@“( sustainability

Article

Bioclimatic Design Meets Demographic and Industrial Change:
A Multi-Criteria Assessment of Green Housing Feasibility in
Mexico City, Tabasco, and Yucatan

Leon Hamui 12#(, Ignacio Ferrer-Garcia ! and Josué Jair Ventura-Hernandez !

W) Check for updates

Academic Editor: Ljubomir Jankovic

Received: 11 September 2026
Revised: 29 October 2026
Accepted: 29 October 2026
Published: 3 November 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

Faculty of Engineering, Universidad Andahuac México, Avenida Universidad Andhuac 46, Col. Lomas
Anédhuac, Huixquilucan 52786, Mexico; iferrer@anahuac.mx (LF.-G.); josue.venturahe@anahuac.mx (J.J.V.-H.)
Fidel Velazquez Technological University, Emiliano Zapata S/N, Col. El Trafico, Nicolds Romero 54400, Mexico
Correspondence: leon.hamui@anahuac.mx

Abstract

Green housing strategies are often selected based on climate-responsive principles or ranked
through additive indicators, even when deficient infrastructure or material hazards should
preclude deployment. This study develops a reproducible, non-compensatory regional
screening framework for Mexico City, Tabasco, and Yucatdn. The framework is a conceptual
pre-feasibility instrument based on public secondary data; it is not a building certification,
a parcel-level decision model, or a validated energy simulation. Official demographic,
housing, climate, economics, labor, market, and industrial corridor evidence is integrated
through transparent ordinal rules and veto conditions. Robustness was examined by varying
every quantitative threshold by +20% and by testing the ecological association between the
2024 housing backlog rate and basic service deprivation across Mexico’s 32 federal entities.
The association was strong (Pearson r = 0.816, p < 0.001; Spearman p = 0.693, p < 0.001),
while the three portfolio classes remained unchanged under the sensitivity test. In the focal
cases, housing backlog affected 6.01% of the housing stock in Mexico City, 63.78% in Tabasco,
and 13.94% in Yucatan; basic service deprivation affected 5.5%, 43.8%, and 30.1% of the
respective populations. The resulting regional propositions are targeted infill and retrofit in
Mexico City, safeguarded flood-resilient pilots in Tabasco, and infrastructure-linked growth
in Yucatan. An explicit indicator-to-response matrix, a project baseline protocol, a financial
screening equation, a stakeholder validation pathway, and post-occupancy KPIs establish
the evidence required before investment. Economic opportunity is treated as enabling
evidence, whereas essential services and material hazards retain veto power.

Keywords: bioclimatic housing; regional screening; non-compensatory MCDA; housing
deprivation; industrial corridors; Mexico

1. Introduction

Buildings are no longer a secondary focus of climate policy. The 2025-2026 Global
Status Report for Buildings and Construction attributes approximately 37% of global energy-
and process-related carbon dioxide emissions to the sector and links it to nearly one-half of
global material extraction [1]. This burden is being amplified by climatic conditions that are
moving beyond the historical baselines used to design much of the current housing stock: the
World Meteorological Organization confirmed 2024 as the warmest year in the observational
record, at about 1.55 °C above the 1850-1900 average [2]. For housing systems, this is not
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merely an emissions problem. It is simultaneously a question of thermal safety, household
affordability, water security, infrastructure capacity, and spatial access to employment.

The environmental performance of social and affordable housing is governed by inter-
acting rather than isolated variables. Recent systematic reviews identify envelope quality,
indoor environmental quality, energy use, affordability, occupant behavior, maintenance,
and institutional capacity as recurrent determinants [3,4]. Latin American evidence further
shows that nominally efficient technologies may underperform when designs disregard
climatic heterogeneity, user practices, or the fragmented implementation of building regu-
lations [5,6]. A technically elegant dwelling can still be unsustainable if it is disconnected
from jobs, unaffordable to operate, exposed to recurrent flooding, or delivered where water
and sanitation networks are structurally deficient.

1.1. Mexico’s Bioclimatic and Housing Policy Problem

Mexico is an analytically demanding case because one national housing market contains
sharply different thermal regimes, urban forms, incomes, hazards, and institutional capaci-
ties. Mexico City is characterized by its high altitude, a predominantly temperate subhumid
climate, high land values, intense urban heat island effects, and a service-oriented economy.
Tabasco is characterized by warm humid conditions, very high rainfall, hydrocarbon-linked
production, and recurrent flood exposure. Yucatén is characterized by warm subhumid
conditions, rapid metropolitan and industrial expansion, limestone geology, aquifer vulner-
ability, and hurricane risk. Treating these cases as variants of one design problem obscures
the mechanisms that determine feasibility.

Building performance research already supplies a strong technical warning against
uniform solutions. Parametric studies in tropical Mexican social housing show that orienta-
tion, solar control, natural ventilation, and envelope configuration can materially reduce
cooling loads and discomfort [7]. A year-round rooftop shading intervention has likewise
demonstrated the importance of controlling solar gains before adding mechanical capac-
ity [8]. Forward-looking simulations for southeastern Mexico indicate that thermal comfort
in social housing becomes more difficult under climate change, with results sensitive to
envelope and operational variables [9]. Passive measures can reduce the incidence of energy
poverty in the southeast, but their benefits depend on utility cost, income, and climate
conditions [10,11]. A 2026 analysis across 13 Mexican climatic zones estimated annual
modeled household energy requirements of approximately 3924-7377 kWh, with cooling
responsible for roughly 53% of use, and 77% of evaluated cases exceeding a 10% energy
burden threshold [12]. The justice problem is sharper than an access metric suggests: an
electricity connection does not guarantee the affordable energy services required for health
and comfort [13].

1.2. Research Gap, Objective, and Contributions

Three gaps remain. First, most building studies optimize a reference dwelling with-
out testing whether the surrounding housing market, productive structure, and service
networks can support deployment. Second, regional development narratives often infer
housing opportunities from GDP, investment, or announced infrastructure while treating
climate and basic services as secondary constraints. Third, feasibility studies frequently
collapse heterogeneous dimensions into an additive index, allowing a strong economic
score to compensate mathematically for a floodplain location or absent sanitation. That
compensation may be convenient, but it is neither physically nor ethically defensible.

Green building rating systems operate primarily at the asset or project scale and com-
monly aggregate credits or weighted indicators; recent reviews show that indicator selec-
tion, weighting, regionalization, and life-cycle boundaries can materially alter a rating [14].
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Within MCDA, AHP and TOPSIS are useful for preference elicitation and ranking but re-
main compensatory unless hard constraints are imposed; weighted fuzzy models likewise
aggregate performance after constructing an indicator hierarchy [15,16]. PROMETHEE
and ELECTRE permit outranking, incomparability, and veto thresholds, although they
require more extensive preference elicitation and alternative-specific data [15,17]. Resident
adoption evidence also demonstrates that a technically favorable score does not establish
social acceptance [18]. The framework developed here occupies a narrower analytical niche:
transparent regional triage using harmonized public data. It neither certifies buildings
nor ranks detailed design alternatives; it determines which regional propositions merit
parcel-level appraisal, and which must wait until service or hazard gates are resolved.

