OLIEHKA 3®®EKTA NEPEHOCA
BAJIKOTHOIO KYPCA HA LIEHbI B
YCNOBUAX CTPYKTYPHbIX CABUTOB

NBaweHko Cepren Mmnxannosumy

C3l'Y (baHk Poccun)

HacTodwaa ctatba BblpaXxaeT JIMYHYIO NO3ULNI0
aBTOPOB, KOTOpasi MOXEeT He coBnagaTb C
opumuymansHon nosmumen baHka Poccun. baHk Poccun
He HeceT OTBETCTBEHHOCTU 3a coAepXXaHUe cTaTbM.
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Ob6wume 3amevyaHus

> [locnegHue rogbl HabngaeTca BbICOKas BONMATUNBLHOCTL Kypca pyons. 9T1o
NOBLILLAET aKTyarbHOCTb Bornpoca 06 3adcekTe nepeHoca. [lpuyewm,
NOBbILLEHHAs1 BONATUIIbHOCTb Aenaer 0Oonee BaXHbIMU  HESIMHEeMHbIe

apdeKTbl.

» Cobbitns 2022 roga Bbi3Banu [MyOOKME CTPYKTYPHble pa3pbiBbl B
9KkOHOMUKe P®P. CooTBETCTBEHHO, 3MEKT NepeHoca Tak Xe MOr rnpetepneTb
3aMeTHble nameHeHunsi. OgHako, aAnuHHa psiaoB nocrne 2022 roga He BenuKa.

> Kypc aBngaeTtca pe3ynbTUPYOLWMM MHOXeECTBa LLOKOB (LIeHa uMmrnopTa, cnpoc
Ha 93KCrMopT, ueHa HedTu, OBMXKEeHuWe Kanutana). B 3aBMCUMMOCTU OT TOrO,
KakOW M3 LUOKOB Bbl3Ban U3MEHEHME Kypca — BNUAAHME Ha MHnAauuo byaet
pa3nunyHo.

> Bonpoca o6 addekte nepeHoce Kypca, 310 00beaunHeHue B doopme
ycpeaHeHUsA pasHbiX MEXaHU3MOB.
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BVAR: inverse Wishart conjugated Normal

p
Yi = (Z Aiyt-ij + Aoz, +& =BX, +¢&
=)

V(g)=Q~IW(S,n) B ~ N(EB,VB®Q)

-1

VB, = ((VB,)* + xx) EB, = (EB,(VB,)™* +YX '] 'VB,

S, =S, +(EB, —EB, VB, )" (EB, —EB, )+(Y —EB,X Y —EB,X ) n=n,+T

(24 @-i2) ) (st vBM
ML = - n /2 n,/2 Tn,/2
i1 y(ne/2+(1-1)/2) ‘81 ' NBO‘ VT

P@1Y.,U)=P((@]Y)|U)



® bank Poccum

BVAR-break: inverse Wishart conjugated Normal

» IWCN — pacnpegeneHne npanopa n nocrepuopa.

» Pa3buntb BbI6GOPKY Ha Ao 1 nocne. [NepBble napy nepnoaos nocne —
nepexoaHbin nepuog, (He yuuTbiBaTb).

» KWcnonb3soBartb nocrtepuop 4o, Ans popmMmmnpoBaHns npamnopa nocrie.

Moy =Ny, s, = 90 Ve )sliiagyfdf )y, —n, 1)
1 My
EB,, =EB, VB,, = VB, +diag(diag(VB,)y,, )

ML(YO’Yl) = ML(YO)ML(Yl | Yo)



@ Bank Poccum

BVAR-nonlinear

squared regressors

Quantile(0.2,0.8)

Quantile2(0.2,0.8)

Y :[iwyt-i)jmowt _Bf(x,)+2,

i=1

0 xe(X;X.,l
X X (X X,]

