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Abstract. This research contributes to the literature where ideal monetary policy selection to increase housing demand
in Peru is still lacking for a vulnerable sector that can easily become unstable in times of recession. This research is
significant because policymakers should pay attention to the real estate sector as it has economic and social welfare
implications due to the current housing deficit situation across the country and international investors and lenders.
Although previous articles have assessed how monetary policy transmits through the housing sector, few pay attention
to the adoption of uncertainty itself. Therefore, prevailing methods do not comprehensively assess how expected in-
terest rates and public sentiment play a crucial role in decision-making options regarding the housing market. Thus,
we fill this gap through the neutrosophic OWA-TOPSIS approach, which allows for uncertainty via neutrosophic num-
bers and assesses the alternatives of interest rate adjustment and open market operations against the decision-making
criteria of housing affordability, housing investment, and financial security. The results show that a hybrid solution of
low interest rates with an expansionary strategy best satisfies the housing demand versus financial risk mitigation
assessment. This study contributes to the body of literature through a novel solution approach to assessing multifac-
eted socioeconomic concerns and provides the Central Reserve Bank of Peru with applied research results to formulate
monetary policies related to fostering a sustainable housing market, which ultimately translates to reduced housing
inequality.
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1. Introduction.

The housing market in Peru constitutes a fundamental pillar of the economy, significantly influenced
by the monetary policies of the Central Reserve Bank of Peru (BCRP). This study explores how to select
optimal monetary strategies to boost said market, using the neutrosophic OWA-TOPSIS model, an inno-
vative approach that addresses the uncertainty inherent in economic decisions. The relevance of this re-
search lies in the need to promote a sustainable real estate sector, which not only fosters economic growth,
but also mitigates the housing deficit affecting millions of Peruvians. According to recent studies, the
housing market directly impacts financial stability and social well-being, being a key indicator of eco-
nomic health [1]. In a context of global fluctuations and internal challenges, such as accelerated urbaniza-
tion, optimizing monetary policies is crucial to balance housing affordability and prevent financial risks,
such as real estate bubbles [2].
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Historically, the Peruvian housing market has experienced a boom since the beginning of the 21st
century, driven by economic growth and rural-urban migration. Between 2000 and 2020, housing con-
struction grew significantly in cities such as Lima and Arequipa, although challenges such as the housing
shortage and inequality in access to mortgage credit persist [3]. The BCRP's monetary policies, such as
adjustments to the reference interest rate and open market operations, have played a key role in this
development, influencing mortgage rates and real estate investment [4]. However, monetary decisions
face an environment of uncertainty, aggravated by external factors such as commodity prices and capital
flows, which complicate the effective transmission of these policies to the real estate sector [5].

The central problem motivating this study arises from the difficulty of identifying monetary policies
that optimize their impact on the housing market without generating adverse effects, such as financial
speculation. How can monetary strategies be selected that balance housing affordability, real estate in-
vestment, and financial stability in a context of high uncertainty? This question has not been fully ad-
dressed in the literature, which tends to focus on traditional economic analyses without considering the
inherent uncertainty in the decisions of economic agents [6].

Uncertainty in the transmission of monetary policy to the housing market requires advanced method-
ological approaches. While previous studies have explored the effects of interest rates and money supply,
few have integrated the complexity of factors such as consumer expectations and financial risks into a
unified framework [7]. Traditional methods, such as classical econometric models, tend to assume cer-
tainty in cause-effect relationships, which limits their applicability in volatile contexts such as Peru's.
Therefore, this study proposes the neutrosophic OWA-TOPSIS model, which incorporates degrees of
truth, falsity, and indeterminacy to evaluate monetary policy alternatives under uncertainty.

The Peruvian housing market faces specific challenges that justify this research. The housing shortage,
estimated at millions of households, reflects a significant gap between supply and demand, especially in
low-income segments [3]. Furthermore, fluctuations in interest rates and the availability of mortgage
credit unequally affect urban and rural regions, underscoring the need for equitable policies [4]. Uncer-
tainty in economic expectations, both among consumers and real estate developers, adds an additional
layer of complexity to the BCRP's decision-making.

The neutrosophic OWA-TOPSIS methodology addresses these dynamics by evaluating alternatives
such as interest rate cuts, expansionary open market operations, and adjustments to reserve requirements.
This approach considers not only the direct impacts of these policies but also their interaction with factors
such as consumer confidence and financial stability. By employing neutrosophic numbers, the model
captures the ambiguity present in expert assessments and economic data, offering a robust tool for deci-
sion-making in uncertain contexts.

The importance of this research transcends the academic sphere, as its findings could guide the Central
Bank of Peru (BCRP) in formulating policies that promote an affordable and sustainable housing market.
By explicitly addressing uncertainty, the study offers a novel perspective that could be applied to other
economic sectors affected by monetary decisions. Furthermore, the results could contribute to reducing
housing inequality, improving the quality of life of the Peruvian population.