The main question is: how does green housing feasibility change when climatic fit,
housing need, basic service readiness, productive momentum, market pressure, and indus-
trial corridor geography are evaluated jointly without assuming that one can substitute
for another? The aim is to construct and apply a transparent regional screening frame-
work to Mexico City, Tabasco, and Yucatdn. The article contributes by (i) positioning a
veto-restricted screening logic relative to green building rating systems and compensatory,
outranking MCDA; (ii) publishing traceable state indicators with explicit temporal and in-
ferential boundaries; (iii) testing threshold sensitivity and the national association between
housing backlog and basic service deprivation; (iv) mapping each regional indicator to a
physical or institutional challenge and a conditional design response; and (v) specifying
project-level simulation, financial, stakeholder, and post-occupancy validation require-
ments. The intended output is a conceptual pre-feasibility screen, not a direct building
decision tool.

2. Materials and Methods
2.1. Comparative Design and Unit of Analysis

The present research uses a structured comparative case design. The primary unit of
analysis is the federal entity because the most recent harmonized official indicators for GDP,
housing deprivation, and mortgage market performance are reported at that scale. Industrial
corridors and metropolitan nodes are treated as implementation geographies nested within
each entity. The three cases were purposefully selected to maximize contrast in climate,
urban structure, productive specialization, and housing conditions rather than to represent
a statistically random sample of Mexico. The design supports analytical comparison and
project screening; it does not estimate a national causal effect.

The assessment has four linked layers. The first characterizes long-run demographic
change and current housing need. The second identifies climatic loads, passive design
priorities, water harvesting potential, and non-negotiable hazards. The third evaluates
market and productive momentum using state GDP, sectoral value added, FDI, labor condi-
tions, and house price appreciation. The fourth combines the preceding evidence through
decision rules that distinguish deployable opportunities, conditional opportunities, and
contexts requiring safeguarded development project pilots. Precision is instead pursued
through provenance, consistent units, transparent derivations, and explicit limitations.

2.2. Data Acquisition, Hierarchy, and Temporal Cut-Off

Data were reviewed through 7 October 2026. The source hierarchy was: (1) official
federal statistics or program records; (2) official state planning documents; and (3) indexed
peer-reviewed literature with persistent identifiers for building performance, decision
analysis, and hazard interpretation. As shown on Table 1, for each indicator, the release,
reference year, unit, and geographic scale were recorded. The most recent comparable

https://doi.org/10.3390/su182111179


https://doi.org/10.3390/su182111179

Sustainability 2026, 18, 11179

40f23

observation was retained, but values from different years were not combined into a single
numerical score.

Table 1. Evidence base, temporal coverage, and analytical use.

Domain Source/Release Reference Year Scale Variables Used
INEGI Population and Housing g Population levels;
Demography Census [19] 1950-2020 State occupied dwellings
Population outlook C.O.N.APO demographlc 2020-2070 State Official pro ]ec.t ion frameworl;
reconciliation and projections [20] validation route
Climate INEGI state climatologies [21-23] Climatological State Climate class; tgmperature;
summary annual rainfall
. INEGI PIBE 2024, released GDP share and growth; sectoral
Production Dec. 2025 [24] 2024 State GVA growth
. SNIIV/SEDATU Housing Backlog Dwellings in the official
Housing backlog 2024 [25] 2018, 2024 State backlog; rate
Housing deprivation INEGI multidimensional-poverty 2004 State Quahty/ space .and. basic
release [26] service deprivations
. SHF House Price Index, . o
Housing market 2026-Q2 [27] 1H 2026 State Year-on-year price appreciation
Data México/Ministry of FDI: 2024; labor: . . .
Investment and labor Economy [28-30] 2026-Q1 State FDL unemployment; informality
Industrial eeoeraph Federal/state/corridor 2023-2050 Corridor Nodes, sectors, logistics,
geography plans [31-34] planning horizons infrastructure

CAGR = compound annual growth rate; PIBE = Producto Interno Bruto por Entidad Federativa (state
GDP); GVA = gross value added; SHF = Sociedad Hipotecaria Federal; FDI = foreign direct investment.

2.3. Derived Indicators

Population change is described with compound annual growth rates (CAGRs), cal-
culated for 1950-2020 and 2000-2020. Unlike a high-order polynomial, the CAGR is in-
terpretable, bounded by observed endpoints, and is not presented as a forecast. Future
population quantities should be taken directly from CONAPO’s cohort-component projec-
tion series [20], not generated by unconstrained extrapolation from eight census points.

CAGR = (P,/Py)¥/n — 1 (1)

where P and P, are the populations at the beginning and end of the interval, and n is the
number of elapsed years.

An indicative current-price state GDP was calculated by multiplying the state share
reported by INEGI by the 2024 national GDP of MXN 33.507 trillion [24]. Because published
state shares are rounded to one decimal place, these monetary values are suitable for scale
comparison and charting but not fiscal reconciliation. Real growth rates, rather than the
approximate nominal amounts, are used to classify productive momentum.

2.4. Non-Compensatory Feasibility Rules

The screening framework adopts non-compensatory decision support without man-
ufacturing cardinal precision from three purposively selected cases. The method differs
from AHP and TOPSIS because it does not elicit weights or calculate distance to an ideal
alternative. It differs from a full PROMETHEE or ELECTRE exercise because it does not
construct pairwise preference functions across a closed set of projects [15,17]. Instead,
declared ordinal bands structure the regional diagnosis, and legally or physically material
service and hazard conditions operate as vetoes. Rapid GDP growth cannot neutralize se-
vere service deprivation, a floodplain, unsafe sanitation, or an unresolved structural hazard.
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Table 2 reports every rule, so another analyst can reproduce or contest the classification
without a hidden coefficient.

Table 2. Decision dimensions, thresholds, and veto logic.

Dimension

Indicator

Classification Rule

Decision Role

Housing need

2024 housing backlog rate

Low < 10%; medium 10-25%;
high > 25%

Sets social demand intensity

Productive/market
momentum

Real GDP growth and SHF
appreciation versus
national benchmarks

Strong: both exceed national;
mixed: one exceeds; weak:
neither exceeds

Enabling condition; never a
veto override

Basic service

Population lacking basic

Low < 10%; moderate 10-25%;

Severe = infrastructure veto

readiness housing services severe > 25% until a funded solution exists
. Heat, flood, hurri , . . .
Climate/hazard _eal, £00d, utleane Pass only after site-specific Unresolved material
: seismic, water quality, or . . .
readiness studies and code compliance hazard = site veto

aquifer risks

Deployment class

Joint reading of the above

Deployable; conditional;
safeguarded pilot/defer

Portfolio recommendation, not
a universal rank

The thresholds are ex-ante screening rules proposed by the authors, not statutory cut-offs. Their
influence was tested by varying each quantitative boundary and national benchmark by +20%. Base
national comparison values are 1.4% real GDP growth in 2024 and 7.9% year-on-year SHF house-price
appreciation in 1H 2026 [24,27]. Hazard vetoes were not relaxed because life safety and essential
service requirements are not exchangeable with market performance.

2.5. Analytical Checks, Scale Boundary, and Temporal Alignment

Two quantitative checks were added. First, the 2024 housing backlog rate was computed
for all 32 federal entities as backlog dwellings divided by total housing stock using SNIIV
records [25]. It was paired with INEGI’s 2024 share of the population lacking basic housing
services [26]. Pearson correlation tests linear association, while Spearman correlation
tests rank monotonicity; two-sided p-values are reported. The analysis was ecological and
cross-sectional: one variable was dwelling-based and the other population-based, so it did
not identify household-level exposure or causality. Second, all quantitative classification
boundaries were varied by £20%, with changes in intermediate and final classes recorded
in Appendix A.

