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Abstract.In this article, the authors focused on presenting a model for
analyzing the accumulation of assets and portfolio decisions taken under the risk of
inflation, starting from the fact that the capital market is also influenced by the
effect of price changes.

It is analyzed the possibility of expressing the model of accumulation of
assets and portfolio decisions taken under the risk of inflation, taking into account
the notions regarding the long-term structure and the real yields, aspects
regarding the time structure of the nominal yields, as well as the dynamic
expression model of this date. of inflation.

It should be borne in mind that the dynamic estimation of inflation helps to
establish the dynamics of the stock returns in the optimal final use of some factors
that we consider to have an effect on the portfolio market.

Also, we can find that some conclusions are analyzed and drawn regarding
the considerations in the allocation of assets in correlation with the inflation
horizon. In this regard, the perspective of the dynamic evolution of inflation must
be taken into account in order to determine this major influence factor under the
risk empire on the prices on the capital market.

Keywords: asset, portfolio, bond market, inflation risk, multifactorial
model, stochastic modeling, Ito equation, Wiener stochastic processes.
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1. Introduction
In this article, the authors started from the study of the model of analysis of
the accumulation of assets and the portfolio decisions that should be considered
taking into account the risk presented by the evolution of inflation.
The authors are concerned with establishing the intertemporal
accumulation model of the assets, considering that they are under the influence of
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the inflation risk. In this context, the model of intertemporal asset allocation is
analyzed in detail, as well as the set of investment opportunitiesthat must be
considered. Also, the action of the agents on the capital market is analyzed in the
context in which the effect that it can influence has to be taken into account,
determines the market under dynamic programming which is closely correlated
with the dynamic evolution of the inflation rate.

The way in which the intertemporal portfolio can be built and used in
terms of asset evolution and portfolio decisions taken under the influence of
inflation is presented. In this context, there are presented aspects regarding notions
regarding the long-term structure of real yields, but they were closely correlated
with the dynamic effect of the price increase, in other words the inflation rate.

The broad presentation of this situation analyzes the time structure of the
nominal yields using concrete data that introduced, used in the regression models
or other econometric models give the possibility of an interpretation of the way the
capital market evolves.

In other ideas, the model regarding the structure of the dynamics of
inflation becomes important, in the sense that it is a determining factor in
establishing the assets and portfolios on the capital market. In this context, we can
see that it is necessary to estimate the dynamics of inflation so that it is correlated
with the estimation of the dynamics of stock returns and finally the optimal use of
the factors considered to be able to establish those models that help to avoid the
risk of inflation or at least to determine and impose some measures to ensure
tempering and controlling the risk of inflation.

Finally, we analyze and present a series of aspects regarding the
determination of the parameters of the assets under the conditions of a given risk,
that is to say a risk for which we have established a parameter that presents its
influence. Also, some considerations are expressed regarding the allocation of
assets in correlation with the investment horizon on the capital market, taking into
account the inflation evolution perspective.

2. Literature review

Amini et al. (2010) analyzed a number of issues regarding the
predictability of stock returns. Anghelache and Anghel (2018) studied and
presented the main methods and models used in capital market analyzes.
Anghelache, Voineagu and Gheorghe (2013) highlighted the fundamental elements
regarding the measurement and analysis of inflation. Anghelache, Mitrut and
Voineagu (2013) addressed the essential aspects of macroeconomic statistics.
Campbell and Thompson (2008) focused on methods of estimating the capital
premium. Cooper (2009) studied elements of risk premiums. Ferreira and Santa-
Clara (2011), as well as Hjalmarsson (2010) analyzed methods of estimating the
return on the capital market. A similar theme is studied by Lettau and van
Nieuwerburgh (2008). Giacomini and Rossi (2010) conducted a comparative study
of forecasts in unstable environments. Hsiao and Semmler (2009) studied long-
term financial data series. Jarrow and Yildirim (2003) studied the evolution of the
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prices of securities under inflation conditions. Markowitz (2010) maintains his
point of view on portfolio theory, and Kolm et al (2014) conducted an analysis of
the evolution of portfolio theory. Markowitz (2014) addressed issues related to the
average variance. Piketty (2014) expressed his view on capital in the 21st century.
Wachter (2003) analyzed the correlation between risk aversion and long-term debt
allocation. Welch and Goyal (2008) empirically studied the performance of capital
premium forecasting. Wolff (2013) studied the relationship between asset prices
and middle-class well-being. Van Binsbergen and Koijen (2010) addressed
elements of predictive regression. Zhou (2010) studied the effectiveness of asset
pricing models.

