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Abstract

This paper develops a stochastic dynamic general equilibrium model to as-
sess the impact of Real Estate Investment Trust (REIT) in the growth rate of
the real estate sector through direct investment in infrastructure. Based on
the theoretical relationships that the model provides we show empirical evi-
dence, through a quantile econometric analysis of time series, of the positive
impact of the REITs in the construction sector. The growth in the construction
sector comes from the demand for real estate by those trusts, which would
lead to a price increase, promoting gross fixed capital formation, and increa-
sing the value of output in the construction industry.
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Puede el mercado de valores impulsar el crecimiento
economico? evidencia del fideicomiso
de inversion inmobiliaria de México (FIBRA)

Resumen

Este trabajo desarrolla un modelo estocéstico y dindmico de equilibrio gene-
ral util para evaluar el impacto que tienen los Fideicomisos de Inversiéon en
Bienes Raices (FIBRASs) en el crecimiento del sector inmobiliario a través de
la inversion directa en infraestructura. Con base en las relaciones tedricas que
provee el modelo propuesto se muestra evidencia empirica, a través de un
analisis econométrico quantilico de series de tiempo, del impacto positivo de
las FIBRAs en el sector de la construccion. Esto se debe al crecimiento de la
demanda de bienes inmuebles por parte de los fideicomisos, lo que conduce
a un aumento de precios promoviendo la formacion bruta de capital fijo e
incrementando el valor de la produccién en la industria de la construccion.

Palabras clave: fideicomiso de inversion en bienes raices, mercados de inmue-
bles, mercados financieros, equilibrio general.
Clasificacion JEL: R33, D53, C02.

1. Introduction

There is a robust and studied link between the construction and the growth
of the Gross Domestic Product (GDP), works as those published by (Chiang,
Tao, & Wong, 2015), (Ngowi, Pienaar, Talukhaba, & Mbachu, 2005) or (Do-
naubauer, Meyer, & Nunnenkamp, 2016) give empirical evidence of their im-
portance and its linked externalities such as the rise of the demand on related
industries or places where the construction is placed. Mexico is not the excep-
tion for this link, notwithstanding the severe affectation of the construction
sector (public or private) during the economic world crisis in 2008-2009, and
the slow recovery, the ties between the construction sector and the GDP re-
mained. The empirical evidence provided by (Lozano Montero, Godinez Lo6-
pez, & Albor Guzman, 2018) or (Connolly, 2018) shows that the relationship
remains present even at the worst part of an economic recession and fructifies
on the expansive part of the business cycle.

In the aftermath of the subprime crises (2011), the Mexican Stock Exchange
launched its first publicly traded Real Estate Trust Certificates (REIT UNO,
2018), the Mexican equivalent of the Real Estate Investment Trust (REIT) with
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the intention of revitalizing the Mexican construction sector. The main idea of
this legal figure is to provide liquidity to the real estate market and associated
to that liquidity, promote the investment and growth of that economic activi-
ty, for more details see (Cruz Garcia, 2018), (Washburn, 2013) or (Poo Rubio &
Rocha Chiu, 2018). There is some empirical evidence like those presented by
(Virani & Kaur, 2015), (Reddy & Wong, 2016) or (Bai & Zhu, 2017) that shows
the effect of this instrument on the liquidity of the market and its dependence
of common market factors such as the interest rates and the risk premium. On
the other hand, authors as (Dick, Rafferty, Toner, & Wright, 2017), (Nasieku
& Wanyonyi, 2016) or (Wang, Cohen, & Glascock, 2018) show that the REITs
influence the real estate industry, and through them, they affect other actual
economic activities and variables. As the reader may see, the REITs are tax
transparent and supposedly liquid financial instruments that may affect the
real part of the economy through the size of its investments and its externali-
ties. All the previous mentioned characteristics imply that an integral study of
these instruments may include the government influence on it, the portfolio
decision of a rational consumer that has access to a broad and complete finan-
cial market that incorporates nonrisky assets and risky assets related to the
real economy. Papers as (Le Blanc & Lagarenne, 2004), (Edelstein & Magin,
2013) or (Booth, 2002) made some analysis on theoretical models that cover
some of this issues but do not explicitly take account for all of them at the
same time.

The inclusion of REITs in an investment portfolio is not as simple as it may
appear at first sight. The REITs are conceptualized in several ways; the most
common is as a structured instrument that includes a risky bond (the rents
have default risk and a recovery rate) and small capital stock (the buildings
can have a capital gain) or a real option. The value of the capital gain and the
expected present value of the rents is supposedly reflected by the Net Assets
Value (NAV) as on a small-cap stock but without its liquidity problems. A
more in-depth insight into the several forms to assess a REIT is in (Dubreui-
lle, Cherif, & Bellalah, 2016), (Krewson-Kelly & Thomas, 2016) or (Cruz-Aké,
Garcia-Ruiz, & Venegas-Martinez, 2016).