The state was the unit of comparison, and the corridor was an implementation hypoth-
esis, not an observed project site. State results can reject an implausible regional proposition
or establish a due diligence agenda but cannot authorize a dwelling design. Advancement
requires municipal or parcel data on hazards, water and sanitation capacity, land tenure
and value, transport accessibility, household demand, construction cost, and applicable
permits. Temporal alignment is interpretive rather than arithmetic: 2024 housing, depriva-
tion, GDP, and FDI indicators form the principal evidence anchor, while 1H 2026 prices and
2026-Q1 labor conditions are reported as directional market signals and never pooled into a
composite index.

2.6. Translation from Regional Evidence to Project-Level Requirements

Climate evidence is translated into testable pre-design hypotheses rather than universal
construction prescriptions. No hourly building energy simulation was conducted in this
regional study, and no numerical energy, comfort, or moisture benefit is claimed for the
proposed packages. A project advancing beyond screening must compare an intervention
with an otherwise identical code-minimum reference building on the same site, holding
geometry, orientation, occupancy schedules, internal gains, infiltration, ventilation, HVAC
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efficiency and controls, tariffs, and emission factors constant. The protocol must use a
documented current weather file and, where defensible downscaled data are available,
mid-century SSP2-4.5 and SSP5-8.5 weather scenarios; outputs must include hourly opera-
tive temperature, adaptive comfort exceedance, cooling energy, peak demand, and high
humidity exposure. This requirement follows Mexican optimization evidence [35] and
future climate projections for Mexican single-family housing [36].

Regulatory compliance is treated as a minimum requirement, not proof of sustain-
ability. NOM-020-ENER-2011 limits heat gains through residential envelopes [37], while
a 2024 review identifies a broader but fragmented package of mandatory standards, vol-
untary systems, financing programs, and incentives [38]. Mexico’s New Housing NAMA
demonstrates how whole building performance and affordable housing finance can be
linked [39]. The proposed KPI system keeps mandatory compliance separate from stretch
performance and post-occupancy verification.

2.7. Quality Control, Visual Provenance, and Reproducibility

All calculations used displayed units and public source values. The national correla-
tion dataset, threshold sensitivity matrix, and methodological comparison are reported in
Appendix A; the rainwater screening equation and its losses are isolated in Appendix B.
Unconstrained extrapolations and exploratory graphics with incomplete historical meta-
data were not considered in the analysis, as avoiding arbitrary curve fitting ensures greater
methodological validity and analytical rigor. No primary data, resident survey, Delphi panel,
field measurement, or calibrated simulation was conducted; the manuscript is accordingly
framed as a conceptual regional screening study with an explicit validation pathway.

3. Results
3.1. Demographic Trajectory and Housing Need

The long-run population series reveals divergent urbanization trajectories (Table 3).
Between 1950 and 2020, Mexico City grew at an average annual rate of 1.591%, Tabasco at
2.738%, and Yucatan at 2.169%. The recent 20002020 interval is more consequential for
present planning: Mexico City slowed to 0.340% per year, whereas Tabasco and Yucatan
grew by 1.202% and 1.695%, respectively. These rates should not be read as forecasts.
They indicate that housing pressure in Mexico City is increasingly shaped by replacement,
household formation, affordability, and intra-metropolitan location, while southeastern
demand still contains a stronger population growth component [19,20].

Table 3. Observed population change in the three study regions.

Region 1950 2000 2020 CAGR 1950-2020 (%) CAGR 2000-2020 (%)
Mexico City 3,050,442 8,605,239 9,209,944 1.591 0.340

Tabasco 362,716 1,891,829 2,402,598 2.738 1.202

Yucatan 516,899 1,658,210 2,320,898 2.169 1.695

Source: Authors’ calculations from INEGI census endpoints [19]. CAGR was calculated using
Equation (1); no extrapolated population entered the framework.

The national distribution in Figure 1 locates the three cases within Mexico’s highly
uneven settlement distribution. Figure 2 narrows that view to the internal concentration of
each study area. The maps support spatial orientation rather than numerical comparison:
by the use of the specific GHSL layer year used to generate the three heat-map panels, so
their patterns are not treated as contemporaneous population estimates [40].
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Figure 1. Total population by federal entity in the 2020 Census. Source: INEGI [19].
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Figure 2. Population intensity maps of (a) Mexico City, (b) Tabasco, and (c) Yucatan. Base-map
toponyms are proper names and remain unchanged. The source year of the original GHSL layer was
not stored in the manuscript; the panels are descriptive and excluded from the MCDA classification.
GHSL methodology (Pesaresi et al. [40]).

Housing backlog does not follow population size mechanically (Table 4). The offi-
cial indicator, housing backlog, captures dwellings requiring replacement, extension, or
improvement; it measures a defined component of housing inadequacy rather than the
broader construct of total housing needs. Mexico City reduced its backlog from 8.02%
in 2018 to 6.01% in 2024, leaving 182,009 dwellings classified in backlog. Yucatdn im-
proved from 18.64% to 13.94%, with 98,456 dwellings still affected. Tabasco improved by
3.23 percentage points yet remained at 63.78%, 472,099 dwellings, almost two of every three
in the state. Physical and qualitative need, rather than population alone, anchors the social
case for investment [25].

Table 4. Official housing backlog (rezago habitacional) by region, 2018 and 2024.

. 2018 Backlog o 2024 Backlog 2024 Housing o
Region Dwellings 2018 Rate (%) Dwellings Stock 2024 Rate (%) Change (pp)
Mexico City 218,501 8.02 182,009 3,029,724 6.01 -2.01
Tabasco 434,291 67.01 472,099 740,239 63.78 -3.23
Yucatan 112,879 18.64 98,456 706,464 13.94 —4.70

Source: SNIIV/SEDATU [25], based on ENIGH 2018 and 2024 with CONAVI methodology.
pp = percentage points; a negative value denotes improvement.

Original dwelling type and household composition graphics with incomplete historical
retrieval metadata or exploratory curve fitting were not considered in the study to ensure
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greater validity and prevent invalid temporal comparisons, and no value from this metadata
entered the screening framework.

The 2024 deprivation indicators distinguish material adequacy from networked services
(Table 5). Mexico City records 3.7% deprivation in housing quality/space and 5.5% in basic
services. Tabasco records 10.1% and 43.8%, respectively; Yucatan records 9.9% and 30.1%.
This divergence matters because replacing wall or roof materials does not supply safe water,
drainage, electricity, or clean cooking conditions. Basic service deprivation is treated as an
infrastructure constraint rather than a score that can be averaged away [26].

Table 5. Population affected by housing deprivation in 2024.

Region Quality/Space Population Basic Services Population

& (%) (Thousand) (%) (Thousand)
Mexico City 3.70 343.5 5.50 507.7
Tabasco 10.10 263.1 43.80 1143.5
Yucatan 9.90 233.9 30.10 7121

Source: INEGI multidimensional poverty measurement [26], based on ENIGH 2024. National rates
were 7.9% for quality/space and 14.1% for basic services. INEGI flags Yucatdn’s quality/space
estimate and Mexico City’s basic services estimate as having moderate statistical precision (coefficient
of variation from 15% to <30%); small differences should be interpreted cautiously.