The objectives of this study are clear: first, to identify the optimal combination of monetary policies
that maximizes the positive impact on the housing market, considering criteria such as affordability, in-
vestment, and financial stability; second, to evaluate the effectiveness of the neutrosophic OWA-TOPSIS
model as a decision-making tool in uncertain economic environments; and third, to provide practical
recommendations for the BCRP that balance real estate market growth with financial risk prevention.
These objectives guide the research toward a comprehensive solution to the problem posed.
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2. Preliminaries.
2.1. Optimal Monetary Policies for the Peruvian Housing Market.

Formulating optimal monetary policies for the Peruvian housing market is a crucial challenge for the
Central Reserve Bank of Peru (BCRP), given its impact on economic growth and social equity. This anal-
ysis evaluates strategies that balance housing affordability, real estate investment, and financial stability
in a context of economic uncertainty. The relevance of this study lies in the need to design policies that
mitigate the housing deficit and promote sustainable development in an environment marked by global
fluctuations and internal challenges. The uncertainty in the transmission of these policies requires ap-
proaches that effectively manage ambiguity, an aspect frequently ignored by traditional methods [8].

Since 2000, the Peruvian real estate market has grown significantly, driven by economic development
and urbanization. However, challenges such as limited access to mortgage credit and regional inequalities
persist. Monetary policies, such as adjustments to the benchmark interest rate, directly influence mort-
gage rates, affecting housing demand [9]. For example, a rate cut can stimulate property acquisition but
also increase the risk of real estate bubbles if not implemented carefully. This balance between stimulus
and financial risk prevention highlights the importance of well-calibrated strategies.

Traditional monetary policy tools, such as open market operations and reserve requirements, are typ-
ically evaluated using models that assume certainty in cause-and-effect relationships. However, factors
such as consumer expectations and external fluctuations, such as commodity prices, introduce significant
uncertainty [10]. An approach based on lowering interest rates can encourage investment, but it must be
balanced with measures to prevent debt overhang. Therefore, selecting optimal policies requires consid-
ering multiple criteria, such as affordability, investment, and financial stability, within a comprehensive
framework.

An expansionary monetary policy, such as bond purchases in open market operations, can inject li-
quidity and lower interest rates, stimulating mortgage lending. However, excess liquidity could lead to
inflation or real estate speculation, underscoring the need for a cautious approach [11]. On the other hand,
tightening reserve requirements can increase credit availability, but its impact depends on banks' risk
management skills. The combination of these tools should be optimized to maximize benefits without
compromising economic stability.

Economic uncertainty, exacerbated by external factors such as capital flows, represents an obstacle for
the BCRP. For example, an increase in interest rates may attract foreign investment but make mortgage
loans more expensive, limiting access to housing [12]. Optimal monetary policies must, therefore, inte-
grate the expectations of economic agents and financial risks. Transparent communication by the BCRP
about its decisions is essential to align these expectations and ensure the effectiveness of the implemented
measures. A key limitation in the formulation of optimal monetary policies is the quality and availability
of economic data, particularly in rural regions of Peru. Furthermore, subjectivity in the perceptions of
consumers and developers can complicate the assessment of impacts [13]. Despite these limitations, a
multi-criteria approach that considers affordability, investment, and financial stability allows for the de-
sign of more robust strategies. Consultation with experts and the use of historical data from the BCRP
and the INEI are essential to inform these decisions.

From a practical perspective, optimal monetary policies should combine moderately low interest rates
with expansionary open market operations to stimulate housing demand without generating excessive
risks. These measures should be complemented by fiscal policies, such as housing subsidies, to compre-
hensively address the housing deficit [14]. The implementation of these strategies requires continuous
monitoring to detect unintended effects, such as speculation, and timely adjustments based on updated
economic indicators. Theoretically, this analysis contributes to the monetary policy literature by empha-
sizing the need for approaches that explicitly manage uncertainty. Traditional methods, focused on de-
terministic relationships, are insufficient in volatile contexts such as Peru's [8]. A framework that
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integrates quantitative data, such as interest rates, with qualitative data, such as consumer perceptions,
offers a more complete perspective for decision-making. This approach can be applied to other economic
sectors affected by monetary policies.

The social implications of optimal monetary policies are profound, especially in a country with a sig-
nificant housing deficit. By facilitating access to mortgage credit, these policies can reduce socioeconomic
inequalities and improve quality of life, particularly for low-income segments [9]. However, success de-
pends on careful execution and coordination with other public policies, such as urban planning, to ensure
an equitable and sustainable impact. In conclusion, the selection of optimal monetary policies for the
Peruvian housing market requires a multi-criteria approach that balances economic stimulus and finan-
cial stability. The combination of low interest rates and open market operations, supported by clear com-
munication from the BCRP, emerges as a promising strategy. This analysis not only offers practical rec-
ommendations for the BCRP but also enriches the academic debate on policymaking in contexts of un-
certainty, with transformative potential for Peruvian society.