X I = ImaX
f, (X)= 0 xe(X:%al . .
X X (X Xl

W i =
= (S
h 4% -
: =2
(SHA

vb

b = (X —%)"
VO ) {Q}j,jlwp

N B
b = (S
(WA 78
W (X — %) i £i
{Q}ijly/p max
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Exchange rate pass-through (ERPT) measures

Nonlinear IRF:

Unexplosive:

ERPT:
Exchange rate come back problem

Maximum exchange rate pass-through:

E(x, |5 ~ N(so(s)s,o(s)) e)j s

IRF(v,i,s,t,0)= (_ E(x,|& ~ N(0,0(s,)),0)

vv,i:abs(IRF(v,i,s =1t =48,0))<0.3 mtax(abs(IRF(v, i,s=1t,0)))

T

IRF(p, shock,t,8)/12
ERPT (shock,T,0) = =

;
D IRF(ex, shock, t, 6)

t=1

;
D IRF(p, shock,t,6) /12
MERPT (shock,T,8) = =
Lrpsa{zlz IRF (ex, shock, t, 9)}
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[JaHHble n orpaHU4YeHuUs

» 2013m1l - 2023m1l

» Annualized log-growth CPI, RUONIA, log-growth proxy-GDP (services,
construction, industrial production and retail trade based), minus log-growth
rate of BIS effective exchange rate (nominal)

» Seasonal adjusted by TRAMO-SEATS

Supply Monetary Demand shock Exchange rate
(productivity, cost) | policy shock shock
shock

Inflatlon + (25%)

Interest rate

+ + (25%) NA NA
Output growth _ _ + (25%) +

Exchange rate " - NA + (25%)
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Bbibop mopenu

T =

Line

871.0
872.8
867.8
865.3
861.5
858.6
856.7
855.9
853.8
851.8
850.3
849.1

regressors

872.4
874.5
868.1
864.3
859.7
855.4
852.0
851.5
848.8
846.7
844.7
842.8

quantile

864.2
862.9
857.2
854.1
854.6
851.6
848.9
846.6
842.5
841.9
841.3
840.9

guantile2

871.2
872.2
864.4
860.5
857.8
854.8
853.2
852.0
850.6
849.0
847.8
846.6

Line, break
2014M10

751.5
749.3
742.7
738.1
733.8
730.2
727.8
726.1
723.8
721.6
720.0
718.9

regressors,
break

763.6
759.4
750.3
743.3
737.6
732.4
728.2
726.4
723.1
720.2
718.3
716.2

break
2014M10

2014M10
guantile,

754.2
747.8
741.8
735.8
737.1
733.7
729.5
731.4
727.4
725.8
723.7
723.4

guantile2,
break
2014M10

751.5
745.5
736.6
729.0
725.9
722.3
719.3
718.4
716.3
714.3
712.7
711.9
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IRF (line)

Initial draws: 4000
Before sign restriction
check keeps: 2141

Final check:

Usual before 2141
Usual after 2141
Opt before 1301
Opt after 1281

-0.01 ¢

-0.02

-0.15

inflation
0.05 y T

0.04
0.03
0.02 [/

output

0.25
0.2+

0.15 |

0.025

0.02
0.015 ¢
0.01F

0.005 f

0.08

0.02

0.06

0.04 .

interest rate

exchange rate

before break(usual)
after break(usual)
before break(opt)
after break(opt)
------------- before break(usual)+-std
------------- after break(usual)+-std | |
before break(opt)+-std

------------- after break(opt)+-std
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IRF (squared regressors

Initial draws: 4000

Before sign restriction

check keeps: 2830
Final check:

Usual before 2487
Usual after 2269
Opt before 1543
Opt after 1371

ianaZon

0.06 ;

0.04

0.02 /i,

0.02 :
0 5 10 15 20 25

output

0.3 . P .