3. Research methodology, data, results and discussions

. Analysis model of the accumulation of assets and portfolio decisions
taken under the risk of inflation

The main investment assets are debt securities, including conventional

nominal bonds, as well as inflation-indexed bonds.
The unifactorial model is suitable for the structural analysis of real bonds. The
aspect regarding the modeling of the interest rate, must contain two factors, namely
the real interest rate and the inflation rate, in order to determine the dynamics of the
prices of the nominal bonds.

The Jarrow and Yildirim model extended to a multifactorial one, will
contain the real interest rate and the estimated inflation rate as key factors. This
model includes the price variables of nominal bonds indexed to inflation. Also, this
model distinguishes the forecast inflation from the inflation realized as two
different risk factors. The forecasted inflation expresses the perspective on the
future inflation whose risk rate is determined on the market of nominal bonds.
Inflation captures the uncertainty of changing consumer prices whose risk rate is
determined on the market for inflation-indexed bonds.

The model of multifactorial structure is estimated on the basis of market
data, of nominal and indexed bonds with inflation, as well as on the stock market.
The results of the parameter estimates are subsequently used to build the optimal
investment strategy within the intertemporal framework.

We will build a multifactorial model considering the prices of nominal
bonds, but also those of inflation. The bond model incorporates a stochastic price
index and the two systematic factors (the forecast inflation rate and the real interest
rate) that determine the change in the bond markets. The model will include a
theoretical basis for solving the problem of building an investment strategy in the
conditions of price uncertainty and systematic change factors.

The extension of the continuous asset allocation framework is done taking
into account a time-varying I, price index, modeled by the deflation process,
according to the relationship:
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& = mdt + oydW/ (1)

t
where I, =1, W/} is a Wiener process, m; is the forecast inflation rate and

orepresents the standard deviation. The Wiener process is based on stochastic
characteristics, respectively Wiener [W(0)=0]; increment processW(t)-W(s), which
is independent fors<t; the increment processW(t)-W(s) is normally distributed, with
zero mean and variancet-s; W(t)is a continuous process, ie t belongs to the set of
real numbers R.A price index expresses the price for a fixed basket of goods. The
time-varying price index provides two valuation terms: the nominal value and the
actual deflated value of the goods.

e Multifactorial model for nominal and inflation-linked bonds
The study offers a multifactorial bond model. The factors that determine
the evolution of the bond markets are the real interest rate and the forecast inflation
rate. The bond model may also include a stochastic price index.

— The factors considered in the multifactorial model
We consider that the real interest rate and the predicted rate of r;inflation
are the two factors that determine the price of the nominal bond. The two factors
follow the processes of the Gaussian mean form and satisfy the relations:

dry = k,(r — r.)dt + g,.dW/ 2
and
dr, = k(7T — m,.)dt + g, AW (3)

where W/ and W are correlated with the instantaneous variation dW/dW/* =
prwdt. Both the real interest rate and the forecast inflation rate can record negative
values. Therefore we adopt the Gaussian processes instead of quadratic processes
for modeling these two factors. All bonds are assumed to be in the exponential
affine family - the Duffie-Kan family.