The purpose of this paper is to study if the inclusion of this tax transparent
investment vehicle has influenced the Mexican construction sector using a
theoretical and econometric analysis. The theoretical analysis (Dynamic Ge-
neral Stochastic Equilibrium Model, DGSEM) seeks to obtain empirical evi-
dence on the influence of macroeconomic variables such as the interest rate,
the risk premium, the cost of capital in the real economy and the role of the
government. This paper is organized as follows, in section two we develop
a Dynamic General Stochastic Equilibrium Model (DGSEM) to explain the
effect of the REITs on the construction sector. In section three, we present an
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econometric analysis to provide empirical evidence to back our theoretical model
that considers the effect of the possible extreme market values of REITS. Finally,
in section four, we offer conclusions, limitations and some future research.

2. Dynamic general stochastic equilibrium model

In this section, we develop a Dynamic General Stochastic Equilibrium Model
(DGSEM) to assess the impact of the inclusion of a REIT in a rational consu-
mer environment where the consumer — investor have access to a REIT cer-
tificate, a capital risky asset and a government credit risk-free bond. In our
model, there are two kinds of rational producers: one produces goods and the
other real estate. The model allows determining, in a general stochastic equi-
librium model, the optimal proportion that the rational consumer — investor
will invest in REITs certificates. This paper assumes that the economy produ-
ces a general consumption good and the representative firm participates in
the building sector. On the consumer - investor budget constraint, we include
the yields of the construction sector. Our paper considers random innovations
(diffusion process) to model the daily fluctuations of the REITs certificates.

2.1 Assumptions and economy features

We suppose that the economy is populated by identical endless life agents,
this can is equivalent to saying that the family heads are interested not only in
their satisfaction but the wellness of all his future generations, so his planning
horizon is infinite. Theoretically, this assumption is an extreme application of
the intergenerational altruism. For more details on this concept, the interested
reader may see (Bernheim, 1989), (Galperti & Strulovici, 2017) or (Kotlikoff,
2016). All our economic agents have the same preferences and endowments,
for that reason, it is possible to take a representative agent. We also assume
that the agents are economically rational and they have a von Neumann-—
Morgenstern type utility function with the consumption as a single argument.
The individual has a relative risk aversion given by the constant g. We also
assume that the consumer discounts his consumption along the time using a
rate of 9, this number is a representation of the consumer’s anxiety for present
consumption. The functional form of the agent’s total discounted utility is:

oocl—B -1
Uy = E, f L eitge (1)
0
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Individ-ual wealth comes through four sources: a government bond (free
of credit risk), B, the value of the capital used to produce a generic product
different from the real estate, K , a risky bond perpetual bond representing the
rents related to the real estate, B, and an option, P, whose underlying asset
is the risky bond.

The idea of separating the real estate value into a risky perpetual bond, B,
and an option, P, comes from the concepts of usufruct' and naked ownership*
respectively. The tenants may use the real estate as long as they pay rent and
their contract remains in force, this means that a default on the lease or an
empty property will result in a loss of value of the risky bond. In the same
way, the owner may sell the whole real estate and its associated contracts,
obtaining a capital gain, if its market price is higher than the expected present
value of the property’s rents represented by the bond, B,. As the reader may
see, the valuation of the bond is the usufruct’s market price, and the option is
the contingent capital gain if the owner decides to sell at the market’s price.
By summing those values (a structured note), the valuer will get the Net Asset
Value, NAV,” of the property. The structured note approach for the NAV va-
lue, the sum of the risky bond value and its option, is used to capture the real
value of that part of the consumer’s wealth, this is:

a, = Bl, + K, + B, + P, 2)

Taking the total derivative of the last equation to get a motion expression
for the consumer’s wealth we get:*

da, = a;[Ng; dRp + Ny dRy + Ny dRp + N, dR, | — ¢,(1 + 7.)dt — dr, 3)

where N, _j—t represents the portion of the wealth invested in the j-th asset
at the time £ In the same way dR, represents the instant return of each of the
portfolios assets. Trying to make a more realistic modelling, we include the
motion equation of an ad valorem tax over the wealth, dz,=r a,d + 0 a dW_,
and a similar motion equation for the ad valorem tax on consumption, z , this is an
effort similar to those in (Pereira & Shoven, 1988), (Banerjee & Basu, 2015) or (Pa-
pageorgiou, 2014). In both cases, the random variable d/¥, is a standard brownian
motion; for more details see (Mikosch, 1988) or (Karatzas & Shreve, 2012).