0.2 ¢

0.02

0015
0.01f

0.005 £

-0.005

-0.01

0.08

0.04 -

0.02

-0.02

0.06 |:

interest rate

10 15 20

exchange rate

25

before break(usual)
after break(usual)
before break(opt)
after break(opt)

------------- before break(usual)+-std
- after break(usual)+-std
before break(opt)+-std

------------- after break(opt)+-std

10 15 20

25
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IRF mean vs median(squared regressors, conventional)

20

10

0.1

0.05

-0.05

-0.1

«1073 inflation

15 1|

0 5 10 15 20 25
output
0 5 10 15 20 25

0.04

0.03

0.02

0.01

«1073 interest rate

exchange rate

before break(mean)
after break(mean)

before break(median) | |

after break(median)

15 20

25
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IRF (quantile2)

Initial draws: 25000
Before sign restriction
check keeps: 1682
Final check:

Usual before 1489
Usual after 1368
Opt before 902
Opt after 818

0.06

-0.02 |

-0.04

0.3

0.2}

-0.2

004

inflation

10 15 20

output

25

10 15 20

25

0.025

0.02}
0015 ;
0.01F

0.005 F/-

-0.005

-0.01

0.08

0.04 [\

0.02

-0.02

-0.04

0.06 |

interest rate

0 5 10 15 20 25
exchange rate
' before break(usual)
after break(usual)
before break(opt)

after break(opt)

>>>>>>>>>> before break(usual)+-std

------------- after break(usual)+-std
before break(opt)+-std

- after break(opt)+-std
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IRF mean vs median(quantile2, conventional)

%1073 inflation

20

15

10

0.08

0.06

0.04

0.02

-0.02

-0.04

-0.06

-0.08

0.01

output

25

0.04

0.03

25

0.008

0.006

0.004

0.002 -

interest rate

10

exchange rate

15

20

25

0.02 1

0.01r

T

before break(mean)
after break(mean)
before break(median)
after break(median)

10

15

20

25
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HekoTopble nokaszatenu ERPT (nMHenHaa moaens)
36 12 12448

mean MERPT, opt, before 7.20% 11.09% 10.90% 8.54% 7.95%

mean MERPT, opt, after 6.02% 9.48% 9.21% 6.72% 6.32%

mean ERPT, opt, before 7.55% 14.23% 18.03% 15.35% 11.97%

mean ERPT, opt, after 6.42% 14.52% 5.42% 38.19% 48.91%

median ERPT, opt, before 6.62% 12.00% 13.25% 10.07% 8.73%
median ERPT, opt, after 5.61% 9.86% 10.43% 5.66% 4.29%

ERPT based on mean IRF, opt, before 7.27% 12.92% 14.47% 12.13% 11.31%
ERPT based on mean IRF, opt, after 6.09% 10.67% 13.80% 12.43% 12.41%
ERPT based on median IRF, opt, before 6.79% 12.49% 13.21% 10.41% 9.45%
ERPT based on median IRF, opt, after 5.70% 10.08% 11.88% 9.50% 8.59%
mean MERPT, usual, before 6.57% 10.24% 10.04% 7.89% 7.33%
mean MERPT, usual, after 5.40% 8.67% 8.56% 6.34% 5.98%

mean ERPT, usual, before 6.82% 12.48% 14.72% 12.66% 10.30%

mean ERPT, usual, after 5.76% 10.73% 9.93% 1.60% -6.45%
median ERPT, usual, before 6.62% 11.94% 12.73% 10.23% 9.20%
median ERPT, usual, after 5.44% 9.54% 10.97% 6.60% 4.65%