The relations (1), (2) and (3) are stochastic equations of the nature of the Ito
equation.

a) The factor of the nominal obligation

Let B, (1,1, t, T) (sometimes we use a short notation P,(t,T) ) if the
abbreviation does not cause confusion) denote the nominal obligation of the zero
coupon at t with the maturity date T. The payment of the nominal bond at maturity
is normalized as a monetary unit. The nominal connection relationship has the
following form:

Py gn. e, t,T) = exp[=An(T —t) = By (T — )1t — Bpp (T — )] (4)
an
P T)=1 (5)

The coefficients A, (1), B,(7)andB,,(t) will be determined by the
arbitration conditions. Due to the terminal state (5), the limit values for coefficients
are given by the equations:
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An(o) =0, Bn(O) = Qv Br_m'(o)_z 0 (6)
The nominal yield is defined to be:
_ —nPy(tT) _ Ap(T—t) | Bp(T—t) Bpr(T—t)
(6 T) = T—t o r=t T et T )
The instantaneous nominal interest rate R, is defined as the instantaneous
yield expressed by the relation:
Ry = lim Yo (6, T) (8)
If we apply this last result to the yield formula (7), it results in an equation
of the instantaneous nominal interest rate R,, which has the following form:
R; = A5 (0) + By (0)7; + By (0)7, 9)
where A’ denotes the derivative of A.

b) The bond factor indexed with inflation

Let P,(¢t, T) indicate the price IIB (zero coupon - Inflation Indexed Bonds)
at t and maturity at T.The payment at maturity is made in units of money I, so
that:

P (T, T) = Iy (10)

There is a real bond P;(t,T) = %’i’” that is corresponding P, (t, T) with its
valued price in the cargo unit. At maturity, the real bond B.(T,T) = 1 represents a
unit of goods. We assume that this is only affected by the instantaneous real
interest rate, and its price follows the dynamics given by the relationship:
Pr(rt' t, T) = exp[_Ar(T - t) - Brr(T - t)rt] (11)

The condition of the terminal (10) implies the condition of delimiting the
coefficients:
A,(0) =0, B(0) =0 (12)

The real yield is the interest rate of the real bond, defined as:

—IP(tT) A (T—t) . Bye(T—t)
%t T) = nT—t T Tt -t ¢ (13)

There is a real money account on the market, which gives the real face
value, respectively:
M;(t) = M, (D], (14)
where the money consumption account is an account with real accumulations
(records):

M, (6) = exp(f, sds) (15)

2. Intertemporal accumulation of assets at risk of inflation - model
used
e The building the model of intertemporal allocation of assets
If we use the programmed dynamic approach, we can solve the problem of
intertemporal decision. Suppose that there are identical agents, which are defined
by Vo units of capital at the nominal value at time zero and they try to maximize the
estimated final utility at time T, according to the relation:
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max__eq[U(vy)] (16)

at,tE[O,T]
If we consider the uncertainty about the price, we will introduce the term

vy, representing the real capital, adjusted to the price level v, = % The established
t

utility is a constant function of relative risk aversion (CRRA), according to the
relation:
kY

U(er) = 1t_y

where y > 0 represents the risk aversion coefficient

17)

e The systematic factors of the model regarding intertemporal
accumulation of assets at risk of inflation
We specify that the systematic factors, which determine the change of the
yield dynamics of the bonds influenced by the instantaneous real interest rate r;
and the forecast inflation rate m;. We use X, to name these factors so that the
equality of X, = (1, m,)7 is satisfied. The dynamic factors expressed in vector
form lead to the relation:

dXt == Ftdt + thWtX (18)
where the functions F and G are defined by the relations:
k.(r—r) gr O
P (G e (4 1) :
ke (2 — ) 0 gy (19)

We also have WX = (W[, W/)T and the correlation matrix, which is
synthesized in the equation:
Ryxdt = dWXdWXT (20)

e The presentation of investment opportunities
We consider that the set of investment opportunities includes five assets:
two nominal bonds with different maturities T1,T2, one 1B with maturity at Ts, the
financial nominal account and a stock. Suppose the stock price follows a geometric
progression, respectively:
dp”s S(g) = (R, + Ago5)dt + o dWS (21)
with o, > 0, a constant instantaneous standard evolution of stock returns and Ag >
0 a constant price of the market risk associated with the uncertainty W;>.
Synthesizing all the returns of the risk of the asset according to the relation (21),
we obtain the following vector form:
dP,(t,T1)/Fa(t, Ty)
dP,(t, T2) /P (8, T2)
dP (¢, T3)/P(t, T3)
dPs(t)/Py(t)
where us = Re 1+ X As