! The right of a person to use the goods of another and enjoy their benefits, with the obligation of conserving
them and taking care of them as if they were their own.

? Naked owners are the owners of the property subject to the usufructuary’s rights.

* The Net Asset Value is the actual market value of the real estate portfolio in a REIT, it captures the capital
gain of the property and the present value of the expected rents.

* See, for instance, Venegas-Martinez (2008), (2006) and (2001).
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2.2 Necessary condition to the consumer’s problem

Consider the functional that represents the expected present value of the
“representative rational consumer’s utility”, this funcional is the objective
function of the stochastic dynamic problem faced by the consumers when
their income is randomly determined by the yields of their investments, this
problem is the classical example of a stochastic optimization problem in con-
tinuous time, for more details see (Chang, 2004) or (Yong & Zhou, 1999). The
fact of using an isoelastic® utility function is not significative to the maximi-
zation problem as long as it covers the economic and formal requirements of
being a growing at decreasing rates function.® Provided with the fact that the
candidate for the solution of the optimization problem takes the form of the
objective function, our problem is:

0 C1—9 -1
J(as, t) = E, [f ———— e %ds (4)
, 1-6
where, as before, ¢, is the consumption at the instant 7 0 is the consumer’s
risk aversion parameter and 6 is the subjective consumer’s discount rate. By
applying the recursivity principle, the mean value theorem for an integral and
the Frechét differential to the second term, we got:

c}_e

1-06

J(a,, t) = max,, E, [ e %t dt + o(dt) +J(a, t) + dj(a;, t) + o(dt) 5)
Simplifying, applying the It0’s lemma, taking the expectations and dividing
by dt we obtain the Hamilton —Jacobi-Bellman equation. This last expression
is the necessary condition to achieve the optimum of the stochastic dynamic
problem

it -1 a] dJ 10%

0=—-e % +—+—pa,+-—

2 2
1-6 ot " da, %a, 0t ©)

The candidate to solve the last equation, J(a.,t) = V(a,)e™, so that:

¢t ? -1 , 1,
0= ﬁe“ss —8V(a)e % +V'(a)e %y a, + EV (a)e %0 a?, )

® The isoelastic function is a generalization of the hyperbolic absolute risk aversion.
¢ If this requirement is not accomplished, the integral is not defined.
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We will use this condition to attain the general equilibrium. To continue
setting the model, we need to develop dynamic stochastic equations to all the
richness source in the economy.

2.3 Interest rate dynamics

To set the general equilibrium model is essential to determine a term structure
that allows the rational agent to allocate resources a long time to stabilize his
consumption. With the intention of providing the model of a simple but theo-
retically sound term structure, we propose that, in this economy, that the real
interest rate (obtained by discounting the inflation rate) follows a diffusion
process with a constant variance of the form:

dr, = u(r,, t)dt + o(ry, t)dW,, (8)

where u (r ,t) is the drift associated to the short interest rate and o(r,, 1) is a
function that drives the short run volatility in the interest rate. This framework
is compatible with any mean reversion interest rate model as long as it keeps
a constant variance, v.g. (Merton, 1973), (Vasicek, 1977) or (Kalotay, Williams,
& Fabozzi, 1993). To keep the exercise as simple as possible, consider a zero
coupon bond that pays, at maturity, a single monetary unit. By using this as-
sumption, we can get the value of the bond, this is:

B(t,T) = eREDT-D 9)

To make the calculations to obtain the forward rate, we consider a single mo-
netary unit of investment, continuously capitalizable interest rate, on a period
of (t, T). The last assumption takes into an expression of the interest rate as an
average of the continuous forward rates, this is:

I(t,T) = eREDT=1) (10)
where

1 T
R(t,T) = ﬁf f(t, s)ds

To make explicit the form of the term structure, we propose the use of a (Va-
sicek, 1977) model.

R(t, T :L ' r, —b)e 267D 4 plds (11)
N =7=] (=0 ]
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D(tT)r. A(tT)

After solv_1 7g the last integral, we obtam Rt T) = — , where
D(T) = g —e™ 2 and A(,T) =—-b(T —t) +2 (1 —e72@9), This sets the interest
rate path of a (Vasicek, 1977) mean reversion model. We emphasize that the
small chance of getting a negative real interest rate to be consistent with the
reality of the financial markets when the central banks decide to rise the short-
run interest rate and the old bonds were issued with fixed coupon rates or
when there is a sudden inflation upsurge.

