bl Al iy LeS lu 308 dud (2 9 layledl 3 (6l dunii il @ Sloso e Al gudadl Tas (s
i Joglall gl 3% 15 s> ) Juat! Awdll sda paiys o suadll gall 3% 7 Jls> dpnll jaw § iz,
yiall yaud Caab il Lo dale Lasmy ((Slalell Bewd (o ) duds paill § Slpdt e (alaS % 85 dws
Slaid¥l S 5 Sluogms ae 38lsm @ln (2 9 &bl sbatdW Ludlly ishall gl § @laylell Ld e
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Response of

:IMPR

Period IMPR TCN

1 3.201693 0.000000

2 2.778344 -1.144163

3 1.904887 -0.736609

4 1.483102 -0.032142

5 1.442803 0.403835

6 1.568486 0.586494

7 1.737232 0.654703

8 1.911129 0.697895

9 2.088948 0.748359

10 2.277303 0.810835
Response of
:TCN

Period IMPR TCN

1 3.631424 5.209429

2 6.205755 4163417

3 7.471452 3.080596

4 8.176176 2.807660
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5 8.805447 2.994286

6 9.525596 3.323054

7 10.35627 3.670766

8 11.28385 4.020583

9 12.30049 4.385619

10 13.40808 4.778558
Cholesky
Ordering:
IMPRTCN

Eviews 9 zeliy <l yien : yduall
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f Ayl Aoy 1 n-k-1
:Granger Test_juadll ol Lo docud) cilddall jlas »
Granger Test yuadll gull (e duudl @ilddall jlas | mli cng 47 o8 Jouzxll

Pairwise Granger Causality Tests
:Null Hypothesis Obs F- Prob.
Statistic

D(EXPR) does not Granger Cause 15| 0.44506 0.6529
D(TCN)

D(TCN) does not Granger Cause D(EXPR) |  0.18441 0.8344

D(IMPR) does not Granger Cause 15| 0.13267 0.8773
D(TCN)

D(TCN) does not Granger Cause D(IMPR) |  1.39347 0.2925

D(IMPR) does not Granger Cause 15| 0.09265 0.9123
D(EXPR)

D(EXPR) does not Granger Cause D(IMPR) |  0.49117 0.6259

Eviews 9 zoliyy cilayses @ yuuall

Ot At 8o (6l 929 e W iaty « puadll sall e duad) L8l Granger yilie Hlas) il Sy
Ll pmall gulkl e CBpall pa cilpan Sl Y cilsylell g claball o S of Jou b 1da o cdly)ud) el pase
glad 7l cwlpball of s (gl slaid¥l Ao gims 3las 4 olal ) agay 1da 9 (gl sLazdd

(L8 g,mll) glaall lia zyls ddall alaall Lo bl o 6331 85liay 6T %6 Lsd gais ¥ lux s A cilBgy=l

o ddus
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(2017-2000) Jeo¥l foell il e RucadS Silsylolls Slsbiall bpall pau o o1 o8, il
Année EXPR IMPR TCN
2000 42.07411719 20.78967792 75.25979167
2001 36.69032411 22.01797965 77.21502083
2002 35.5061248 25.63127405 79.6819
2003 38.24845312 23.87434555 77.394975
2004 40.05301589 25.64765575 72.06065
2005 47.20444327 24.07299656 73.27630833
2006 48.80908972999999 21.91862995 72.64661667
2007 47.06725115 24.87009516 69.2924
2008 47.97392131 28.71191198 64.5828
2009 35.37112647 35.95196774 72.64741667
2010 38.44505229 31.42251947 74.38598333
2011 38.78755475 28.68590073 72.93788333
2012 36.88980191 28.51405622 77.53596666999998
2013 33.21019468 30.40083134 79.3684
2014 30.21911368 31.92674928 80.57901667
2015 2317173869 36.52334167 100.6914333
2016 20.87241999 35.0532416 109.4430667
2017 22.66120436 33.21795024 108.78
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Series: IMPR
Sample 2000 2017
Observations 18

Mean 28.29062
Median 28.59998
Maximum 36.52334
Minimum 20.78968
Std. Dev. 4991841
Skewness 0.174660
Kurtosis 1.836197

Jarque-Bera 1.107346
Probability 0.574835

Series: EXPR
Sample 2000 2017
4 Observations 18
Mean 36.84750
3 Median 37.56913
Maximum 48.80909
Minimum 20.87242
2 Std. Dev. 8.502974
Skewness -0.431003
1 Kurtosis 2.404565
Jarque-Bera  0.823197
o Probability 0.662590

