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Motivation

Ruble / dual-currency basket exchanae rate
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Motivation

3-month ‘excess’ inflows into households’ foreign currency deposits
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Motivation

Time-varying sensitivity of changes in households’ deposits dollarization to ruble
depreciation rate (x 2 standard errors)
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Based on Westerhoff (2009) and Franke and Westerhoff (2012)

Fundamentalists’ strategy:

d{ = p(er—1 — €t—1)
Chartists’ strategy:

di = x(et—1 —er—3)
Strategies’ fit : ' ' | '
rategies Tiness wl =nw/_, + (e;-1 —ec2)dl_y; j={f,c}

Fundamentalists’ share: Foenl
Sfy = (1 + exp(—ﬁ(wt —Wt))

e — log of exchange rate exchange
e* — moving average log of exchange rate exchange

exchange rate depreciation and gap are standardized, ¢ = y =1, n=1, =100
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The concept

Fundamentalists’ share
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 Frequency: 5-day

 Time Period:
« Train sample: 20.03.2002 — 30.01.2010
« Testsample: 05.02.2010 — 20.01.2019

e Data:

E, FD,_,
FDt - FDt—l X Et_l - TDt_l

I'Dy_q '
E
AD, = ARD; + FD; = FDe_y X — .
t—1
TD, — total households deposits, FD; — ruble value of households deposits

denominated in foreign currency, RD; — households deposits denominated in rubles,
E; — ruble/USD exchange rate value.

x AD,
ddt —

« e¢; —Lognominal exchange rate USD/RUB
- 2% — Qil price inflation
 s5; — News sentiment index
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« Based on LDA text analysis of news, associated with REUELIE Pearson’s

‘Currency’ and ‘Exchange rate dynamics’ correlation [P-
« The higher the index, the ‘better’ are news => sentiment is Value]
higher Exchange Rate  -0.195 *** [0.001]
Log Exchange -0.216 *** [0.001]
5 Rate

Diff Log -0.071 *** [0.009]
Exchange Rate

0.039*"py6nb" + 0.023*"kypc" + 0.023*"cTtaBka" +
0.022*"pbiHOK" + 0.020*"Bantota" + 0.019*"gonnap" +
0.016*"BantoTHbI" + 0.015*"u6" + 0.013*"eBpo" +

-15 0.009*"Hepeng" + 0.009*"aeHb" + 0.007*"nNyHKT" +
0.007*"py6nesbin" + 0.005*"rogoson” + 0.005*"cHmxkaTbes" +
20 0.005*'gppc" + 0.005*"BbIpacTtat" + 0.005*"geBanbBauna” +

0.005*"'HepTb" + 0.004*"nageHune" + 0.004*"ypoBeHb" +
0.004*"'ueHTpobaHk" + 0.004*'npoMmcBA3bOaHK" +

2 0.004*'domHanc" + 0.004*"Bknag" + 0.004*"nweHko" +
0.004*"nogopoxatb" + 0.004*"nHgekc" + 0.004*"koHew" +
P ayagoossssssecerreeRgsgoogaNynnn s soyneeerrane  0-008™nocneaHui” + 0.003"nokynka" + 0.003" nonewesers”
SSSSSSSSSSSSSRSSSSSRSSSSRESRRE888388888R8888888R 0.003%yniokaes® + 0.003™Hauano” + 0.003"kona" +
EECEESEEN8E0I8Y82E82EES85038038:583:5538558088588  0.003"aHanuTuk’ + 0.003" cHikerme" + 0.003*"ykpennenue”
QLS8 ER0SERESERSEERNSERESELSE83RUSSELE232288383848 + 0.003*"poccuiickun” + 0.003*"nocne" + 0.003*"onepauyus” +

0.003*"cwa" + 0.003*"goxogHocTtb" + 0.003*"25" +
0.003*"'npoueHTHbIN" + 0.003*"ocnabnexue" + ...
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« Fundamentalists’ dollarization strategy:
l
df =al +p(ef —e,) + Z(bown{?‘] + b;entjst i)+ vtf
v/ ~ N(0,07)

« Chartists’ dollarization strategy:

l
dt =a‘ +X(et_et 1)+z(bml]ﬂl?l] +bsent]St ])+vt

Y (0,0)
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« Strategy’s fitness:

Wt] = 77Wi]_1 + (1 —n)(e—q — et—z)d{g_li j=1f,c}

09<n<1
w§ = wy

ar = (W[_Wtc)

» Alternative specification with “herding”

ar = (Wtf — Wtc) + Pherd (Wz,f—1 — Wtc—l)

sfr = (1 + exp(—=Ba,)) ™!
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 Thereis a share of fundamentalists in the economy sf;. Hence, the total dollarization
In the economy Is defined as:

de = Sftd;{c + (1 —sfd;

« We fit the 5-day change in dollarization:
dd; = Czt — Czt—Sd
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Estimation method:

Khabibullin and Seleznev (2020)