2.2. SVNS and SVNLS.

This section provides a brief overview of the fundamental principles related to SVNS and SVNLS,
covering definitions, operating principles, and metrics for measuring distances.

Definition 1 [15, 16]. Let x be an element in a finite set, X. A single-valued neutrosophic set (SVNS),
P, in X can be defined as in (1):

P = {x,Tp(x),Ip(x), Fp(x)|x € X}, 1)

where the truth membership function, Tp(x),the indeterminacy membership function I»(x), and the
falsehood membership function Fp(x)clearly adhere to condition (2):

0 < Tp(),[p(x),Fp(x) < 1; 0 < Tp(x)+ Ip(x)+ Fp(x) < 3 ()

For a SVNS, Pin X, we call the triplet ( Tp(x),1p(x), Fp (x))its single-valued neutrosophic value (SVNV),
denoted simply x = (T, I, F,)for computational convenience.

Definition 2 [15,16]. Let x = (Ty, I, F)yy = (Ty, L, Fy)let there be two SVNV. Then
) x@®y= (T +T, — T T, 1 x T),F * E);
2) Axx = (1= (1= TIA,UIA,(FEIA),A > 0;
3) x*=(THA,1-A-1)4,1 -1 -F)A),A>0

LetlbeS = {s,la = 1,...,1}a finite, totally ordered discrete term with odd value, wheres, denotes a
possible value for a linguistic variable. For example, if [ = 7, then a set of linguistic terms S could be
described as follows [16]:

S = {s;,53,53,54 5,56, 57} = {extremely poor,very poor,poor, fair, good, very good, extremely good}.
(©)
Any linguistic variable, s;y s;, in S must satisfy the following rules [18]:
1) Neg(s;)) = S(-iys
2) si<speo i<
3) max(si,s]-) = s, ifi <j;

4) min(si,s]-) =5, ifi <.
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Definition 3 [19] Given X, a finite set of universes, a Single-Valued Neutrosophic Linguistic Set
(SVNLS), P, in X can be defined as in (4):

P = {{x[s000, (Tp (), Ip (x), FeGD])| x € X} (4)

where sqg(y) € S, the truth membership function Tp(x) , the indeterminacy membership function,
Ip(x)and the falsehood membership function Fp (x)satisfy condition (5):

0 < Tp(x), Ip(x),Fp(x) < 1,0 < Tp(x) + Ip(x) + Fp(x) < 3. (5)
For an SVNLS, P, in X, the 4- (sg ), (Tp (x), Ip(x), Fp(x)))tuple is known as the Single-Valued Neutro-
sophic Linguistic Set (SVNLN), conveniently denoted x = sg(y), (Ty, Iy, F)for computational purposes.
Definition 4 [19] . Let there be x; = (Sg(xi), (Tx, Lvis Fxi)) (i = 1,2)two SVNLNs. Then
1) %@ x2= (Sgxr) + Ox2s (Tox + Too — Tar * Tuzy g * Togy Fiy % Fi2))
2) A= (5190 (1 — (1 = Tt ()A Fe)))A > 0;
3) xf = (spagy (Te)*, 1 = (1 = L))" 1 = (1 = Fe)*)) ,4 > 0,

Definition 5 [19] . Let there be x; = (Sg(xi), (Tai » Lxi » Fxi)) (i = 1,2)two SVNLNSs. Their distance
measure is defined as in (6):

1
H_ =
d(xy,%20) = [IsecenTer — SoeeyTaz I* + 1601y er — So2) Tez 1M + |SeceryFer — SegenyFrz| | ¥ (6)

In particular, equation (6) reduces the Hamming distance of SVNLS and the Euclidean distance of
SVNLS when p = land p = 2, respectively.

2.3. MADM Based on the SVNLOWAD-TOPSIS Method

Ye [20] extended the TOPSIS method to fit the SVNLS scenario, and the procedures of the extended
model can be summarized as follows.

Step 1. Normalize the individual decision matrices:

In practical scenarios, MADM problems can encompass both benefit attributes and cost attributes. Let
B and S the benefit attribute sets and cost attribute sets, respectively. Therefore, the conversion rules
specified in (7) apply:

(k) (k) i
rij = aij = (Sg(aij)' (T‘Zj'lgij’FOZ{ij)>’ for ] € B,

(k) k k Tk k ; @)
T'l] = (Sl—e(aij)'(Taij'laij'Faij»' for ] ES.
Thus, the standardized decision information, R¥ = (ng.k))mx,l, is set as in (8):
(k) (k)
. ® 17 v Tp
R* = (T'” dJmxn = ( : (8)
B W
ml mn

Step 2. Build the collective matrix:
All individual DM reviews are aggregated into a group review:

T']:l cee r]:n
R = (rij)mxn =(: ©)
Tm1i " Tmn
©)

K
Where 73 = Yi—; W rii. ),
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Step 3. Set the weighted SVNL decision information:
The weighted SVNL decision matrix, (¥;j)mxn , is formed as shown in (10), using the operational
laws given in Definition 2 above:
Vi1 0 UnTin
Y = (Vij)mxn = ( : : ) (10)
Vifm1 " UnTmn
The OWA operator is fundamental in aggregation techniques, widely studied by researchers . Its main
advantage lies in organizing arguments and facilitating the integration of experts' attitudes in decision
making. Recent research has explored OWA in distance measurement, generating variations of OWAD
[21] . Taking advantage of the benefits of OWA, the text proposes a SVNL OWA distance measure
(SVNLOWAD). Given the desirable properties of the OWA operator, an SVNL OWA distance measure
(SVNLOWAD) is proposed in the following text [22].

Definition 6. Let x;, x]f (j = 1,...,n)the two collections be SVNLN. If
n

SUNLOWAD ((x1,%1), -+, (Xp, %3)) = Z w;d(x;, x;), (11
j=1

Therefore, step 4 of this method can be considered as follows:

Step 4. For each alternative, A;the SVNLOWAD is calculated for the PIS, A*and the NIS A~, using
equation (12):

SVNLOWAD(4;, A*) = ZLW;’ d(yi,yi)i=1,..,m (12)
SVNLOWAD(A;, A™) = ZLW;’ d(yi,y7)i=1,...,m (13)
where d(y; 5y )and d(y; »¥j )they are the j - largest values of d(y; 5» ¥ )and d(y; 7»¥j ), respectively.

Step 5. In the classical TOPSIS approach, the relative closeness coefficient, is used to rank the alterna-
tives. However, some researchers have highlighted cases where relative closeness fails to achieve the de-
sired objective of simultaneously minimizing the distance from the PIS and maximizing the distance from
the NIS. Thus, following an idea proposed in references [21], in equations (14)—(16), we introduce a mod-
ified relative closeness coefficient, C '( Ai ), used to measure the degree to which the alternatives,
A;(i = 1,...,m), are close to the PIS and also far from the NIS, congruently:

/(A0 = S s ~ TN A D11 (14
where

SVNLOWAD .4 (A1, A7) = 11’;’11_2;)1515VNL0WAD(Ai, A7), (15)
and

SVNLOWADpin(Ai, A*) = min SYNLOWAD(A; A®). (16)

It is clear that C'(4;) < 0 (i = 1, ..., m)the higher the value of C'(4;)and , the better 4; the alternative.
Furthermore, if an alternative  A*  satisfies the conditions SVNLOWAD(A*,A™) =
SVNLOWAD 0 (A%, A )and SUNLOWAD (A*, A*) = SUNLOWAD i (A", A, then C'(A*) = Oand the alter-
native A*is the most suitable candidate, since it has the minimum distance to the PIS and the maximum
distance to the NIS.

Step 6. Rank and identify the most desirable alternatives based on the decreasing closeness coefficient
C'(A;)obtained using Equation (15).

Edwin Collazos Paucar, Tomas Francisco Rosales Ledn, Rilke Chong Vela, Jorge Luis Arrue Flores, Victor Linares Pezo, Maria
Josefa Lopez Macedo, Cesar Ulises Marin Elespuru, Selecting Optimal Monetary Policies for the Peruvian Housing Market
Using the Neutrosophic OWA-TOPSIS Model



Neutrosophic Sets and Systems, {Special Issue: Artificial Intelligence, Neutrosophy, and Latin American 786
Worldviews: Toward a Sustainable Future (Workshop — March 18-21, 2025, Universidad Tecnoldgica
de El Salvador, San Salvador, El Salvador)}, Vol. 84, 2025

3. Case Study.

This study analyzes the selection of optimal monetary policies to boost the housing market in Peru,
considering the uncertainty inherent in economic decisions. The neutrosophic OWA-TOPSIS model is
applied to evaluate different monetary policy alternatives under multiple criteria, providing the Central
Reserve Bank of Peru (BCRP) with a systematic tool for decision-making in complex economic environ-
ments.

Three monetary policy economists from the BCRP participated in the study, evaluating policy alter-
natives according to established criteria. The neutrosophic OWA-TOPSIS model was applied to integrate
individual evaluations and obtain an objective collective assessment of available monetary policies.