= pedt + X dWy, (22)
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_Bnr(Tl - t)gr - Bnn'(Tl - t)gn' 0 0
Zt - _Bnr(Tl - t)gr - Bnn'(Tl - t)gn' 0 0 (23)
_Brr(Tl - t)gr 0 0
0 0 os
_ 1 _ thT[
1=11) dWe= aw{
1 dws
Which lead to the final relationship:
Ao A4 0
. Tt b |10 L
Ay = Ag + Ay (nt) cwho=| 2| a=( g ¢ (24)
As 0 0

The relationship (22) is maintained as a result of the arbitration conditions
and the dynamics of the stock return (21). The four risk factors
AWl ,dW[,dw/},dw;S are correlated with the correlation matrix Ry,dt =
dw,.dw/[ . We will note this correlation matrix between W, and W/ with R,,dt =
dw,.dwy{.

e The effect of the agents' action in the market
The agents can review their investment decision a; without trading costs
for any time t € [0,T], where a; = (a;¢);=1,.4, €ach a;;, represents the proportion
of investment in the risky asset i. The sum of the investment must be balanced by
the nominal financial account M, (t), so that its ratio ag.is equal to ag; =1 —
># , ;.. Considering the decisions a, the capital evolves dynamically, according

to the relation:

av, ap;
= S 2 = Redt + af (e — Rel)dt + 5 AW 9)

where al = (¢, -, a4t ), 4y IS the expected yield vector > ,and is the volatility
matrix. In order to obtain the evolution of the real capital v, = % for the beginning
we apply the Lema inverse relation of the price index process anél obtain:

d(x)= %(—ntdt + o2dt — a;dW)) (26)

It
We apply the Lema relation again to v; =% and using the result of the
t

evolution of the nominal capital (26) we will obtain the evolution of the dynamics

of the real capital, according to the relation:
% = (Rt - Tl,-t + O-Iz)dt + az(#t - Rtl - O-I Zt Rl)dt + azzt th - UIthI(27)
t
Finally, the problem of the investment decision of the agents is to
determine the optimal path a; for t € [0,T], which maximizes the objective

function under the real budget constraint (27) and the dynamics of the factors.
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¢ Significant considerations regarding the dynamic programming
approach
Considering J(t, T, v, X;) by which we formalize the function of the value
over a subperiod [t, T], with the initial real capital given by v, and the state of the
factor X,, that is:

J T, X) = max, e U] (28)

The key result of the dynamic programming approach is the value function
that must satisfy the Hamilton-Jacobi-Bellman equation, according to the relation:
J@& T, v, Xe) = rr}lezx{](t +dt, T, Veyar Xevae)} (29)

1

0= maX{[Rt — e + of + af (4 — Rl — 07 X Rag 07) |Jyve + ‘(atT YeRaa Xt o —
201% YeRay + 07) ) vE + (af B¢ Rax G — 0y RixG) Juxve + Fl Jx +
1
> i,j=1 Git Rxx jt]Xin + a]} (30)
where Ry, dt = dWXdW[, R, dt = AW, dW{, Ry, dt = dWXdW}! and G
denotes row i in the G; matrix and represents the partially relevant derivative.

It follows that the optimal portfolio ag, s € [t,T] is independent of the
initial capital level v, because from the CRRA utility function, we deduce that the
dynamics i) , is independent of dX. This aspect is summarized in the relation:

Vs

J(t, T, v, Xp) = vl Ye=8T max e, [U (Z—:)] = vtl_y](t, T, v, X,),

ag,t<s<T
and thus we can decompose J(t, T, v¢, X;) into:
](t' T' vt'Xt) = e_StU(vT) ¢(t' T' Xt)y’ (31)
whereg(t, T, X,)Y = e (1 —y)J(t, T, 1, X,) (32)
The boundary condition is given by equality:
¢(T' T' Xt) = 1’ (33)

because J (T, T,V,, X;) = e~StU(v;) is in accordance with its definition (28).
Applying the condition for the first command a,we obtain the expression
of the optimal a; in terms J and ¢:

= (ZtRAA ZZ)_ ( L% ( U Rtl)_ Tom ZZtRAX Gt]vXUt

el ,ztRA,)=(ztRAAzt) ¢ (ut—Rt1)+ztRAxaT¢X (1-

Jowv?
— ¢ _
]‘,) o Xt RAI) = (zt) ( RAA Xt l(ﬂt - Rtl) + RA/% Yt Rax GT ;; - TVRA/}RAIO-I)
(34)
The optimal intertemporal portfolio can be broken down into: the efficient

portfolio of medium variability, the term of intertemporal coverage and the term of
covering the inflation.
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The optimal allocation of the portfolio is determined by the three
advantages presented above in the relation (34), adjusted with the possible effect of
the risks Xy RaaXr .

The first benefit is the excess yield u; — R;1. Since this portfolio takes into
account the distribution between the forecast yield and the risk only at the present

moment (ZtRAAZ?) 1, it is also called static portfolio.

The second advantage is given by the term of intertemporal hedging, with
which an investor can increase the future forecast utility, using the correlation
between a systematic beneficial factor and the asset shocks. For example, the
interest rate, if the current level of the factor increases, will increase the optimal
final utility J(¢t,T,v:, X;) in the future. The term of intertemporal coverage
highlights that the investor increases the ownership of an asset if it is positively
correlated with the profit factor.

In mathematical terms there is the relation ¢, > 0 for the profit factor. The
investor should hold more of an asset if the correlation between the asset and the
R,x factor is positive.

The third advantage corresponds to a term for hedging inflation. It can be
decided to further increase the expected future utility by protecting against price
uncertainty. Price uncertainty is represented by a variation g; equal to zero of the
price shocks. | found that in relation (34), if there is no uncertainty regarding the
price o; = 0, then there is no need for inflation coverage.

Applying the solution (34) of the HIB equation (34), we find that the HIB
equation is transformed, having the form, from the relation:

0= % ¢+ Fl g, + (ly;y GeRyaRA X¢ " (1e — Rel) — (17)2 GeRxaRzARA 101 —
1- V)GtRXIUI)T ¢x + %Z?,-:l ¢xix]-GitRXX Gﬁ +

L e b, by, Gir (RxaRRax = Re) Gl + ¢(= 2+ =L (Re = e 4+ 07) +
;% (ue = Rtl)T(Zt RAAZZ)_l(Mt —R1) + %UIZRIARL}RAI - (1;—1’)2 (e —
Rtl)T XU RiA Rasoy — 1;_]/ 012) (35)

e The analysis and resolution of the intertemporal portfolio |
We use Liu's method to solve the HIB equation (35). Brennan and Xia and
Munk et al. does not apply directly to the analyzed case. Although Liu does not
consider price uncertainty, equation (35) still falls in the retraction class of the
guadratic assets defined later, because the additional terms in equation (35) are
generated by price uncertainty.
The solution ¢(t, T, X,) satisfies the equation X, = (r,,m,)Tand is given by:

#(t, T,X;) = exp (c(r) +b(@)TX, + %XZQ(T)Xt), cut=T—t (36)
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The function Q(7) is a matrix function 2x2, there is the vector function b(t), and
2x1 is a scalar function c(t). The functions satisfy the equations:

p; _
-0 =M{Q+ QM +QhoQ + 1 H, (37)
b =MIb + Qhob + QM; + VH1+ L5, (38)
d 1 1 1 )
EC:MZTb+EbhOb+ETr(hOQ)+ﬁ 0+7V60—; (39)
with
1_

y —k, + TV ey 0 )

v 0 —ky + = L gy
" —k,T T gr(/lo UIPIr) (41)

2 —

—k,-[TL' + gr (’10 Ulpln)

H; = 2ATR;} A1 (42)
Hy = A10RA,4}A1 + 012 =21 =y)Ao; (43)
6, = (O) si 6o = —01p; (44)