ERPT based on mean IRF, usual, before 6.77% 12.14% 13.48% 11.24% 10.50%
ERPT based on mean IRF, usual, after 5.67% 9.94% 12.74% 11.53% 11.56%
ERPT based on median IRF, usual, before 6.59% 11.90% 12.57% 10.37% 9.42%
ERPT based on median IRF, usual, after 5.48% 9.64% 11.72% 9.75% 8.81%
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HekoTopble nokasaTtenu ERPT (squared regressors)
s e [ 12 |24 148

mean MERPT, opt, before 6.65% 10.53% 10.49% 8.19% 7.71%

mean MERPT, opt, after 5.92% 9.11% 8.15% 6.15% 6.40%

mean ERPT, opt, before 7.21% 14.25% 20.17% 4.28% 41.03%

mean ERPT, opt, after 6.71% 11.42% 12.22% 3.33% 16.78%

median ERPT, opt, before 6.35% 11.68% 12.40% 9.13% 8.15%
median ERPT, opt, after 5.80% 9.88% 7.04% 3.61% 3.15%

ERPT based on mean IRF, opt, before 7.00% 12.60% 13.93% 11.47% 10.74%
ERPT based on mean IRF, opt, after 6.22% 11.65% 15.99% 13.98% 14.52%
ERPT based on median IRF, opt, before 6.56% 12.16% 12.61% 9.80% 8.75%
ERPT based on median IRF, opt, after 5.92% 11.02% 11.65% 8.45% 8.45%
mean MERPT, usual, before 6.14% 9.88% 9.83% 7.57% 7.19%
mean MERPT, usual, after 5.34% 8.49% 7.86% 5.82% 5.96%

mean ERPT, usual, before 6.61% 12.27% 14.63% 9.81% 45.39%

mean ERPT, usual, after 5.90% 13.90% 13.89% -12.61% 0.61%
median ERPT, usual, before 6.32% 11.58% 12.44% 9.39% 8.67%
median ERPT, usual, after 5.51% 10.06% 8.66% 4.09% 3.43%

ERPT based on mean IRF, usual, before 6.57% 11.92% 13.21% 10.80% 10.30%
ERPT based on mean IRF, usual, after 5.75% 10.94% 15.67% 14.07% 14.70%
ERPT based on median IRF, usual, before 6.44% 11.88% 12.65% 9.77% 9.05%
ERPT based on median IRF, usual, after 5.63% 10.50% 13.71% 9.67% 9.39%
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HekoTopble nokasatenu ERPT (quantile2)

mean MERPT, opt, before
mean MERPT, opt, after
mean ERPT, opt, before
mean ERPT, opt, after
median ERPT, opt, before
median ERPT, opt, after
ERPT based on mean IRF, opt, before
ERPT based on mean IRF, opt, after
ERPT based on median IRF, opt, before
ERPT based on median IRF, opt, after
mean MERPT, usual, before
mean MERPT, usual, after
mean ERPT, usual, before
mean ERPT, usual, after
median ERPT, usual, before
median ERPT, usual, after
ERPT based on mean IRF, usual, before
ERPT based on mean IRF, usual, after
ERPT based on median IRF, usual, before
ERPT based on median IRF, usual, after

5.58%
5.80%
3.96%
6.86%
6.51%
5.86%
6.91%
6.25%
6.66%
5.76%
5.23%
5.27%
6.71%
2.44%
6.37%
5.77%
6.56%
6.05%
6.43%
5.78%

7.89%
8.64%

-160.93%

15.54%
10.99%
10.10%
12.22%
12.22%
11.88%
11.50%
1.47%
7.93%
17.56%
3.50%
10.64%
9.95%
11.49%
12.07%
11.38%
11.46%

6.06%
7.07%
21.31%
16.80%
7.98%
3.73%
12.00%
26.38%
9.76%
17.13%
5.54%
6.63%
13.96%
-9.19%
8.10%
3.68%
10.72%
27.43%
9.31%
18.50%

3.48%
4.86%
4.45%
7.56%
5.80%
-0.01%
8.10%
96.00%
6.38%
12.85%
3.43%
5.11%
4.39%
-6.19%
5.52%
-0.42%
7.56%