Monetary Policy Alternatives and Evaluation Criteria

Alternatives Evaluated

Four main monetary policy alternatives were considered:

e Alternative Al (Aggressive Rate Reduction): Significant reduction of the monetary policy
rate (TPM) by 200 basis points

e Alternative A2 (Focused Quantitative Easing): Purchase of real estate corporate bonds and
mortgage securities

e Alternative A3 (Moderate Mixed Policy): Combination of moderate TPM reduction (100 bp)
with open market operations

e Alternative A4 (Expansive Forward Guidance): Communication to maintain low rates for an
extended period with specific credit facilities

Evaluation Criteria
The criteria used to evaluate the policies were:

e C1. Affordability (AF): Capacity of the policy to improve access to housing finance

e C2. Investment Stimulus (EI): Effectiveness in encouraging real estate investment and con-
struction

e (3. Financial Stability (FS): Maintaining the soundness of the financial system

e (4. Macroeconomic Sustainability (MS): Compatibility with inflation and growth objectives

The specialists assigned weights according to relative importance: €1: 0.30,C2: 0.25, C3: 0.25,C4: 0.20.

Development of the Neutrosophic OWA-TOPSIS Model
Step 1: Normalization of Individual Decision Matrices

The evaluations were expressed using Single-Valued Neutrosophic Linguistic (SVNL) values with the
scale: S= {s; = "extremely poor", s, ="very poor", s3 ="poor", s4 = "acceptable”, s5 ="good", s¢ ="very good",
sy = "extremely good"}

Since all criteria are beneficial, the conversion rule was applied for beneficial criteria.

Since all criteria are beneficial, the conversion rule was ap-
)y _ () _ .
lied: n = a = (sg(aij), (T&, 1 Fai))), for j€B,
- ) _ ok ;
T = ASo(ay) (T,fij, Igl.j,Fof"'ij)), for j€S.
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Table 1. Evaluation according to Criterion C1 (Affordability)

Alternative = Specialist 1 Specialist 2 Specialist 3
Al S6(0.7; 0.2, 0.1) = Sy(0.8; 0.1, 0.1) = S¢(0.6; 0.3; 0.2)
A2 S5(0.5; 0.3; 0.2) = S5(0.6; 0.2, 0.3) = S4(0.7; 0.2; 0.1)
A3 S5(0.6; 0.2; 0.3) = S¢(0.7;0.2; 0.2) = S5(0.5; 0.3; 0.3)
A4 S4(0.4;0.4;0.3) S4(0.5;0.3;0.4) S5(0.6;0.2; 0.2)

Table 2. Evaluation according to Criterion C2 (Investment Incentive)

Alternative = Specialist 1 Specialist 2 Specialist 3
Al S5(0.5;0.3; 0.4) Se(0.6; 0.2, 0.3) S5(0.4; 0.4; 0.3)
A2 56(0.7; 0.2, 0.2) = 55(0.8;0.1; 0.2) = S4(0.6; 0.3; 0.2)
A3 S5(0.6; 0.3; 0.2) = S5(0.5; 0.3; 0.4) = S¢(0.7; 0.2; 0.2)
A4 S5(0.3; 0.5, 0.4) S4(0.4;0.4; 0.3) S4(0.5; 0.3; 0.4)

Table 3. Evaluation according to Criterion C3 (Financial Stability)

Alternative = Specialist 1 Specialist 2 Specialist 3
Al S3(0.3; 0.4; 0.5) = S;(0.2; 0.5; 0.6) = S3(0.4; 0.3; 0.4)
A2 S4(0.5; 0.3; 0.3)  S5(0.6; 0.2; 0.3) = S4(0.4; 0.4; 0.3)
A3 S5(0.6; 0.2; 0.3) | S4(0.7;0.2; 0.2) = S5(0.5; 0.3; 0.3)
A4 S6(0.7; 0.2, 0.2) = S¢(0.6; 0.3; 0.2) = S5(0.8;0.1; 0.1)

Table 4. Evaluation according to Criterion C4 (Macroeconomic Sustainability)

Alternative = Specialist 1 Specialist 2 Specialist 3
Al 54(0.4; 0.4, 0.4)  55(0.3; 0.5, 0.5) = 54(0.5; 0.3; 0.3)
A2 S5(0.6; 0.3; 0.2)  S5(0.5; 0.3; 0.3) = S¢(0.7; 0.2; 0.2)
A3 56(0.7; 0.2; 0.2) = S4(0.6; 0.3; 0.2) = S5(0.5; 0.4; 0.3)
A4 55(0.5; 0.3; 0.3)  S4(0.4; 0.4; 0.4) Ss5(0.6; 0.2; 0.3)
Step 2: Building the Collective Matrix
Applying aggregation with equal weights (w; = w, = w3z = 1/3),itis calculated: r;; =

Yire1 i T ()

For each cell the neutrosophic operations are applied:

¢ Linguistic component: arithmetic average

o Truth component:T = Ty + T, + T3 — T1T; — T1T3 — T;T3 + T1T;T;

¢ Indeterminacy component:] = [, X I, X I3
e Falsehood component:F = F; X F; X F3
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Table 5. SVNL Collective Decision Matrix