Version comparability requires an explicit source note. The 2.4%, 33.8%, and 29.6%
values reported in the earlier manuscript corresponded to the 2022 multidimensional-
poverty estimates produced by CONEVAL from ENIGH 2022, whereas the 5.5%, 43.8%, and
30.1% values used here are the 2024 estimates produced by INEGI from ENIGH 2024 [26].
The institution responsible for producing the data changed after the transfer of poverty
measurement responsibilities, but INEGI retained the CONEVAL methodology to preserve
continuity of the official series. The numerical differences are therefore a 2022-to-2024
update based on successive ENIGH rounds, not competing estimates for the same year or
an author-defined record. Only the 2024 values enter the cross-sectional screen, and the
differences are not interpreted as evidence of a causal policy effect.

Across all 32 federal entities, the 2024 housing backlog rate and basic service depri-
vation were strongly associated (Pearson r = 0.816, p = 1.27 x 10~8; Spearman p = 0.693,
p = 1.12 x 10~%; n = 32). These results move the diagnosis beyond the three-case descrip-
tion: entities with more dwellings in official backlog also tend to contain larger population
shares without basic housing services. They do not establish causality, and the differ-
ing denominators prohibit household-level inference. The full audit table is reported in
Appendix A [25,26].

3.2. Climate, Water Yield, and Binding Physical Risks

Table 6 converts state climate summaries into a compact regional screen. Mexico
City’s temperate subhumid profile permits mixed-mode hypotheses, although the regional
mean conceals urban canyon, heat island, and altitude gradients. Geospatial evidence for
metropolitan Mérida confirms that state-average temperature is insufficient for neighbor-
hood design [41]. In Tabasco, heat, humidity, rainfall, and flood exposure shift the priority
toward solar exclusion, air movement, moisture durability, and flood-safe site planning [42].
In Yucatén, heat and hurricane resilience interact with karst hydrogeology; observed salin-
ization mechanisms reinforce the need to protect recharge and prevent sanitation solutions
from exporting contamination to the aquifer [43].
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Table 6. Climatic screening and gross rooftop rainwater yield estimate.
Mean Annual Annual Gross
Region Dominant Climate T ture (°C) Precipitation Used Screening Yield: Primary Physical Obstacle
emperature (mm) 100 m? Roof (m3/y)
Mexico  Temperate subhumid 16 850 68 Heat island, seismic, air-quality, and
City (87%) site drainage study
Warm humidity Flood level, drainage outfall, moisture,
Tabasco (95.5%) 27 2550 204 and storm resilience
. Warm subhumid Hurricane wind, karst/aquifer
Yucatdn (85.5%) 2 1100 88 protection, heat, and storage reliability
Sources: INEGI state climatologies [21-23]. Gross yield was calculated with Equation (A1), A = 100 m?
and C, = 0.80. Mexico City’s 850 mm is the midpoint of the official 600-1200 mm state range and is
only a screening value. The estimate excludes first flush, leakage, conveyance and treatment losses,
tank overflow, dry-season reliability, demand timing, and water quality rejection; Appendix B gives the
complete boundary.

Annual precipitation volume is not a service performance result. Tabasco has the
largest gross yield but also the strongest flood and drainage constraints; Yucatdn’s aquifer
sensitivity increases the importance of safe non-potable substitutions; and Mexico City’s
lower yield may still be useful under intermittent supply. Any project claim requires a daily
rainfall-demand balance, tank sizing, first-flush and treatment design, overflow routing,
and water quality monitoring. The values in Table 6 cannot support claims of potable supply,
autonomy, or annual demand coverage [44].

3.3. Productive Momentum, Market Pressure, and Labor Structure

The economic indicators do not produce the same ordering as the housing indica-
tors (Table 7). Mexico City accounts for 15.0% of national GDP—approximately MXN
5.03 trillion at current prices—and increased by 2.1% in real terms in 2024. Its tertiary
GVA grew by 2.5%, while secondary GVA contracted by 1.0%. Yucatan is much smaller, at
1.6% of national GDP (approximately MXN 0.54 trillion), but recorded the strongest real
growth (3.9%), with positive secondary and tertiary activity. Tabasco accounts for 2.1%
(approximately MXN 0.70 trillion), yet its real GDP contracted by 6.5% and secondary GVA
by 12.2%, illustrating the volatility of a hydrocarbon-exposed productive base [24].

Table 7. Economic, investment, labor, and housing-market KPIs for industrial and bioclimatic housing
potential development.
. . . National
KPI (Year) Mexico City Tabasco  Yucatan Benchmark
Share of national GDP, % (2024) 15.00 2.10 1.60 100.00
Indicative current-price GDP, MXN tn (2024) 5.03 0.70 0.54 33.51
Real GDP growth, % (2024) 2.10 —6.50 3.90 1.40
Secondary GVA growth, % (2024) —1.00 —12.20 1.80 —0.40
Tertiary GVA growth, % (2024) 2.50 3.30 4.10 2.30
FDI, USD bn (2024) 14.40 0.38 0.15 n.a.
Unemployment, % (2026-Q1) 3.98 3.53 1.55 n.a.
Labor informality, % (2026-Q1) 44.20 66.20 59.30 n.a.
SHF house price appreciation, % y/y (1H 2026) 3.90 6.60 9.60 7.90

Sources: GDP and GVA [24]; FDI and labor [28-30]; house prices [27]. Indicative GDP is derived
from the rounded state share multiplied by national GDP of MXN 33,506,847.

House price behavior adds a demand and affordability signal. In the first half of 2026,

the national SHF index increased by 7.9% year on year. Yucatén exceeded that benchmark at
9.6%, Tabasco reached 6.6%, and Mexico City 3.9% [27]. Price acceleration is not evidence
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of social feasibility: it may reflect demand depth, supply constraints, land speculation, or a
change in transaction mix. Its interpretation is paired with FDI and labor market structure.
Mexico City attracted US$14.4 billion in FDI in 2024 and had the lowest informality among
the three cases (44.2% in 2026-Q1). Tabasco and Yucatédn received US$384 million and
US$148 million, respectively, while informality remained 66.2% and 59.3% [28-30]. High
informality weakens conventional mortgage eligibility even where economic activity and
housing demand are strong.

Applying the ex-ante rule yields strong productive/market momentum for Yucatan
because both real GDP growth and house price appreciation exceed the national benchmarks.
Mexico City is mixed: output growth is above the national rate, but price appreciation is
below it. Tabasco is weak under the stated rule because both are below the benchmark. The
classification is diagnostic, not an assessment of social need. Tabasco exhibits the weakest
current momentum and by far the greatest housing backlog; a conventional market-led
solution is poorly matched to this risk profile.

3.4. Qualitative Climate Response Envelope

Figure 3 is shown only as a qualitative comparison of the temperature-humidity
regimes The underlying weather file identity, year, time step, missing data treatment, occu-
pancy, and calibration record were not preserved. The point clouds cannot be interpreted
as hourly comfort, energy demand, or intervention performance, and the overlaid strategy
regions are heuristic rather than code or simulation outputs.