2.4 The yield of the different assets on the financial market
2.4.1 The real yield of a credit risk-free bond

At this point in the paper, we will make explicit the yield of each of the assets
that may be part of the “rational consumer’s” portfolios. In the first place, we
will stipulate the real return of a Credit risk-free bond, this is.

dBl,

= 12
Blt Tldt ( )

dRp, =

2.4.2 The real yield of a credit risky bond

With the idea of being congruent with the rest of the model, we propose that
the yield of the risky credit bond should be determined with a (Vasicek, 1977)
short rate model, this is

dr, = a.(b, — r,)dt + 0, AW, ,, (13)

where a is the adjustment speed to the long run rate, b. This assumption yield
to a bond’s price of the form

B = [, 0) = ehr (DD (14)

Applying the Itd’s lemma to calculate the correspondent stochastic integrodi-
fferential equation, we get

0A,

D2 15
3 Tt atlBt DBy [ay(by = 1)] + 5 D."B.0yy }dt—D B.o, dW,,, (1)

a5, = ([

By solving this differential equation, we get a similar set of components
for the dynamic of the risky bond rate. In this case, it is important to stress
that although the risky and the riskless term structures have the same form
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(they may not be parallel curves), the risky term structure is always above the
government one because of the non-zero default risk. The default risk part of
this interest rate usually creates different parameters for the Vasicek model.
The a (speed of convergence to the long run rate) and b (long-run rate) para-
meters are different and usually create divergent curves. As before, we get

1—e % (T-1)

Dr - (16)

ar
_ Ort 2Dr2 .T)

1 2 1 2
Ay =?[DT(T_t)_T+t] (ar br_Eo-rt ) 4a,

(17)

After calculating the corresponding partial derivatives on (19), we obtain
the yield of the risky bond, this is

dB
dRp = B—t = r,dt — o5, dW,,, (18)

t

where gg, = 0,,D,

2.4.3 Return on capital
The capital yield follows a stochastic process of the form
de = det + oy de,t (19)

where dW,  is a standardized brownian motion.

2.4.4 Return on the NAV's option

At last, we propose a functional form for the NAV’s yield. In this case, we
stress the unique nature of this asset under the paper’s assumptions context.
In this model, the NAV’s option models the capital gain on the REIT’s asset
(the building), this means that we have a sell option on the building capital (k)
that is attached to the risky bond that represents the rent’s cash flow.

This put option (the REIT has the right, but it is not bound to sell) will be
exercised if the building’s market value is higher than the net present value of all
the expected rents. By now, we postulate that the diffusion process of the NAV is
given by:

dRp = Tpdt — Op dWP,t (20)

9
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2.5 The consumption optimization problem

With all the previous work in hand, we can follow the standard procedure
to solve the stochastic optimization problem. To do so, we substitute all de
asset’s yields into the richness equation, this is

da;
a— = ,Llatdt + O_atdWat,t (21)
t
where .
Mg = N1y + N1y + N1y + Npy1p — a—t(l +1) -1 (22)
t
04, = Nyoy, AWy, — Npog, dW,, , — N,yop dWp , — o, dW, (23)

Consider the Hamilton-Jacobi-Bellman as the optimum of the previously
stated consumer’s problem

1-6 2
B -1 ] a] 19y , aJ o4
0 = max,, E [ —5 e e+ o(dt) + (at + B Ha + 5507000 |dt + oa, 0,0, dW,, | (24)

By using the typical candidate j(q,,t) = v(q,)e% = [%] e-t, and substitu-
ting it and its derivatives into the HJB, we get: -

¢’ -1 @’ -1 1-6 i
= 10 -6 -0 +a; [NBlrl+Nkrk+NBrt+NprP_a_t(1+TC)_rT]

0
— Eatl“’ [Ny} 2 = 2Ny Ngog g, — 2Ny N, 0 p — 2Ny 0k » + Ny’ op? (25)