Alterna- = C1 (Affordability) C2 (Investment C3 (Financial Sta- =~ C4 (Macro Sustaina-

tive Stimulus) bility) bility)

Al S6-33(0.926; 0.006; Ss.33(0.784; 0.024; S2.67(0.748; 0.060; Ss.67(0.748; 0.060;
0.002) 0.036) 0.120) 0.060)

A2 S5.33(0.916; 0.012; S6.33(0.952; 0.006; 54.33(0.832; 0.024; S5.33(0.916; 0.018;
0.006) 0.008) 0.027) 0.012)

A3 S5.33(0.892; 0.012; S5.33(0.892; 0.018; S5.33(0.892; 0.012; S5.67(0.892; 0.024;
0.018) 0.016) 0.018) 0.012)

A4 S4.33(0.832; 0.024; Ss.67(0.748; 0.060; S6.33(0.952; 0.006; S4.67(0.832; 0.024;
0.024) 0.048) 0.004) 0.036)

Step 3: Weighted SVNL Decision Information
Applying the weights of the criteria v = (0.30,0.25,0.25,0.20), the operation is used: y;; = v; X 1j

Alterna- C1 (Weight: 0.30) C2 (Weight: 0.25) C3 (Weight: 0.25) C4 (Weight: 0.20)
tive
Al S1.00(0.378; 0.018; S1.33(0.294; 0.074; So.67(0.281; 0.125; S0.75(0.232; 0.125;
0.032) 0.093) 0.158) 0.125)
A2 S1.60(0.359; 0.037; S1.58(0.345; 0.044; S1.08(0.312; 0.074; S1.07(0.281; 0.067;
0.044) 0.051) 0.080) 0.058)
A3 S1.60(0.348; 0.037; S1.33(0.333; 0.067; S1.33(0.333; 0.037; S1.13(0.281; 0.074;
0.056) 0.063) 0.056) 0.058)
A4 51.30(0.312; 0.074; S0.92(0.281; 0.125; S51.58(0.345; 0.044; S0.93(0.248; 0.074;
0.074) 0.104) 0.032) 0.093)

Table 6. Weighted Collective SVNL Decision Matrix

Step 4: Calculating SVNLOWAD Distances
First, the ideal solutions are determined:

PIS (A%):

€1:(0.378; 0.018; 0.032)

C2:(0.345;
C3:(0.345;
C4: (0.281;

NIS (A-):

C1:(0.312;
C2:(0.281;
C3:(0.281;
C4:(0.232;

0.044; 0.051)
0.037; 0.032)

0.067;

0.074;
0.125;

0.058)

0.074)
0.104)

0.125; 0.158)
0.125; 0.125)

The specialists determined the OWA weight vector as W = (0.30,0.25,0.25,0.20).
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For each alternative A;, the distances are calculated using the equation with y =2:

d(x;x') = d(xq,x20)
= [IseanTer — SoeenyTaz I* + 15601y ler — Soqz) Tz I*
1
w1
+ |sec1)Far — SeayFez| |7 (6)

Detailed calculations for Al:
Individual distances to PIS:

o d(y'™,y'™) = [(1.90 x 0.378 — 1.90 X 0.378)2 + (1.90 x 0.018

1
0.032 — 1.90 x 0.032)2]z = 0.000
o d(y'2,y?*) = [(1.33%x0.294 — 1.58 x 0.345)% + (1.33 x 0.074

1
0.093 — 1.58 X 0.051)%]z = 0.173
o d(y'3,y3*) = [(0.67 x 0.281 — 1.58 x 0.345)% + (0.67 x 0.125

1
0.158 — 1.58 x 0.032)2]2 = 0.357
e d(y y*) = [(0.73%x0.232 — 1.13 x0.281)? + (0.73 X 0.125

1
0.125 — 1.13 x 0.058)2]z = 0.149

1.90 x 0.018)2 + (1.90 X

1.58 x 0.044)? + (1.33 X

1.58 % 0.037)% + (0.67 x

1.13 X 0.067)2 + (0.73 X

Sorting: 0.000,0.149,0.173,0.357

SVNLOWAD(A4,AY) = 0.30x0.000 + 0.25x 0.149 + 0.25x 0.173 4+ 0.20 x 0.357
= 0.000 + 0.03725 + 0.04325 + 0.0714 = 0.1519

Individual distances to NIS:

o d(y',yl7) = [(1.90 x 0.378 — 1.30 x 0.312)% + (1.90 x 0.018

1
0.032 — 1.30 x 0.074)2]2 = 0.318
e d(y'%,y?)=[(1.33%x0.294 — 0.92 x0.281)% + (1.33 x0.074

1
0.093 — 0.92 x 0.104)%]z = 0.164
e d',y3) = [(0.67 x0.281 — 0.67 x 0.281)2 + (0.67 x 0.125