The boundary conditions are given by the relations:
Q(0) =0, b(0)=0sic(0)=0 (45)
We will specify that the elasticity, with respect to the factor X, = (r,, )7,
is given by the relation:
¢ (ET.X) _
m—b(’r—t)-l'Q(T—t)X (46)
with ¢, (¢, T,X) = dd—X¢(t, T, X). The functions b and Q satisfy relations (38), (39)
and boundary conditions.
Applying the analytical solution of the factor elasticity to the portfolio
formula, we can determine the optimal portfolio in an analytical form.
The set of investment opportunities is given by the relation (21) and
(X )) g (tT.X)
% (t,X))  #tTx)
indicate the elasticity of the factor (46). The optimal allocation of the portfolio with
the three components decomposition is given by the equality:

consists of two nominal bonds, one 11B and one stock. Let (

a; =a™ +a +aP (47)
where:
a™ = 2(Z7) " RipA, (48)
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D7 (=Bun(52) 0, (5, X) + By (12) ¥5(x, X))\
I

a® = | D™ (Bun(2) (5. X) = By (12) ¥4(2, X)) (49)
0
0
and
_D_l(Bnn'(TZ)Brr(T3))
agp) = (1 — %) D_l(Bnn(‘;l)Brr(T3)) (50)
0

i B B
witht=T—¢t; 1;=T; —t, fori=123 siD = ( itz) nr(TZ))

] ) ] Bn_n(Tl)Brrr(Tz_) ) )
The considered solutions can determine the optimal portfolio in analytical
form and the set of investment opportunities.

3. Estimating the model of asset accumulation and portfolio decisions
taken under the risk of inflation
¢ The main concepts regarding the long-term structure of real yields

The first step of the estimation procedure is that of the instantaneous real
rate through the real returns of the market. Conventional data analyzed consist of
real daily yields with maturation horizons at 5, 7 and 10 years (the data for the
period 2009-2018 are processed by the authors). The time series of the real yields
are shown in Figure 1:

4% -
3% -
2% M0 3
. 7{“’&’5‘&
1% § % 7

n\';{;&
)
il

3%+
-4%J[
-5%

Figure 1. Real TIPS yields and estimated real rate during the period Jan 2009-
Jan 2018
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By implementing the Kalman filter, the equation to be observed is the real
efficiency formula, where the coefficients A,.(t) and B,,.(t) have been calculated
with measurement errors. The observation equation becomes:

Vot t+rr) =224 0y o (51)
where & expresses the measurement error which is independent and identical
normally distributed, with the zero mean and the variation of the real rate &7,
which is given by the relation:

Teon = € ¥l +7(1 — e 8) + g,u,, (52)
where the innovation term u,, follows a standard normal distribution and the

2
volatilityo, =JfTT(1—e—2krA). Because the exact solution is available, the

Kalman filter is made without any error. The results of the estimation of the
parameters are shown in table 1, and the estimated real interest rate r; is presented
in figure 1.

Table 1. The estimates of real yields and their statistics

Estimated Lstat.
k, (sensitivity) 0.5044 25.54
7 -0.0019 -1.18
gr 0.0208 47.10
Ay =g —a1pyr -0.6768 -15.17
Ocr 0.0009 67.10
k. (return) =k, Tabel 2
T 5 years % 7 years % 10 years %
Average 1.54 1.79 1.99
SD 0.61 0.46 0.35
ATT(T) (level) 1.61 1.84 2.03
BTTT(T) (sensitivity) 36.50 27.50 19.70
Gct 0.09 0.05 0.11
Ot 14.70 10.20 32.70
SD

The market price of the risk Afis extended by including a linear term A;r;.
Under these conditions, the parameter k,. determines the inversion rate of r;, while
another separate parameter, k, = A, — A, g,., which appears in B,,.(t), deals with
the sensitivity of the yield. For the real rate, k,is accepted to be identical to k,
according to the Likelihood Ratio (LR) test as shown in Table 2:

Table 2. LR test for Hy: k, = k,

No restrictions H, Hy k, =k, P-value - LR test Result

23,187.88 23,178.54 45.21% Hy: k, = k, accepted

The instantaneous real rate r, is an average recovery process with an
inversion parameter k,. = 0.5044, which corresponds to a half time of 1.4 years. It
has a negative average v = —0.19% , which is not significantly different from
zero.
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The trajectory of the estimated real rate is shown in figure 1. The real rate
was present in the negative area at the beginning, then a tendency of constant
growth follows.