Bioclimatic Strategy Map
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Figure 3. Qualitative temperature-humidity regime comparison and heuristic strategy overlay. The
graphic is not a building simulation and is excluded from quantitative inference [35,36].

3.5. Industrial Corridors as Housing Implementation Geographies

State averages become actionable only when attached to specific employment geogra-
phies. Table 8 identifies corridor-scale propositions. In Mexico City, the Vallejo-Azcapotzalco
master plan provides a brownfield and innovation setting in which housing can be coupled
with regeneration and public transport rather than peripheral expansion [31]. In Tabasco,
the Villahermosa—Nacajuca—Cunduacan axis and Paraiso/Dos Bocas connect service em-
ployment, agroindustry, chemicals, energy, and logistics. The state’s 2024-2044 industrial
development process emphasizes agroindustry, chemicals, renewables, and automotive ca-
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pabilities, but housing delivery must be insulated from single-project volatility and synchro-
nized with drainage and services [32]. In Yucatan, the Uman-Mérida—-Hunucma-Progreso
axis connects industrial estates, the metropolitan labor market, the port, and logistics; state
planning also identifies an eastern Valladolid—Chichén Itz& corridor [33]. The 2025-2050
industrial strategy strengthens this geography through talent, sustainable productive in-

frastructure, innovation, value-chain integration, and investment attraction [34].

Table 8. Industrial potential zones and green housing propositions.

Non-Negotiable

Region Priority Geography Productive Rationale Housing Proposition Requirements
Vallejo—Azcapotzalco Advalr; ceic;ﬁscegvmes, Mid-rise infill, adaptive Contaminated land, seismic,
Mexico City and transit-accessible & o reuse, rental and workforce heat island, air quality, and
' manufacturing renewal, . . .
brownfields housing near mass transit displacement assessment
large employment base
. Energy/logistics plus Clustered resilient pilots FIOOC.I mpdel, legal
Villahermosa— . .9 o water/sanitation, all-weather
. . diversification toward for workers and existing )
Tabasco Nacajuca-Cunduacan; ;i . . : access, drainage O&M
) agroindustry, chemicals ~communities; phased with . .
Paraiso/Dos Bocas . (operation and maintenance),
and renewables services
demand stress test
UmAn_Mérida—Hu- Port/ loglstl.cs, Mlxe.d-ter.lure workforc.e Aqul.fer and k.arst study,
. . i manufacturing, housing linked to transit hurricane design, water
Yucatdn nucma-Progreso; . . . S
) . metropolitan growth, and services; avoid balance, heat mitigation,
Eastern Valladolid axis o . . - 10
value-chain integration speculative dormitories affordability covenant
Sources: corridor and industrial planning documents [31-34].
3.6. Region-Specific Bioclimatic Design Packages
The design response follows a passive-first hierarchy, but each recommendation must
be traceable to a screening trigger rather than imported from a generic climate checklist.
The indicator-to-response matrix in Table 9 is grounded instead in the cited climate and
building literature and in a project-level verification protocol. Table 9 links the measured
regional condition to its mechanism, a conditional pre-design response, and the evidence
required before tender. The responses are hypotheses for project testing; none is presented
as a modeled energy or comfort result.
Table 9. Traceable indicator-to-design-response matrix.
. . . . . Conditional Pre-Design Validation Before
Region Screening Trigger Binding Mechanism Response Tender
Consolidated market Parcel hazards and
Backlog 6.01%; services  and services favor infill, Transit-linked infill /retrofit; contamination; hourly
. 5.5%; GDP +2.1%; price but land cost, external shading; controlled current/future weather
Mexico o . . L Lo o .
Cit +3.9%; heat island, overheating, seismic east/west glazing; insulated model; seismic design;
y seismic, and air quality =~ demand, pollution, and  roof; mixed mode only when indoor air quality and
risks displacement can outdoor air and noise permit overheating; affordability
dominate and displacement audit
. .+ ... Coupled flood/drainage and
Backlog 63.78%; Need is high, but Small serv1cejs.e cured pilots; access model; legal
) o . M. flood-safe siting; shaded e .
services 43.8%; GDP drainage, sanitation, . . . water/sanitation capacity;
o) . ) i openings; ventilated reflective . : )
Tabasco —6.5%; 2550 mm/y; moisture, access, and . wind-driven rain and
. roof; drained and i
recurrent flood volatile demand can ) ) hygrothermal tests; verified
) mold-resistant assemblies; .
exposure prevent safe scaling . employer/community
protected cistern demand
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Table 9. Cont.

Conditional Pre-Design Validation Before

Region Screening Trigger Binding Mechanism Response Tender
Backlog 13.94%; Growth can outpace Phased corridor housing; Future wea.ther ov.erheatmg;
. L. shaded narrow hurricane wind;
services 30.1%; GDP water, sanitation, . .
) o o . 1 plans/courtyards; high-albedo karst/geotechnical study;
Yucatan +3.9%; price +9.6%; affordability, and ! . .
. T insulated roof; deep overhangs;  daily water balance; aquifer
heat, hurricane, thermal capacity in a ] e . :
karst/aquifer risks vulnerable aquifer fans; sealed sanitation; safeguards; transit and
recharge-safe drainage affordability covenant
Triggers use Tables 4-7; response mechanisms synthesize climate evidence [21-23], Mexican build-
ing research [35,36], and hazard evidence [41-43]. Numeric dimensions, assemblies, and system
capacities remain project specific and require the protocol described in Section 2.6.
3.7. Integrated Feasibility and Portfolio Decision
The integrated results are deliberately presented as portfolio classifications rather
than as a league table (Table 10). Mexico City is deployable for targeted infill, retrofit,
and brownfield workforce housing because its service barrier and housing backlog are
comparatively low, its economy is large, and employment accessibility can be improved
through location. The priority is not extensive greenfield construction; it is decarbonizing
and expanding useful housing within an already consolidated urban fabric while preventing
displacement.
Table 10. Non-compensatory feasibility synthesis.
Region Evidence Profile Binding Constraint Recommended Portfolio Decision Class
. Backlog 06'01 /(.’; services Land/affordability, seismic Transit-linked infill, retrofit, .
Mexico 5.5%; mixed . . A . . . Deployable with
. risk, heat island, air quality, = adaptive reuse, mixed-tenure
City momentum; large displacement workforce housin parcel-level safeguards
GDP/FDI base P &
Backlog 63.78%; Funded drainage and Small resilient pilots tied to Safeguarded pilot; defer
Tabasco services 43.8%; weak services, flood-safe access, public infrastructure and large-scale implementation
base momentum; high diversified demand, verified employer/community  until mandatory conditions
rainfall/flood exposure maintenance capacity demand are met
Backlog 13.94%; Aquifer/karst capacity, Phased corridor housing with
Yucatan services 30.1%; strong heat, hurricanes, water balance, transit, mixed Conditional growth

momentum; rapid price

infrastructure lag,

tenure, and affordability

opportunity

growth

affordability covenants

Classification follows Table 2. Economic opportunity is an enabling condition; severe service deficits
and unresolved material hazards retain veto power.