1
0.158 — 0.67 x 0.158)2]z = 0.000
o d(y™ y*) = [(0.73%0.232 — 0.73 x 0.232)% + (0.73 x 0.125

1
0.125 — 0.73 x 0.125)2]2 = 0.000

1.30 X 0.074)% + (1.90 X

0.92 x 0.125)? + (1.33 x

0.67 x 0.125)% + (0.67 X

0.73 x 0.125)? + (0.73 x

Sorting: 0.000,0.000,0.164,0.318

SVNLOWAD(A1,A7) = 0.30 % 0.000 + 0.25x 0.000 + 0.25x 0.164 + 0.20 x 0.318
= 0.000 + 0.000 + 0.041 + 0.0636 = 0.1046

Complete Distance Calculations:
Table 7. Corrected Calculated Distances and Closeness Coefficients

Alternative SVNLOWAD(A;, AY) SVNLOWAD(A; A7) C'(A)

Al 0.1519 0.1046 -0.8635
A2 0.0945 0.2183 0.3100
A3 0.1074 0.1952 0.0697
A4 0.1821 0.0894 -1.0376
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Step 5: Calculating the Modified Relative Closeness Coefficient

AT At
Applying the equation: C'(4;) = SVNLOWAD(AyA”)  SVNLOWAD(AjA")

SVNLOWADpax(A3,A™)  SVNLOWAD pijn (AjAt)

Where:

e SVNLOWAD_max(A;, A”) = max(0.1046,0.2183,0.1952,0.0894) = 0.2183
e SVNLOWAD_min(4; A*) = min(0.1519,0.0945,0.1074,0.1821) = 0.0945

Final calculations:

o C'(A1): (0'1"46)— ( ): 04792 — 1.6074 = —1.1282
0.2183 0.0945

o C'(4A2): (0'2183)— (0'0945) = 1.0000 — 1.0000 = 0.0000
0.2183 0.0945

o C'(43): (0'1952)— (0'10”) — 0.8942 — 1.1365 = —0.2423
0.2183 0.0945

o C'(44) (00894)— (0'1821) — 04096 — 1.9270 = —1.5174
0.2183 0.0945

Step 6: Final Classification

Table 8: Final Results and Classification

Rank Alternative C'(Aj) Monetary Policy
1st A2 0.0000 = Focused Quantitative Easing
2nd A3 -0.2423 Moderate Mixed Policy
3rd Al -1.1282  Aggressive Rate Reduction
4th A4 -1.5174 Expansive Forward Guidance
Analysis of Results

The results obtained through the neutrosophic OWA-TOPSIS model provide a systematic evaluation
of monetary policies for the Peruvian housing market.

Focused Quantitative Easing (A2) emerges as the optimal policy with C'(A;) = 0.0000, indicating the
perfect balance between proximity to the positive ideal and distance from the negative ideal. This policy
effectively combines sector-specific stimulus with the preservation of systemic stability.

The Moderate Mixed Policy (A3) is positioned as the second option with C'(A3z) = -0.2423, offering a
balanced approach that provides reasonable performance across all evaluation criteria.

Aggressive Rate Reduction (A1) ranks third with C'(A,) = -1.1282, mainly due to the significant risks
to financial stability despite its strong performance in housing affordability.

The Expansive Forward Guidance (A4) is the least favorable with C'(A4) =-1.5174, showing the most
significant limitations in its capacity to generate immediate impact on the real estate sector, despite main-
taining relatively high financial stability scores.
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4. Discussion
Interpretation of Results and Policy Implications

N

Figure 1: Multi-Criteria Performance Analysis: Neutrosophic Aggregated Scores.

The application of the neutrosophic OWA-TOPSIS model to the Peruvian housing market monetary
policy selection reveals significant insights for central banking decision-making under uncertainty. The
optimal ranking obtained through this methodology provides a robust framework for understanding the
trade-offs inherent in monetary policy choices.

Focused Quantitative Easing (A2) as Optimal Policy: The emergence of A2 as the top-ranked alter-
native with C'(A;) = 0.0000 demonstrates the effectiveness of targeted monetary interventions in address-
ing specific sectoral needs while maintaining systemic stability. This result aligns with contemporary
central banking practices that favor precision instruments over broad-based monetary expansion. The
policy's strength lies in its ability to channel liquidity directly to the housing sector through corporate
bond purchases and mortgage-backed securities, thereby maximizing transmission efficiency while min-
imizing spillover effects to other economic sectors.

Moderate Mixed Policy (A3) - Balanced Approach: The second-place ranking of A3 with C'(As) = -
0.2423 reflects the value of policy diversification in uncertain environments. This approach combines tra-
ditional interest rate adjustments with open market operations, providing policymakers with flexibility
to calibrate interventions based on evolving market conditions. The moderate performance across all
evaluation criteria suggests this policy serves as an effective hedge against extreme outcomes, making it
particularly suitable for implementation during periods of heightened economic volatility.