+ ZNBNPO-B,P + ZNBO-B,‘L' + NPZUPZ + ZNPO'p'T + 0-1_2]
+ ®[1 — N + Ny + Nz + N, |

We proceed to obtain the gradient vector, this is

1
oH 1 (1+71.) [ 1 ]E
= — = — = = Ct = |7/ a (26)
dc; ctg af t 1+ t
oH )
0 =m=7‘k —H[Nkak _NBGK,B _NPO-K,P —O'K’T]—CD (27)
0H
= —= 1-6, _ 28
0 Ny a;'n—®@ (28)
0H
0 ZaTzrt _9[_NkGK,B +NBO'BZ +Npo-B,P +GB,T] -0 (29)
B
0H
0 ZaT:rp _9[_NkUK,P +NBGB,P +Np0'p2 +O'p’-[] - (30)
p
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To get the optimal investment paths, we solved the linear problem and
obtained multiple solutions. Those various solutions mean that, at the opti-
mum, all the risk premiums regarding risk must be the same and therefore
the consumer is indifferent between them. The optimization conclude that the
inclusion of a REIT in the consumer’s portfolio does not drive him away from
the optimal path. So we can infer that there may be an asset combination that
will generate optimal paths for wealth and consumption because the consu-
mer is taking into account all the assets considering their risk. The planning
horizon is not an issue in this case because of the intergenerational altruism.
The inclusion of a different planning horizon may induce different results;
those will be analyzed in other paper.

2.6. Goods and real estate producers

For the production side of the model, we suppose that a single consumption
good is produced and that the yield of each share (capital stocks, k) is deter-
mined by the production function and the dividend policy of the industry. On
(Turnovsky, 1993) the author considers that the production of the consump-
tion goods follows a stochastic process

dy, = ykt,cdt + ykt,cay dWy,t (31)

where y is the expected average of the marginal return on capital. In a similar
manner, the yield that a firm pays for the capital is defined by

dv, du;

dRy. =(1-71,) (32)

kt,c U
in this case, dv, is the average change in dividends and du, is the average mar-
ginal change in share’s price. Under this assumptions, the firm pays capital
gains depending on the net dividends (after taxes) and the changes on share’s
prices.

In the sake of simplicity, let us say that at time ¢, the number of floating
shares is constant and denoted by N, this is k,. =Nu,, so we have:

dk, . = Ndu; + u,dN (33)

The previous equations explain that the firm’s equity is represented by the
stock’s price multiplied by the number of outstanding shares. Assuming the
number of outstanding shares as constant, a change in the value of the equity
comes from a shift in the share’s price. On the other hand, the net product of

11
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the firm (taking away the taxes) is used to pay dividends to shareholders or
reinvesting on equity

(1 - Tic)dyt,c = d”t + dkt,c (34)
Provided with N = uL: we can plug this definition on the change of the equity’s
value (32) and then get:
dkeye = £ du, (35)
Ut

By substituting the change of the equity’s value (34) on the yield of the stock
price, u,, we get the ¢ hange of the stock price as a function of the dividend
paid by the firm, v, the equity invested, k,, and the tax structure, 7, over the
production, Vyor this is:

du 1—1;.)dy,. — dv

aue _ ( Ve, ¢ (36)

U kt,c

Now, we add the share’s price movement into the equity yield, R, equation

e, dve (1 -7 )dyee (37)
Kec ke

Under the last assumption, we suppose that the dividends, v, are a constant

proportion of the net income, y,, thus dv,=a(1-7,) dy, . By substituting the di-

vidends, v, equation into the yield equation (36) we get.

de,C =

dye.c
dRy. = (1—aty)1 —14) ky—t (38)
t,c

If we take the product’s dynamic equation and plug it into the last equation
(marginal return of capital), we get a stochastic dynamic expression for the
capital return, this expression includes the income tax, the dividends and ca-
pital gains.

dRy. = (1 — ary)(l — T )Vke e, dt + (1 - ary)(l - Ti)vkeoy, AW, . (39)

Taking into account the capital’s yield original form we can observe that it has
the same structure as any stochastic differential equation, this is a determinis-
tic trend and a stochastic part

de,C = Tk‘cdt + O'k,C de,C,t (40)

Where Tke = (1 - ‘[y) (1 - Tic)ykt,c and Gk,chk,t = (1 - Ty) (1 - Tic)ykt,cay dWy,c,t .

12
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An identical analysis was practiced to the real estate sector; the resultant
stochastic differential equation has the same structure and components that
the one for the capital yields (equation 42), this is dRy; = 7dt + 0y dWiz.