From the modeling perspective, this growth is supported by a positive evolution of
the real empirical yields and the convergence of the term spread in that period.

The model formation is significant. The row %in table 1 shows that over
70% of the total variation can be explained by this model.

e Some aspects regarding the time structure of the nominal yields

The second step of the estimation procedure is to deduce the forecast
inflation rate. The required data are the yields of the nominal bonds and the real
rate estimated at the first step. The consumer price index achieved is not necessary
in this estimation, which correlates the nominal bond markets with the real ones.
The market data of the nominal yields are calculated based on the declarations of
nominal bonds in the securities market.

We obtain daily nominal yields with time until the maturity of one month,
three and six months, respectively one year, two, three, five, seven, ten and twenty

years. The nominal yields are shown in Figure 2:
6%

ox
Figure 2. The nominal bond yields and allocated funds rateduring the period
Jan 2009-Jan 2018

During this period the economy went through different stages of the
economic cycles. There was also an overheating on the mortgage market, due to an
economic decline.

The equation is based on the yield formula with the measurement error e}
resulting in:

Yr(t, t+1, T, n_t) — Ap(7) + By (T) + B (T) + E‘tl:', (53)

T T T

53
DOI: 10.24818/18423264/54.2.20.03



ConstantinAnghelache, Madalina-Gabriela Anghel, Stefan Virgil lacob

where the innovation term A,,(7), B,,-(t) and B, (t) follows a standard normal
distribution and volatility ;.

There is an identification problem in the estimate. We will perform the
estimation by settingm = 0. Next, we substitute m, with 7T estimated from the
realized inflation rate.

The iterative process begins with fixing an initial value of parameter p, ,
after which we estimate the other parameters using the maximum likelihood

method. After estimation, we make the correlation of the resulting sample, pﬁ,lr) =

[Ty¢, Tyt ], Where 11, and 1, are the residuals. We compare ﬁﬁ,or) with ﬁﬁ,lr) to

determine if they have a deviation of up to 5%, in which case the iteration process

stops. Otherwise, we expect p,, equal to ﬁﬁ,lr) and repeat the process.

Provided the estimation model is true and the maximum likelihood sample
is constant, the iteration scheme provides a consistent estimator.
The market price of the risk AF is extended to a linear term [, ;. The parameter k,,
determines the inversion speed of m,, while another separate parameter, k,, = A, +
19, Which appears in B, (t), determines the sensitivity of the output. For the
forecast inflation rate the hypothesis k, =k, is rejected according to the
Probability Ratio (LR) test presented in Table 3. The estimates are summarized in
Table 4.

Table 3. LR test for Hy: k, = k,

No restrictionsH, Hy k, =k, P-value - LR test Result
62,311.69 62,100.00 4.95x10%4 Hy: k, = k, respins
Table 4:.Estimates of nominal yields and their statistics
Estimated Estat
ke, (sensitivity) 0.7523 34.65
Jn 0.0171 81.35
ly 0.4456 2.97
& 0.0322 9.67
6; 0.0029 74.97
ke, (return) 1.7475 17.64
Prr -0.6903

T 1 month % | 3 months % | 6 months % | 1 year % 2 years %
Average 2.76 2.86 3.02 3.11 3.28
SD 1.57 1.58 1.59 147 1.25
ArT(f) (level) 3.24 3.29 3.35 3.48 3.69
Brrr(f) (sensitivity) 96.93 91.16 83.35 70.28 51.70

Gt 0.33 0.20 0.16 0.16 0.30

Ger 20.88 1241 10.31 10.70 24.30

SD
4 3 years % 5 years % 7 years % 10 years % | 20 years %
Average 3.46 3.82 4.07 4.33 4.86
SD 1.07 0.75 0.57 0.42 0.30
ATT(f) (level) 3.86 4.11 4.27 4.41 4.59
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BTTT(T) (sensitivity) 39.67 25.97 18.89 13.29 6.65
Ocr 0.35 0.29 0.26 0.24 0.44
Gt 32.92 38.57 45.65 58.30 148.08
SD

The upper area of Table 4 provides the parameter estimates from the
nominal yield formulas. The lower area provides information about the standard

deviation of the yields, the estimates for the coefficients2Zsgj Zrr(®

T§i - of the relation
(3) and the estimated mean square error.