2 45 50

Series: TCN
Sample 2000 2017
Observations 18

Mean 79.87665
Median 76.23741
Maximum 109.4431
Minimum 64.58280
Std. Dev. 12.87284
Skewness 1.477833
Kurtosis 3.928353

Jarque-Bera  7.198350
Probability 0.027346

0 25 30 35 40
T T
60 65 70 75 80 85 90 95 100 105 110
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Correlation

t-Statistic
Probability TCN EXPR IMPR
TCN 1.000000
EXPR -0.895669 1.000000
-8.056007 @ -
0.0000 @ -
IMPR 0.573494 -0.730781 1.000000
2.800230 -4.282261 -
0.0128 0.0006 @ -

EXPR = f(TCN Jo¥l z3gaill) (11 ylui¥l deis z3gai :8 o) gl

Roots of Characteristic Polynomial
Endogenous variables: TCN EXPR
Exogenous variables: C

Lagspecification: 12

Root Modulus
0.757426 - 0.198890i 0.783104
0.757426 + 0.198890i 0.783104
0.091567 - 0.160353i 0.184655
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0.091567 +0.160353i 0.184655

No root lies outside the unit circle.
VAR satisfies the stability condition.
TCN = C(1,1)*TCN(-1) + C(1,2)¥TCN(-2) + C(1,3)*EXPR(-1) + C(1,4)*EXPR(-2) + C(1,5)

EXPR = C(2,1)*TCN(-1) + C(2,2)*TCN(-2) + C(2,3)*EXPR(-1) + C(2,4)*EXPR(-2) + C(2,5)

VAR Model - Substituted Coefficients

TCN =0.650732003161*TCN(-1) - 0.207611090815*TCN(-2) - 0.696523108155*EXPR(-1) -

0.192872625268*EXPR(-2) + 78.6912298504

EXPR =0.0238914196214*TCN(-1) + 0.0879242468417*TCN(-2) + 1.04725470405*EXPR(-1) -

0.0190365983632*EXPR(-2) - 10.4810511503
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TCN Residuals
15

10

-5 |

-10

T
2002 2004 2006 2008 2010 2012 2014 2016

EXPR Residuals
10

-10

-15

T T T T T T T T T T T T T 1
2002 2004 2006 2008 2010 2012 2014 2016

il cpldd) g cpldd) ddedms 10 o8, a3l

TCN EXPR

TCN 38.8805 -23.171535

EXPR -23.1715 27.379
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Dependent Variable: TCN
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VAR 7 3Loidd dysladl gpiall cilasyll pouds mili 111 o, 3=elll

Method: Least Squares (Gauss-Newton / Marquardtsteps)

TCN = C(1)*TCN(-1) + C(2)*TCN(-2) + C(3)*EXPR(-1) + C(4)*EXPR(-2) +

C(5)

Coefficient  Std. Error t-Statistic Prob.

C(1) 0.650732  0.427192 1.523277 0.1559

C(2) -0.207611  0.497156  -0.417598 0.6843

C(3) -0.696523  0.493222  -1.412191 0.1856

C(4) -0.192873  0.553210  -0.348642 0.7339

C(5) 78.69123  49.35273 1.594466 0.1391
R-squared 0.846452 Meandependent var 80.33155
Adjusted R-squared  0.790617 S.D. dependent var 13.62684
S.E. of regression 6.235427 Akaike info criterion 6.748678
Sumsquaredresid 427.6861 Schwarz criterion 6.990112
Log likelihood -48.98942 Hannan-Quinn criter. 6.761041
F-statistic 15.15972 Durbin-Watson stat 1.955571

Prob(F-statistic) 0.000189

Dependent Variable: EXPR

EXPR = C(6)*TCN(-1) + C(7)*TCN(-2) + C(8)*EXPR(-1) + C(9)*EXPR(-2) +

C(10)

Coefficient Std. Error t-Statistic Prob.