Stochastic Gradient Variational Bayes and
Normalizing Flows for Estimating
Macroeconomic Models
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real-time fundamentalists share estimates

Results

@ Bank of Russia
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Results: real-time fundamentalists share estimates (HERD)
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@ e Benchmark models: models with changes in regime -

We compare our model with commonly used econometric models with regime
shifts:

1. TVP

2. Markov-switching

3. Threshold (naive recursive share as a threshold variable)

4. Smoothed-transition (naive recursive share as a transition variable)
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Forecast
TVP AR | TVARE | TVARSW | LSTARE | LSTARSF | MSBVAR m BEH HERD

1 R 1.078 1.088 1.409 1.532 1.028 1.116 1.088
1.151 1.081 1.131 1.285 1.470 1.094 1.119 1.043
1.144 0.995 1.015 1.478 1.318 0.950 1.054 1.034
1.187 0.995 1.059 1.229 1.417 0.968 1.003 1.012
1.188 1.018 1.053 1.231 1.307 0.989 1.067 1.021
- 6 [EEPES 0.990 1.016 1.187 1.200 0.959 0.983 0.980
1.240 0.970 1.014 1.175 1.265 0.942 0.968 0.983
B o 0.961 1.002 1.121 1.230 0.969 0.961 0.980
B 0.971 0.985 1.254 1.133 0.961 0.927 0.976
1.311 0.974 0.989 1.050 1.237 0.961 0.907 0.968
1.296 0.981 0.992 1.026 1.089 0.982 0.925 0.967
1.347 0.981 0.974 0.980 1.018 1.023 0.884 0.945




Relative Recursive RMSE (forecast horizon = 3) -
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Relative Recursive RMSE (forecast horizon = 6) 18 /o1
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Relative Recursive RMSE (forecast horizon = 12) o)1
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« The concept of chartists vs. fundamentalists behavioral model appears to be applicable
to the developments of dollarization in Russia

* The estimates of population shares are informative and economically interpretable. The
Increase in the volatility if followed by the increase in the share of fundamentalists. This

property reveals the time-varying nature of links between dollarization and exchange
rate dynamics.

« The model can be applied in practice for real-time forecasting









Model estimation: Variational Bayes with Normalizing Flows
@ Bank of Russia 23 /36

To estimate model parameters and hidden states, we use novel Variational Bayes with
Normalizing Flows method.

Aim: Choose an approximate function g(-) for model parameters and the vector of prior
hyperparameters ¢ to maximize the Evidence Lower Bound (ELBO):

3 p(y,0lx, )
logp(ylx, ) = log 70 (® qy(0)d0 | = | (logp(y, 0lx, ¢) —log qy,(6))qy (6)d6
= L(q, ¢)
L(q,¢) = logp(ylx, ) — KL(q(®)|Ip(Oly, x, 9)) = 27
where KL(f(0)||lg(8)) — Kullback—Leibler divergence, logp(y|x,9¢) — marginal

likelihood, yp — parameters of the approximate density
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Mean field (MF) approximation using independent Gaussian approximate densities is the
standard VB procedure (Blei et al, 2017):

0y (0) = qy, (01)qy,(0%) ... qy, (6°)
Gy, (0)~pg + 04N(©0,1), d=1,..,D

or. ql/)(g) NN(H_J V_G)

However, this technique is prompt to the issue of poor choice of the approximate
density family.



) Bank of Russia Mean Field Approximation

Poor choice of the approximate density family.

For instance, in the simplest case of multivariate normal distribution (Blei, et al, 2017).

Independent MF-VB usually incorrectly estimates the posterior distribution moments of
order >1:

Exact Posterior
Mean-field Approximation
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* To handle this problem we use the following parameter transformation:

e

Ok = gy(e) = ftli{x (fl/JK 1 ( (f‘;l(e)) ))'

where fl;fk — transformation function for the k-th step of transformation.

In the ML literature there are several types of such transformations. Following (Kingma,
Welling, 2018), we used Sylvester NF (Berg, et al, 2018) as one of the most flexible:

flllfk (z) =z+4+ Ah(Bz + b)

where A,B and b areDXM, MXD un MX1 matrices, h(-) — activation function
(we used tanh(-)). Hence, approximate density parameters are:

Yr =1{A, B, b}
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To Iillustrate the performance of SGVB-NF let us assume the
following experiment (similar to Kingma, Welling, 2018). Suppose
that the true posterior is of the form:

True posterior density VB-MF approximation
10

| — )
| —

05 WHBADSHIDHALHDEB06BETN HDBEDNE

02

0o



© Bk of Russia Normalizing Flows (NF)
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SGVB-NF gains more accurate approximation. Here we used

K = 50 sequential transformations.

True posterior density

—

| —

05 WHEDH5DHNH0HBE06TN HE0ENE

10

0o

SGVB-NF approximation
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SGVB-NF gains more accurate approximation. Here we used K = 50 sequential transformations.

k=10