-209.28%

5.90%
21.90%

2.98%
4.62%
10.81%
21.08%
5.23%
-0.32%
7.53%

36 12 24 |48

-380.77%

5.40%
12.01%
3.10%
4.67%
31.63%
-12.20%
5.36%
-1.47%
6.96%
-29.96%
5.50%
23.21%
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HekoTopble nokasatenu ERPT

.
Period 3 12 48 3 12 48

" mean MERPT, opt, before 6.21% 10.40% 7.10% 6.84% 10.24% 7.75%
§) mean MERPT, opt, after 4.70% 8.29% 5.83% 6.14% 7.60% 6.54%
% MERPT based on mean IRF, opt, before 6.66% 11.84% 8.29% 7.12% 11.16% 8.57%
;'; MERPT based on mean IRF, opt, after 520%  9.85%  7.28% 6.47% 839%  7.32%
- mean MERPT, usual, before 5.78% 9.91% 6.62% 6.35% 9.58% 7.10%
% mean MERPT, usual, after 4.90% 8.17% 5.70% 5.55% 7.76% 6.38%
% MERPT based on mean IRF, usual, before 6.29% 11.39% 7.82% 6.71% 10.58%  7.94%
MERPT based on mean IRF, usual, after 5.37% 9.47% 7.13% 5.93% 8.72% 7.33%
mean MERPT, opt, before 6.58% 8.23% 5.56% 5.39% 4.36% 1.56%

mean MERPT, opt, after 6.20% 8.63% 6.51% 5.26% 4.24% 1.06%

N MERPT based on mean IRF, opt, before 7.28% 9.75% 7.01% 5.84% 5.50% 2.53%
E MERPT based on mean IRF, opt, after 6.36% 9.30% 7.06% 5.34% 4.79% 1.24%
S mean MERPT, usual, before 6.35% 8.13% 5.71% 5.08% 4.63% 1.93%
o mean MERPT, usual, after 5.74% 7.80% 5.57% 5.11% 4.93% 2.23%
MERPT based on mean IRF, usual, before  7.07% 9.66% 7.14% 5.64% 5.84% 2.92%
MERPT based on mean IRF, usual, after 6.14% 8.66% 6.04% 5.45% 5.68% 2.58%
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3aKn4yeHue

>

[lpeonoxeH mMetom pacyetoB ana BVAR wmMooenenm c€co CTPYKTYPHbIMU
pa3pbiBaMu, a Tak e 00obLleHne ans HeNMUHEeNHbIX 3aBUCUMOCTEMN.

[lpOoOEMOHCTPUPOBAHO, 4YTO TeopeTU4yeckue npodbremMbl CBA3AHHbIE C
pacnpocTtpaHeHHOU Mepon ERPT peanu3yroTcA B POCCUUCKUX [OaHHbIX.
OddekT Bo3BpaTa Kypca (naputeT nokynaTtenbHOW CroCOOHOCTW) Aaxe npu
Marion BEPOSATHOCTW, [OeraeT Takyl Mepy HectabunbHon. [lpeanoxeHa
anbTepHaTMBHasa Mepa, He obnagatollas TakKuMn HegocTaTkamu.

AdphekT nepeHoca Ha MHANALUNIO NOCHE CTPYKTYPHOro paspbiBa CHU3UIICS
1%-2% no NoYTK BCEM pacCMOTPEHHLIM MepaM adopeKkTa nepeHoca.

[TokasaTenun acpchekTa nepeHoca, And Woka obMeHHOro Kypca, 6rnmsku ans
FINHEUHbIX U HeNIMHEeNHbIX MOoaeNeN.