Tabasco is a high-need but safeguarded pilot case. Its extraordinary housing backlog
creates a strong social rationale, yet severe basic service deprivation, weak current productive
momentum, and flood exposure make a rapid private market rollout vulnerable to failure.
Public investment, concessional finance, community participation, verified drainage, and
diversified demand must precede scale. Yucatdn has the clearest growth-linked market
opportunity, but it remains conditional because basic service deprivation is severe and
cumulative growth can intensify aquifer contamination, urban heat, land speculation, and
hurricane exposure. Even the region with the strongest headline growth requires the
strictest resource capacity accounting.

3.8. Threshold Sensitivity

The £20% test leaves every final portfolio class unchanged (Appendix A Table A2).
Mexico City’s backlog and service conditions remain low, and its momentum remains mixed.
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Tabasco retains a high backlog and severe basic service deprivation under every threshold.
Only the intermediate momentum label changes from weak to mixed when the national
house price benchmark is relaxed from 7.9% to 6.32%, because Tabasco’s 6.6% appreciation
then exceeds it. Yucatdn retains a medium backlog, severe basic service deprivation, and
strong momentum even under the strictest values: its 30.1% service deprivation remains
above the upper severe threshold of 30.0%, and its 9.6% price increase remains above the
upper benchmark of 9.48%. Hazard and service vetoes preserve the integrated result despite
the one change in Tabasco’s enabling indicator.

This stability does not validate the thresholds as universal policy cut-offs. It shows only
that the case interpretation is not an artifact of modest boundary movement. Recalibration
with municipal distributions, stakeholder preferences, and observed project outcomes
remain necessary before operational use.

The threshold exercise must not be read as normative validation. All cut-offs and KPI
targets remain author-proposed screening hypotheses. The £20% perturbation demon-
strates only that the three case labels are locally stable within the tested range; it does not
establish social legitimacy, legal authority, optimality, or external validity. Operational
adoption requires stakeholder elicitation and recalibration against municipal distributions
and observed project outcomes before any cut-off can guide procurement or policy.

4. Discussion
4.1. Why Climatic Fit and Market Potential Must Be Evaluated Together

The comparison separates three analytical objects that are often conflated. A GBRS asks
how a specified asset performs against credits or weighted criteria [14]; building MCDA
selects among defined technical alternatives [16,17]; the present screen asks whether a
region—corridor proposition is sufficiently credible to justify those more data-intensive
exercises. Mexico City advances because essential-service deprivation is low and location
can improve access. Tabasco does not advance to scale because extreme housing need
coexists with infrastructure and flood constraints. Yucatdn advances conditionally because
productive momentum is favorable, while water, heat, hurricane, and affordability capacities
remain binding. The methods are complementary rather than interchangeable.

House price appreciation is retained as a market pressure signal, not proof of social
feasibility. Yucatdn’s 9.6% increase may indicate demand depth, supply constraints, specu-
lation, or a shifting transaction mix; Mexico City’s lower increase coexists with much larger
absolute GDP and FDI; and Tabasco’s 63.78% backlog does not imply mortgage-qualified
demand. This distinction is consistent with resident-adoption research, which locates ac-
ceptance in perceived value, information, norms, and household constraints rather than in
technical attributes alone [18].

4.2. Industrial Corridors, Accessibility, and a Just Housing Transition

Industrial policy can improve housing feasibility by concentrating employment, infras-
tructure, and fiscal attention, but only when housing is planned as part of the productive
system. A corridor that attracts firms without delivering affordable homes near jobs trans-
fers costs to workers through longer commutes, overcrowding, or informal peripheral
settlement. A housing project built in anticipation of employment that does not material-
ize creates vacancies and stranded infrastructure. The corridor strategies require verified
employer demand, multimodal travel time analysis, tenure diversity, and staged delivery
rather than a one-time forecast.

The cases imply different industrial housing contracts. Vallejo can exchange land-value
uplift for affordable units, retrofit, public realm, and energy upgrades. Tabasco requires
risk-sharing instruments that survive commodity cycles and assign long-term drainage
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and maintenance responsibilities. Yucatdn requires infrastructure concurrency; permits
and unit delivery should be tied to demonstrable water, sanitation, mobility, and aquifer
capacity. These conditions transform sustainability from a catalog of technologies into a
governance arrangement that distributes benefits, risks, and maintenance obligations across
developers, employers, governments, financiers, and residents.

4.3. Performance Baselines, Cost, and Financing

A credible procurement model must compare measured outcomes against a declared
reference. For Table 11, the reference building is an otherwise identical, code-minimum
conventional project on the same site, evaluated with the same geometry, orientation,
weather file, occupancy, internal gains, infiltration, ventilation, HVAC efficiency and controls,
tariffs, emission factors, and analysis period. Only the proposed intervention variables may
differ. This controlled baseline prevents an efficient design from being credited for lighter
occupancy, different weather, or a more efficient system that was already embedded in the
comparator. Renewable systems remain downstream of demand reduction and require

explicit financing, maintenance, and resident engagement plans [45].

Table 11. Project validation protocol, baselines, and KPIs.

Baseline Definition and

Source/Verification

Pillar KPI and Unit Calculation Decision Criterion Method
Project envelope heat Mandatory NOM-020 [37]; signed
Envelope Heat-gain ratio (-) gain/same-site NOM-020 threshold < 1.00; model; design/as-built
reference envelope proposed stretch < 0.80 audit
Same geometry, weather, Proposed Hourly
Thermal autonomy . o . current/future-weather
Comfort o . schedules, gains, ventilation, = +20 percentage points
(% occupied h) . model; 12-month
and declared comfort model vs. baseline
logger sample
Cooling Hourly model;
Ener Cooling EUI electricity/conditioned area; Proposed >25% below Commi};sionin 4
8y (KWhm=2y™1) same setpoints, COP, controls, baseline , &
calibrated submetering
and occupancy
Occupied hours above Hverothermal model:
Moisture High-RH exposure assembly-specific mold-risk Minimize; threshold y;gn door Sensors: ’
(h/y) RH threshold under declared before bid . . ’
same loads inspection
Operational GHG Metered energy x disclosed Proposed >30% below Utility data; fé}C’fOI‘S and
Carbon o1 current factors/area; same . boundary disclosed
(kg COem™2y ) . baseline
service levels annually
Potable-use reduction 1 — project potable Proposed >20%; no Er{d -gse.model;
Water o use/same-occupancy commissioning; meters
(%) . ) ) health-code trade-off ;
conventional-fixture baseline where feasible
Supply reliabilit Daily target demand met after ~ Project specific; water ~ Daily balance; overflow
Rainwater p}()o/y days) y losses, tank limits, first flush, quality requirements route; tank and
o day and quality rejection mandatory quality logs
e Material hazard Par;el—speaﬁc f.IOOd' w%nd, All Crlt.er_1a must be Independent discipline
Resilience . . seismic, geotechnical, drainage, satisfied; no ; .
screening (pass/fail) - . reviews and permits
and access criteria compensation
Housing + utilities + rs )
. Underwriting; tariff
<30% !
Affordability Total burden mandatory maintenance + Proposed <30%, tested scenarios; resident

(% disposable income)

transport for declared
household segment

by income segment

validation
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Table 11. Cont.
Pillar KPI and Unit Baseline Deﬁn.ltlon and Decision Criterion Source/ Verification
Calculation Method
. Peak trans1t/w§lk network Demonstrated GIS model with
s Jobs reachable in from project vs. . .
Accessibility . . improvement without schedules and
45 min (count/share) current-resident or local . e
) displacement sensitivity
baseline

' . Affordable unit ' Compliant occup'led ) . Annual registry,
Equity/delivery e units/covenanted units over 100% retention occupancy, and
retention (%) . .

covenant term compliance audit

Targets are author-proposed procurement hypotheses, not empirical findings, validated thresholds, or
substitutes for law. Baselines and methods must be frozen before bidding and audited after occupation.
EUI = energy use intensity; GHG = greenhouse gas; RH = relative humidity; GIS = geographic
information system; COP = coefficient of performance.