0.023891 0.358487 0.066645 0.9481

254



LI awls

C(7) 0.087924 0.417198 0.210749 0.8369

C(8) 1.047255 0.413897 2.530231 0.0280

C(9) -0.019037 0.464238 -0.041006 0.9680

C(10) -10.48105 41.41533 -0.253072 0.8049
R-squared 0.749051 Meandependent var 36.53066
Adjusted R-squared 0.657797 S.D. dependent var 8.944872
S.E. of regression 5.232584 Akaike info criterion 6.397994
Sumsquaredresid 301.1793 Schwarz criterion 6.639428
F-statistic 8.208399 Durbin-Watson stat 2.014680

Prob(F-statistic) 0.002553
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Response to Cholesky One S.D. Innovations

Response of TCN to TCN

Response of TCN to EXPR

Response of EXPR to TCN

Response of EXPR to EXPR
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Variance Decomposition

Percent EXPR variance due to TCN
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Accumulated Response to Cholesky One S.D. Innovations

Accumulated Response of TCN to TCN

Accumulated Response of EXPR to TCN
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Variance Decomposition of TCN
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IMPR = f(TCN ) (Ul z3g0idl ) (I 5 umi¥l doxia 7390316 o, 3oxlll

Roots of Characteristic Polynomial
Endogenous variables: IMPR TCN
Exogenous variables: C

Lagspecification: 12

Root Modulus
1.089874 1.089874
0.308056 - 0.284008i 0.418998
0.308056 + 0.284008i 0.418998
0.210108 0.210108

Warning: At least one rootoutside the unit circle.
VAR does not satisfy the stability condition.
IMPR = C(1,1)*IMPR(-1) + C(1,2)*IMPR(-2) + C(1,3)*TCN(-1) + C(1,4)*TCN(-2) + C(1,5)

TCN = C(2,1)*IMPR(-1) + C(2,2)*IMPR(-2) + C(2,3)*TCN(-1) + C(2,4)*TCN(-2) + C(2,5)

VAR Model - Substituted Coefficients

IMPR =1.1168855916*IMPR(-1) - 0.265476775589*IMPR(-2) - 0.219633072955*TCN(-1) +

0.279438256026*TCN(-2) + 0.601718644094

TCN =1.03179558431*IMPR(-1) - 0.314143482751*IMPR(-2) + 0.799207788728*TCN(-1) +

0.179233263469*TCN(-2) - 16.6532396146
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System: UNTITLED

Estimation Method: Least Squares

Sample: 2002 2017

Included observations: 16

Total system (balanced) observations 32

Coefficient Std. Error t-Statistic Prob.
c(1) 1.116886 0.347567 3.213438 0.0040
C(2) -0.265477 0.306298 -0.866728 0.3954
C(3) -0.219633 0.190010 -1.155901 0.2601
C(4) 0.279438 0.250658 1.114817 0.2770
C(5) 0.601719 10.71578 0.056153 0.9557
C(6) 1.031796 0.689364 1.496736 0.1487
C(7) -0.314143 0.607510 -0.517100 0.6102
C(8) 0.799208 0.376866 2.120669 0.0455
Cc(9) 0.179233 0.497155 0.360518 0.7219
C(10) -16.65324 21.25364 -0.783548 0.4417

Determinantresidual covariance 131.4877

Equation: IMPR = C(1)*IMPR(-1) + C(2)*IMPR(-2) + C(3)*TCN(-1) + C(4)

*TCN(-2) + C(5)

Observations: 16

R-squared 0.643333
Adjusted R-squared 0.513636
S.E. of regression 3.201693

Meandependent var

S.D. dependent var

Sumsquaredresid
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Durbin-Watson stat 1.862685

Equation: TCN = C(6)*IMPR(-1) + C(7)*IMPR(-2) + C(8)*TCN(-1) + C(9)
*TCN(-2) + C(10)

Observations: 16

R-squared 0.840746 Meandependent var 80.33155

Adjusted R-squared 0.782836 S.D. dependent var 13.62683

S.E. of regression 6.350228 Sumsquaredresid 443.5794
Durbin-Watson stat 2.024642
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IMPR Residuals
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IMPR TCN
IMPR 7.0474515 7.9933607
TCN 7.9933607 27.7237118
VAR z3g90i § (lgdeadl Silodyall Llmiwdl Jl9s :20 o, 3l
Response to Cholesky One S.D. Innovations
Respanse of IMPR to IMPR Respanse of IMPR to TCN
4 4
3 3
2 2]
1] 1]
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I\
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12 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
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2 . ‘ o
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Variance Decomposition
Percent IMPR variance due to IMPR Percent IMPR variance due to TCN
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Accumulated Response to Cholesky One S.D. Innovations
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Variance Decomposition of IMPR
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