2.7. Government’s budget restriction

In this part of the paper, we introduce the government’s role and behavior
in the economy. In the sake of simplicity, we assume that the government
gets its money through the solely means: tax revenue and debt emission
as in (Venegas-Martinez & Polanco-Gaytan, 2011), those assumptions are
resumed in

dg - dTl - de + Blt dRBl = dBlt (41)

where dg is the marginal change in the public expense, dz, is the marginal
change in the tax revenue on consumption and dz, is the marginal change
on tax revenue on firm’s activity. We model the marginal change on the
public expense as a diffusion process. However, this public expense should
represent a fixed part of the gross domestic product, because of that, we can
express it as

dg = gvk.dt + yk,o, dW,, (42)

Equation 41 postulate that g is a constant fraction of the expected average
marginal product that is dedicated to the public expense. In the other hand,
we define the tax side of the problem. The consumers faces taxes on earned
interest, on consumption, on wealth and on capital gains

dt, = ity Nga.dt + at, (1 — ;. )vk [dt + o, AW, | + ra.dt + o,a,dW, + T .dt (43)
It is essential to specify that there are two kinds of firms; thus two types of
corporate taxpayers; some of them pay taxes on goods production, z, , and

the rest of the firms pay taxes on the real estate production, z,, this can be
written as:

dt, = Ticvkedt + 1icvkeoy AWye, + Tivkedt + 1ivkeo, AWy, (44)
or equivalently,

dr, = Tic]/kt[dt + oy dWy,t] + ‘r“ykt[dt + g, dWyi,t] (45)

13
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2.8. Macroeconomic equilibrium

In this section, we will determine the optimal capital formation path, for more de-
tails see (Venegas - Martinez & Polanco - Gaytan, 2011), (Smets & Wouters, 2003)
or (Wickens, 2012). To determine the capital formation we will use the income
identity, this is:

dy; = ¢ dt + dk; + dg: (46)

we substitute the consumption, production and government equations into the
capital formation dynamic stochastic equation, and taking expectations.

1
1 ]51

dk] )
Bl =va-a- [—(HTC) T 47)

ke

With this result, we can observe that there is a relation between the capital

growth rate and the REIT’s. Our model shows that the REIT’s yield depends

on the stock’s share of the individual wealth and the consumption, so it is

theoretically proved that the REIT’s affect the capital formation. On the next
section, we will measure this dependence by using quantile regression.

3. Empirical analysis

The goal of this section is to find empirical evidence of the relevance of the
investment on REIT’s on the real estate capital formation. In the econometric
analysis we use monthly observations from the Construction Gross Domestic
Product, CGDP, and the Global Index of Economic Activities, IGAE, against
the Total Net Asset Value, NAV.

3.1. Causality and cointegration

The NAVS series was calculated based on the certificates of participation and
the market prices of the REITs” registered as of December 30, 2018. The estima-
te consisted of multiplying the volume of certificates of participation (obtained
from Economatica) in circulation at the monthly closing of each of the REIT times
their corresponding market price (obtained from Investing). Finally, the monthly
NAUVs of each of the REITs were added to obtain the current market values of the
REITs assets in Mexico. On the other hand, the GDP of the construction sector
corresponds to the private construction of industrial, commercial and services real

” Denomination of the Mexican REIT by its acronyms. Fideicomisos de Inversién en Bienes Raices
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estate. The above considering that the complexes that acquire or build by REITs
represent the role they are engaged in (leasing of commercial real estate, services
and industrial). Additionally, the IGAE is introduced as an additional indepen-
dent variable that represents, to some extent, the preliminary results of the natio-
nal monthly GDP, since the investment depends directly on the level of income.
We describe the data and their sources on table 1 and show their general behavior
on graph 1 and 2. The data were taken from the investing portal and the National
Institute of Statistics and Geography. The observations are monthly from January
2014 to December 2018.

Table 1
Variables and sources for econometric analysis

Acronym Name Source
NAV REIT’s Net Asset Value Investing
IGAE Global Index of Economic Activities INEGI'

CGDO Construction Gross Domestic Product INEGI'

Source: own elaboration. ‘National Institute of Statistics and Geography.
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Source: own elaboration with data from INEGI and Investing. Panel a) Average Net Asset Value of REIT
Market. Panel b) GDP construction sector. Panel c) Mexican GDP. Series set in log terms.

Figure 1
General behavior of the analyzed variables

15



JORGE OMAR RAZ0O-DE-ANDA, SALVADOR CRUZ-AKE, FRANCISCO VENEGAS-MARTINEZ

We started the analysis using a linear regression between the Construction
GDP, CGDP, and the rest of the variables. The results showed that the resi-
dues under the tests of Lagrange and the Durbin Watson statistic present first
and second order serial autocorrelation. and under the ARCH tests for one
and two lags indicate that there is heteroscedasticity. We do not present® the
linear regression results because of its problems (heteroscedasticity and non-
normality). The main result on this analysis is the presence of extreme values,
those extreme observations may explain the non-normality but the heterosce-
dasticity problem suggest the presence of differentiated effects, related to the
dimension of one or several variables.