Financial screening must join incremental capital expenditure with energy, water,
transport, maintenance, replacement, and financing cash flows. The KfW ex post evaluation
of EcoCasa II provides an order-of-magnitude historical benchmark, not a current project
price: the average supported floor area was 47.27 m?, modeled savings were 41 kWh/m?-y
of electricity and 16 kWh/m?-y of gas, and energy-saving technologies added approximately
EUR 500-5000 depending on the climate and package. Under the evaluation’s assumptions,
a EUR 500 household investment amortized in the best case after five years and normally
after ten years or more; carbon-value examples yielded 15-30 years for EUR 500-1000, while
modeled public electricity subsidy savings implied about four years for EUR 500. Observed
savings were lower than modeled because workmanship, operation, later modification,
and rebound violated several assumptions [46]. These figures define a plausibility range
and a warning against transferring modeled savings, not a cost estimate for the three
study regions.

NPV = —ACAPEX + %, _ ;T [(AB; — AC,)/(1 + )] (2)

where NPV is the incremental net present value, ACAPEX is the incremental initial cost,
AB, represents the verified energy, water, transport, and maintenance savings in year t, AC;
represents the incremental operating and replacement costs, r is the real discount rate, and
T is the analysis horizon. Every appraisal should disclose currency and price year, taxes
and subsidies, financing terms, escalation, replacement lives, residual value, vacancy, and
sensitivity to tariffs, discount rate, and realized performance. Payback, internal rate of
return, and affordability should be reported alongside NPV, not used as substitutes for it.

Equation (2) is a prospective appraisal template. This study does not provide region-
specific capital costs, operating cash flows, discount rates, embodied-carbon inventories,
hourly energy outputs, or numerical NPV results for Mexico City, Tabasco, or Yucatan. No
claim of project profitability, payback, or carbon performance is therefore made.

4.4. Validation Pathway, Transferability, and Limitations

The framework remains unvalidated as a project decision instrument. Its evidence
is public, aggregate, and secondary; no resident, developer, municipal, financier, or util-
ity stakeholder participated in selecting criteria or thresholds. State indicators cannot
resolve parcel suitability, household willingness to pay, network headroom, construction
cost, embodied carbon, political acceptability, or hourly building performance. The na-
tional correlation strengthens construct plausibility at state scale but is ecological, cross-
sectional, and non-causal. The sensitivity test establishes local classification stability, not
universal validity.
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Operational validation should proceed in four stages. Stage 1 is a two-round Delphi or
structured workshop with residents, municipalities, developers, utilities, financiers, and
independent climate, housing, and hazard experts to revise criteria, cut-offs, vetoes, and
acceptable trade-offs. Stage 2 applies the revised framework retrospectively to completed
projects with known delivery and performance outcomes. Stage 3 tests one pilot in each
region using parcel data, life-cycle cost and carbon, current and future weather, and inde-
pendently reviewed hazard studies. Stage 4 compares predicted and observed energy, water,
comfort, maintenance, affordability, and resident acceptance for at least 12 months. Resident
evidence is indispensable because technical performance does not establish adoption [18],
while applied outranking studies show that criteria and preference structures must be
co-defined with decision actors [17].

Transfer requires recalibration. The framework is usable where harmonized subna-
tional data exists and where essential service and life safety vetoes can be stated transparently.
It should not be transferred unchanged across countries, municipalities, tenure systems, or
climates: indicator definitions, price and income segments, weather files, hazards, codes,
service institutions, and stakeholder priorities must be reconstructed locally. Future climate
performance remains unquantified in this study; SSP2-4.5 and SSP5-8.5 testing is a required
next step, not a reported result. Scaling should follow demonstrated performance across
relevant hot, wet, and dry seasons rather than construction completion alone.

The four-stage pathway specifies future work rather than completed study activities.
No stakeholder elicitation or Delphi process, retrospective application, regional pilot, or post-
occupancy comparison has yet been conducted. The proposed sequence is methodologically
explicit, but its correctness and practical utility remain to be tested through the stages
described above.

5. Conclusions

This study contributes a regional pre-feasibility screen that keeps economic opportunity,
social need, climate, services, and hazards analytically distinct. The 32-entity audit identified
a strong state-level association between housing backlog and basic service deprivation, while
the +20% sensitivity test preserved all three portfolio classes. These checks strengthen
the internal logic of the screening result without converting it into causal evidence or
project validation.

Mexico City supports parcel-screened infill, retrofit, and adaptive reuse near employ-
ment because measured backlog and service deprivation are low, subject to affordability,
seismic, heat, air quality, and displacement controls. Tabasco supports only small, service-
secured and flood-verified pilots until requirements for drainage, sanitation, access, mainte-
nance, and demand are satisfied. Yucatdn supports phased corridor housing, conditional
on meeting the requirements for aquifer protection, sanitation and water capacity, future
weather overheating risk, hurricane-resistant design, mobility, and affordability. Table 9
identifies the evidence chain from each trigger to each conditional response.

These regional labels are not parcel- or municipal-level recommendations. They iden-
tify propositions that may proceed to due diligence, not locations authorized for infill, pilots,
or corridor housing. Any implementation claim must be reconstructed with municipal and
parcel evidence on hazards, infrastructure capacity, tenure, accessibility, demand, costs,
permits, and community preferences. Until those conditions are demonstrated, the terms
“supports,” “deployable,” and “conditional” denote screening status only.

The framework’s practical value lies in what it refuses to infer. GDP, FDI, price appre-
ciation, annual rainfall, and a qualitative climate graphic cannot validate an unsafe site,
an unserved settlement, or an unmodeled building. Advancement requires a controlled
reference building, hourly current and future weather analysis, parcel-level hazard and
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infrastructure evidence, transparent life-cycle finance, stakeholder revision of the rules, and
post-occupancy measurement.

The framework should be treated as an auditable gateway to that work. Its claims
end at regional screening; its scientific test will be whether independently evaluated pilots
reproduce the predicted ordering of risks, pass the non-compensatory requirements, and
deliver verified comfort, affordability, resilience, and resource outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

Abbreviation  Definition

CAGR Compound annual growth rate

CONAPO Consejo Nacional de Poblacion

EUIL Energy use intensity

FDI Foreign direct investment

GDP Gross domestic product

GHG Greenhouse gas

GIS Geographic information system

GVA Gross value added

INEGI Instituto Nacional de Estadistica y Geografia
MCDA Multi-criteria decision analysis

NAMA Nationally Appropriate Mitigation Action
O&M Operation and maintenance

PIBE Producto Interno Bruto por Entidad Federativa
RH Relative humidity

SEDATU Secretarfa de Desarrollo Agrario, Territorial y Urbano
SHF Sociedad Hipotecaria Federal

Appendix A. National Audit, Sensitivity, and
Methodological Positioning

Table Al reports the complete cross-sectional audit used for the national association
test. Backlog is expressed as a share of dwellings; basic service deprivation is expressed
as a share of people. The table is supplied for reproducibility and charting, but the unit
mismatch must remain visible in any reuse.
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Table A1l. Housing backlog and basic service deprivation across Mexico’s 32 federal entities, 2024.