AcummeTpusas N HenuHenHble 3 deKkTbl LWOKOB OOMEHHOro Kypca, npw
yyeTe KOCBEHHOro BO3EeNCTBUS OKa3blBalOTCA CYLLEeCTBEHHO MeHbLle, YeM
B paMKax npeaLwecTsyowmx paodor.
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Robustness check: pure approach

T =

Line

736.6
659.8
564.7
477.5
389.6
304.2
221.1
141.2
66.9
2.5
-56.6
-85.9

regressors

691.2
565.1
423.1
287.1
161.5
41.2
-51.9
-129.3
-178.7
-216.0
-245.0
-255.5

quantile
guantile2

S77.7
359.6
156.4
0.3
-102.5
-161.2
-210.8
-202.5
-163.4
-28.3
47.5
92.3

573.4
352.1
147.0
-21.6
-136.7
-204.0
-249.5
-202.1
-80.9
-27.5
5.6
23.1

Line,
presample 36

881.4
882.9
874.8
871.0
865.1
860.9
857.4
855.3
851.9
849.0
846.4
844.8

squared
regressors,
presample 36

884.7
885.7
875.5
869.4
862.8
856.4
850.6
848.7
844.3
841.0
837.8
835.1

guantile,
presample 36

877.2
873.7
866.7
862.5
862.3
857.6
853.6
850.9
845.0
844.7
843.8
842.4

guantile2,
presample 36

879.9
880.3
869.7
864.5
860.8
856.6
853.6
851.5
848.7
846.6
845.0
843.4
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Robustness check: pure approach

mean MERPT, opt, before 6.66% 10.49% 9.91% 7.21% 6.47%
mean MERPT, opt, after 5.37% 8.98% 8.95% 5.69% 4.79%

mean MERPT, usual, before 6.21% 9.91% 9.32% 6.58% 5.83%
mean MERPT, usual, after 4.86% 8.23% 8.13% 4.88% 4.06%

mean MERPT, opt, before 5.99% 10.65% 11.49% 8.05% 7.02%
mean MERPT, opt, after 5.39% 8.58% 7.85% 6.07% 6.16%

mean MERPT, usual, before 5.53% 9.95% 10.80% 7.70% 6.95%
mean MERPT, usual, after 4.72% 7.76% 7.19% 5.37% 5.41%

mean MERPT, opt, before 6.23% 10.24% 11.25% 8.88% 7.69%
mean MERPT, opt, after 5.57% 9.39% 9.94% 7.53% 6.99%

mean MERPT, usual, before 5.86% 9.85% 10.90% 8.60% 7.40%
mean MERPT, usual, after 5.16% 8.97% 9.58% 7.29% 6.80%

mean MERPT, opt, before 6.73% 8.84% 9.25% 8.34% 8.45%
mean MERPT, opt, after 5.88% 7.16% 5.74% 5.72% 5.75%

mean MERPT, usual, before 6.06% 8.11% 8.08% 7.17% 7.28%
mean MERPT, usual, after 5.55% 7.37% 6.35% 6.87% 7.34%

i
Q.
CDE@
c ®©
:U)m
o}
S
o

regressors,
presample
36
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Robustness check: period

period -24
guantile,

period -24
guantile2,
period -24
period -36
guantile,

period -36
guantile2,
period -36

squared
regressors,

squared
regressors,

732.0 733.8 721.8 735.9 621.1 623.1 609.4 623.3
735.9 735.5 720.7 734.3 624.0 623.6 615.6 625.7
733.2 731.6 718.7 730.1 620.9 619.3 617.5 623.3
732.0 729.4 716.4 728.5 619.6 617.1 615.0 622.7
127.7 124.2 719.0 124.7 615.8 612.3 609.6 616.6
725.5 720.5 /17.3 723.9 614.1 609.3 608.9 615.0
725.3 718.8 716.8 725.3 614.6 608.3 610.3 616.1
724.9 718.8 715.6 723.5 614.5 608.3 608.5 615.6
723.7 717.0 712.7 720.2 613.6 606.9 606.4 614.4
722.0 715.2 710.6 717.6 612.1 605.1 605.6 611.4
720.3 712.9 710.8 716.2 610.7 603.2 603.3 609.4
719.2 711.3 711.8 716.1 609.7 601.6 600.3 607.8

T =
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