4.76 -

4724

4.68 -

IGAE

464 1

4.60 -

NAV

PIB

T T T T T T T T T T T T T T
460 464 468 472 476 15 16 17 18 19 20 150 152 154 156 158 16.0

IGAE NAV PIB

Source: own elaboration.

Figure 2
Dispersion matrix between the GDP of the construction series,
net asset value, global economic activity index

8 The results are available upon request by email.
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Those ideas led us to examine our data through the quantile regression analy-
sis. In this sense, a Granger Causality test was performed in order to justify the
temporal relationship of the series; the tests can be checked in the table 2. Further,
a cointegration test is performed under the Johansen approach to eliminate the
possibility of spurious regression (Greene, 2012), whereby it is necessary that all
series have the same order of integration. In this sense, to determine the stationa-
rity of a series, the Augmented Dickey-Fuller test is used (Greene, 2012).

Table 2
Granger causality test over PIB, NAV, IGAE

Granger Causality Test

Null hypothesis F statistic Prob.
NAYV does not cause IGAE 1.59843 0.2131
IGAE does not cause NAV 4.12451 0.0486
PIB does not cause IGAE 2.09364 0.1553
IGAE does not cause PIB 5.48308 0.024
PIB does not cause NAV 2.04767 0.1598
NAV does not cause PIB 10.2659 0.0026

Source: own elaboration. Specification with the first lag determined by
the Akaike and Schwartz criteria of optimal lag. The shaded cells denote
rejection of the null hypothesis at 5%.

Table 3
Stationarity test over PIB, NAV, IGAE

Augmented dickey-fuller test (levels)
. Critical values for significance level .
Serie T-statistic
10% 5% 1%

PIB -3.186854 -3.513075 -4.17564 -3.952899
NAV -3.186854 -3.513075 -4.17564 -2.037037
IGAE -3.186854 -3.513075 -4.17564 -3.062975

Augmented dickey-fuller test (First difference)
. Critical values for significance level .
Serie T-statistic
10% 5% 1%
PIB -3.188259 -3.515523 -4.180911 -7.756435
NAV -3.188259 -3.515523 -4.180911 -6.769168
IGAE -3.188259 -3.515523 -4.180911 -10.92288

Source: own elaboration. The test was performed considering linear trend and intercept.
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As it can be seen in the table 3, the series are integrated in order one. Once
it has been determined that the series are I (1), we proceed to determine if the-
re is cointegration by the Johansen method. With respect to the trace statistic,
the Johansen cointegration test, in table 4, indicates that there are at least two
cointegration relationships or long-term relationship between the variables, the-
reby ruling out that a regression between these variables is considered spurious.

Table 4
Johansen cointegration test over PIB, NAV, IGAE
Contegration rank test (trace)
Null hypothesis Eigenvalue Trace statistic Critical value Prob.**
None * 0.350274 34.84575 29.79707 0.012
Atleast1* 0.242557 15.87276 15.49471 0.0439
At least 2 0.079591 3.649237 3.841466 0.0561
Trace test show that there exist almost two cointegration equations at 0.05 level
* Denotes rejection at 0.05
**MacKinnon-Haug-Michelis (1999) p-values
Unrestricted cointegration rank test (maximum eigenvalue)
Null Hypothesis Eigenvalue N?t‘;(tiesi’;giin Critical value Prob.**
None 0.350274 18.97299 21.13162 0.0976
Atleast 1 0.242557 12.22353 14.2646 0.1025
At least 2 0.079591 3.649237 3.841466 0.0561

Max eigen test show that there no exist cointegration equations at 0.05 level
* Denotes rejection at 0.05
**MacKinnon-Haug-Michelis (1999) p-values.

Source: own elaboration. It is considered deterministic linear trend and lags in the first difference.

With the previous tests it is determined that there is a causality in Granger’s
sense of the Net Asset Values and the Global Index of Economic Activity
towards construction GDP. On the other hand, the Johansen Cointegration
test indicates a long-term balance, thereby ruling out the possibility of spu-
rious regressions.