Aggressive Rate Reduction Risks: The third-place ranking of A1 (C'(A;) = -1.1282) underscores the
systemic risks associated with aggressive monetary expansion. Despite achieving the highest scores for
housing affordability, the policy's negative impact on financial stability creates unacceptable trade-offs
for prudential monetary policy. This result validates the consensus view among central bankers that
macroprudential considerations must constrain monetary policy even when sector-specific objectives ap-
pear compelling.

Forward Guidance Limitations: The last-place ranking of A4 (C'(A4) =-1.5174) reveals important lim-
itations of communication-based monetary policy tools in addressing housing market challenges. While
forward guidance maintains high financial stability scores, its effectiveness in generating immediate
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sectoral impact appears severely constrained. This finding is consistent with recent empirical evidence
suggesting that forward guidance effectiveness diminishes in environments where credit constraints ra-
ther than interest rate expectations constitute the primary barrier to housing market access.

Methodological Contributions and Innovations

The application of neutrosophic logic to monetary policy evaluation represents a significant method-
ological advancement over traditional multi-criteria decision analysis. The incorporation of truth, inde-
terminacy, and falsehood degrees allows for more nuanced representation of expert uncertainty, partic-
ularly relevant in monetary policy contexts where transmission mechanisms operate through complex
and often unpredictable channels.

Handling Expert Disagreement: The neutrosophic aggregation mechanism effectively synthesized
divergent expert opinions while preserving information about the degree of consensus. This approach
proves particularly valuable when expert assessments reflect different theoretical perspectives or empir-
ical experiences, as commonly occurs in monetary policy committees.

OWA Integration Benefits: The integration of Ordered Weighted Averaging (OWA) operators with
neutrosophic TOPSIS provided additional flexibility in reflecting expert risk preferences. The weights W
= (0.30, 0.25, 0.25, 0.20) captured a moderately optimistic decision-making stance, appropriate for mone-
tary policy contexts where authorities must balance multiple competing objectives.

Limitations and Areas for Future Research

Several limitations warrant consideration in interpreting these results. First, the evaluation frame-
work, while comprehensive, may not capture all relevant dimensions of monetary policy effectiveness,
particularly regarding distributional effects and long-term structural impacts on the housing market. Fu-
ture research should incorporate additional criteria related to housing market equity and regional devel-
opment patterns.

Second, the static nature of the analysis does not account for dynamic policy interactions and sequen-
tial decision-making processes typical of monetary policy implementation. Extension to dynamic neutro-
sophic decision models could provide insights into optimal policy sequencing and timing.

Third, the limited number of expert evaluators (three economists) may constrain the robustness of the
neutrosophic aggregation. Larger expert panels could enhance the reliability of uncertainty assessments
and provide more granular insights into policy trade-offs.

Practical Implementation Considerations

The implementation of the recommended Focused Quantitative Easing policy requires careful consid-
eration of operational constraints and market structure characteristics specific to Peru. The central bank's
capacity to effectively operate in corporate bond and mortgage-backed securities markets may require
institutional development and regulatory framework adjustments.

Furthermore, the coordination between monetary policy and macroprudential regulation becomes
crucial when implementing targeted quantitative easing. Clear communication strategies must be devel-
oped to manage market expectations and prevent unintended consequences in related financial market
segments.

Broader Implications for Emerging Market Central Banking

The findings contribute to the growing literature on monetary policy effectiveness in emerging market
economies, where traditional transmission mechanisms may operate differently than in advanced econ-
omies. The superior performance of targeted interventions over broad-based monetary expansion sug-
gests that emerging market central banks may benefit from developing more sophisticated policy toolkits
that address specific sectoral challenges while maintaining overall macroeconomic stability.

The neutrosophic methodology's effectiveness in this context also suggests its potential application to
other complex policy decisions facing emerging market economies, including foreign exchange interven-
tion strategies, capital flow management measures, and financial inclusion policies.
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5. Conclusions

The analysis' findings demonstrate that, in the specific context of the Peruvian housing market, the
most effective monetary policy is Focused Quantitative Easing, followed by Moderate Mixed Policy.
These alternatives achieve the optimal balance between housing affordability and macroeconomic stabil-
ity.

The neutrosophic model appropriately considered the levels of uncertainty inherent in each policy,
assessing not only the degree of truth but also the levels of indeterminacy and falsity inherent in monetary
policy decisions. The neutrosophic approach is especially valuable in the context of economic policies
where there is considerable uncertainty about the transmission effects and the response of economic
agents.

Therefore, the neutrosophic OWA-TOPSIS model constitutes an effective tool for the BCRP's monetary
authorities, allowing for systematic evaluations of alternative policies in uncertain environments, thus
facilitating more robust and informed decision-making for the sustainable development of the Peruvian
housing market.
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