The average return parameter k, = 1.7475 indicates that the dynamic r; is
stationary with a short half-decay of 0.4 years (approximately 5 months). The
estimated trajectory m; is shown in figure 3. The average 7 de mis taken from the
inflation rate obtained from table 5. The correlation between the estimated inflation
raterr, and the real rate r;, is negative -69.03%. According to the classic Mundell-
Tobin effect, the expected inflation is inversely proportional to the expected real
interest rate.

%

3% |

Figure 3. The nominal returns and estimated factorsduring the period Jan
2009-Jan 2018

Table 5. The results of estimates

Estimated {stat
kr 1.7479 2.03
Iz 0.0000 0.00
T 0.0336 5.63
oy 0.0141 12.45

The sensitivity parameter in figure 4 k, = 0.7523 indicates a low
sensitivity of the yield of the nominal bonds for the forecast inflation, as shown in
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row B"T(T)of table 4. Similar to the real yields, the yield differences of nominal

bonds began to converge after a period of time. This convergent period is
accompanied by a high level of the real interest rate.

The model constitution is reasonable as shown on row % of table 4. Errors

are below 30% for bond yields up to three years and around 50% for those with a
maturity up to decade. The yield on 20-year bonds has a high ratio, as it has very
little variation.

As a validation check of the model estimate, we compare the instantaneous
nominal interest rate based on the estimation results and the corresponding market
interest rates. The comparison is shown in Figure 4, where we found that the
solution is satisfactory only up to a certain point.

6%
5% |

4% -

3% 4

2’61

1%-l 4
[
Figure 4. The national fund rate and the instant estimated rateduring the
period Jan 2009-Jan 2018

Due to the mentioned extension, we cannot directly apply the solution
methods to this case and we adopt the Liu type solution method, which can solve
the allocation of assets for a rather dynamic class of them.

The main investment assets are debt securities, including conventional
nominal bonds, as well as inflation-indexed bonds. Jarrow and Yildirim propose a
clear way to price these two bonds in a single model that satisfies the constraint
without arbitrage. They adopt the “exchange rate” view in which the nominal
obligations in the “nominal world”, those in the “real world” are correlated with the
price index, given by a “exchange rate”.

4. Conclusions

This article emphasizes that the capital market must be analyzed taking
into account the inflation rate factor that has a special effect on the analysis of
portfolios, the accumulation of assets, the decisions of portfolios taken on the
market taking into account the risk of inflation.

Most of the issues that have been analyzed by the authors are modeled
using some statistical-econometric methods, based on which to establish the
possibility of interpreting and analyzing the multiple aspects that indicate
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accumulation of assets and taking portfolio decisions in the context of the inflation
rate.

The study performed theoretically expresses the analysis method to be
interpreted and these are brought and formulated as statistical-econometric models
expressed by mathematical relationships based on which the parameters can be
calculated and the evolution of the capital market can be identified under the risk of
inflation.

However, macroeconomic data are expressed in real terms, in the sense
that they are deflated, that is, they are brought to the actual figures that exist under
the influence of the factors we consider. These statistical-econometric relations are
also analyzed in the light of the use of data based on which evolution trends are
expressed, such as the federal fund rate and the instant estimated rate, the nominal
returns and the estimated factors that have been analyzed and so on.

In order to facilitate the understanding of how statistical and econometric
methods and models can be used in the analysis of the capital market under the
influence of inflation risk, we have presented a series of data in the form of series
and also made a graphical representation of these developments in order to identify
more easily how this data is required.

A final conclusion is that the risk of inflation is a very important factor,
which must be taken into account in the analyses carried out in relation to the
dynamic evolving capital market.
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