In the following section we proceed to perform a robust regression, becau-
se the series and residues do not follow a normal distribution, as well as the
linear model present problems of heteroscedasticity. For this, a regression by
quantiles is proposed, which considers the empirical distributions of the series
allowing to estimate the different parameters and also evaluate the different
impacts for extreme values of the distribution.
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3.2. Quantile regression model

Publicly traded assets such as REITs participation certificates hardly show
signs of normality, so the use of econometric tools based on Gaussian distur-
bances can lead to a biased analysis. On the other hand, the estimated effects
of the linear models only consider the average effects, however, there may be
different behaviors in the tails of the distribution. One of the questions that
arise in this work is whether the long-term effect between the construction
sector and the net value of the fibers is stable considering the possible extre-
me values of the latter for being subject to speculation. If this relation varies
in the different points of the distribution, in periods of stress in the financial
markets, it could mean a contraction of the product of the construction sector
and therefore of the economic activity. This is why regression by quantiles is
used, which, considering the different parts of the empirical distributions of
the series, allows evaluating the impacts of the regressors on the values of the
dependent variable (Konker and Basset, 1978). It is worth mentioning that the
regression by quantiles, unlike regressions by least squares, seeks to minimize the
absolute error to the different quantiles of the distribution, in contrast to the mi-
nimization of the square of errors or residues. The results are presented in table 5.

Table 5
Quantile regression estimates
Intercep t NAV IGAE
Quantile value t-value | Prob. | value | t-value | Prob. value t-value | Prob.
0.10 -21677870.00 -2.47 0.02 0.00 1.25 0.22 | 242497.70 2.87 0.01
0.2 -18569470.00 -1.76 0.09 0.01 1.31 0.20 | 213700.70 | 2.12 0.04
0.30 -17464650.00 -3.20 0.00 0.01 2.56 0.01 | 205671.60 | 4.00 0.00
0.4 -19209450.00 -2.61 0.01 0.01 2.18 0.03 | 222702.60 3.22 0.00
0.50 -19184950.00 -2.64 0.01 0.01 2.78 0.01 | 222410.50 3.24 0.00
0.6 -18436320.00 -2.84 0.01 0.01 2.75 0.01 | 217193.90 | 3.52 0.00
0.70 -21650900.00 -2.40 0.02 0.01 1.76 0.09 | 249440.10 | 2.93 0.01
0.8 -16780610.00 -1.51 0.14 0.01 1.77 0.08 | 204519.70 1.97 0.05
0.90 -27176700.00 -2.72 0.01 0.00 0.65 0.52 | 305764.50 3.25 0.00

Source: own elaboration with R-Project. Shaded cells denote statistical significance in the estimated para-
meters at 5%.

Based on the previous table, it is possible to observe that the estimates are
significant for the central quantiles, that is, the extreme values of the NAVs do
not have a significant impact on the GDP of the construction. Additionally,
it is possible to observe that the estimates made through the regression by
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quantiles are kept constant through the different quantiles, that is, the impact
that an increase of 1000 pesos has on the Net Asset Value, the GDP of the
construction will increase by approximately .01, regardless of the distribution
quantile. Graph 3 also shows that quantile estimates yield similar estimates to
those obtained by the least squares method.

Figure 3
Parameter estimation of independent variables and their 95% confidence
bands. Quantile regression

INTERCEPT
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Source: own elaboration. Estimate made with the R-Project. The red line indicates the Regression
by the method of Ordinary least squares and the red dotted line indicates its 95% confidence band
respectively.
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From the above it is concluded under the quantile regression approach that
the extreme values of the NAVs do not affect the GDP of the construction, and
that the values in the central quantiles do not present a significant variation,
so it is possible to use the method of least squares to be able to establish pre-
dictions of the behavior of this variable.

4. Conclusions

The main result of this research is that REITS have a direct positive effect
on the Gross Domestic Product of the construction sector, and that there is a
long-term balance between the aforementioned variables. The foregoing pro-
ves that the hypothesis raised in this paper is accepted.

Likewise, under the development of a Stochastic Dynamic General Equili-
brium Model it was theoretically determined that there is a relationship bet-
ween the Gross Formation of Fixed Capital of the economy and the inves-
tment in the REITS Participation Certificates. The inclusion of CBFIs in an
investment portfolio of a rational agent represents a type of hedge against
possible variations of the remaining assets in the portfolio. The foregoing as
a consequence of the fact that there are infinite possible combinations between
the available assets and the REITS that can generate the same returns by having
the same risk premium. As an example it is possible to observe the diversifica-
tion of the SIEFORES “portfolios in Mexico, with a participation of the CBFIs of
the REITS in ever greater proportion and with relatively stable yields.

Finally, under the quantile regression approach, empirical evidence was
found that the extreme values, whether positive or negative, that present the
Net Values of the Assets that belong to the Real Estate Investment Trusts do
not have a significant relationship, or In other words, they do not impact the
Gross Domestic Product of the Construction sector in any way. This demons-
trates that a sharp rise or fall in the net values of the assets at market prices
would not have repercussions on the real variables such as the product.
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