Federal Entity Backlog Dwellings  Housing Stock Backlog Rate (%)  Basic Services (%)
Aguascalientes 16,755 430,980 3.89 4.9
Baja California 474,035 1,188,652 39.88 8.4
Baja California Sur 58,987 275,159 21.44 13.1
Campeche 115,596 270,527 42.73 28.5
Chiapas 1,010,514 1,527,562 66.15 48.6
Chihuahua 441,301 1,216,358 36.28 5.6
Ciudad de México 182,009 3,029,724 6.01 55
Coahuila de Zaragoza 88,072 1,010,678 8.71 5.5
Colima 54,659 241,824 22.60 7.1
Durango 106,894 532,752 20.06 11.2
Guanajuato 221,803 1,746,818 12.70 8.3
Guerrero 484,667 990,805 48.92 47 .4
Hidalgo 157,728 964,225 16.36 19.4
Jalisco 196,356 2,622,667 7.49 5.8
Michoacédn de Ocampo 385,276 1,407,871 27.37 19.5
Morelos 114,985 598,036 19.23 12.9
Meéxico 533,829 5,039,462 10.59 7.7
Nayarit 80,646 385,341 20.93 9.7
Nuevo Ledén 106,370 1,843,783 5.77 1.8
Oaxaca 608,586 1,196,565 50.86 46.7
Puebla 403,118 1,865,054 21.61 234
Querétaro 76,539 741,325 10.32 7.4
Quintana Roo 74,772 590,284 12.67 11.5
San Luis Potosi 135,358 833,815 16.23 20.5
Sinaloa 78,259 939,698 8.33 11.2
Sonora 263,290 941,596 27.96 11.2
Tabasco 472,099 740,239 63.78 43.8
Tamaulipas 129,401 1,107,790 11.68 8.3
Tlaxcala 34,795 401,022 8.68 114
Veracruz de Ignacio de la Llave 1,090,501 2,493,877 43.73 36.2
Yucatan 98,456 706,464 13.94 30.1
Zacatecas 85,889 475,089 18.08 7.1
Sources: SNIIV/SEDATU housing backlog [25] and INEGI multidimensional poverty measure-
ment [26]. Backlog rate = backlog dwellings/housing stock x 100. Pearson r = 0.816 (p = 1.27 x 10-8);
Spearman p = 0.693 (p = 1.12 x 107%); n = 32. The associations are ecological and non-causal.
Table A2. Threshold-sensitivity record for the three focal cases.
Case Backlog Band Service Band Momentum Under £20% Final Portfolio Class
Mgﬁl;o Low throughout Low throughout Mixed throughout ];efgéi};izl; :ﬁfﬁgﬁ;ﬂ
Weak at base/strict; mixed Safecuarded pilot:
Tabasco High throughout Severe throughout only at relaxed price & pLiob
benchmark unchanged
Yucatdin =~ Medium throughout  Severe throughout Strong throughout Conditional growth

opportunity; unchanged

Ranges tested: low backlog threshold 8-12%; high backlog threshold 20-30%; low service threshold
8-12%; severe basic service deprivation threshold 20-30%; GDP benchmark 1.12-1.68%; house price
benchmark 6.32-9.48%. Hazard vetoes were held constant.
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Table A3. Position of the proposed screen relative to common assessment approaches.
Approach Aggregation Compensation Primary Input/Validation Appropriate Role
Burden
GBRS/credit Credits or weighted . Detal.led asse.t - Asset-level rating or
5 Often partial documentation; certification e
systems [14] indicators certification
protocol
Weichts and Pairwise preferences; defined Rank detailed
AHP/TOPSIS [15] . °8 . Generally yes alternatives and performance alternatives when
ideal-distance ranking h
matrix trade-offs are accepted
Weighted /fuzzy Hierarchical weights Generally ves Indicator membership, field Operational system
evaluation [16] and fuzzy synthesis Yy data, and calibrated weights  performance diagnosis
Outranking with Preference functions, Detailed choice, sorting,
PROI}AIEE E};Elgi:LEC- thresholds; vetoes Controllable thresholds, stakeholder or incomparability
! possible elicitation analysis
Proposed regional Ordinal bands plus Not across Harmonized public regional Farly triage and

due-diligence agenda;
not certification

The proposed method sacrifices a universal rank to preserve transparent exclusion conditions. AHP,
TOPSIS, PROMETHEE, or ELECTRE becomes appropriate once actual project alternatives, stakeholder

preferences, and performance data exist.

The following tables are intentionally arranged for direct chart production. Table A4

uses long format for line charts. Table A5 uses long format for grouped housing backlog

charts. Table A6 separates indicator, unit, year, and geography so economic variables can

be filtered without mixing scales.

Table A4. Chart-ready observed population series, long format.

Region Year Population
Mexico City 1950 3,050,442
Mexico City 1960 4,870,876
Mexico City 1970 6,874,165
Mexico City 1980 8,831,079
Mexico City 1990 8,235,744
Mexico City 2000 8,605,239
Mexico City 2010 8,851,080
Mexico City 2020 9,209,944

Tabasco 1950 362,716

Tabasco 1960 496,340

Tabasco 1970 768,327

Tabasco 1980 1,062,961

Tabasco 1990 1,501,744

Tabasco 2000 1,891,829

Tabasco 2010 2,238,603

Tabasco 2020 2,402,598

Yucatan 1950 516,899

Yucatin 1960 614,049

Yucatin 1970 758,355

Yucatan 1980 1,063,733

Yucatan 1990 1,362,940

Yucatan 2000 1,658,210

Yucatin 2010 1,955,577

Yucatin 2020 2,320,898

Source: INEGI [19]. Values are observed census counts; no modeled forecast is mixed into the series.
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Table A5. Chart-ready housing backlog series, long format.
Region Year Backlog Dwellings  Backlog Rate (%)
Mexico City 2018 218,501 8.02
Mexico City 2024 182,009 6.01
Tabasco 2018 434,291 67.01
Tabasco 2024 472,099 63.78
Yucatan 2018 112,879 18.64
Yucatén 2024 98,456 13.94

Source: SEDATU/SHF [25], based on ENIGH 2018 and 2024 with CONAVI methodology. Use rates
for cross-region comparison and counts for delivery scale; do not plot both on an unlabeled single
axis. Tabasco’s change is —3.23 pp from displayed rates and —3.24 pp in the official bulletin because

the latter uses unrounded estimates.

Table A6. Chart-ready productive and market indicators, long format.

Indicator Unit Period Geography Value
GDP share % national GDP 2024 Mexico City 15.0
GDP share % national GDP 2024 Tabasco 2.1
GDP share % national GDP 2024 Yucatan 1.6
Real GDP growth % 2024 Mexico City 2.1
Real GDP growth % 2024 Tabasco —6.5
Real GDP growth % 2024 Yucatan 3.9
Real GDP growth % 2024 National 14
Secondary GVA growth % 2024 Mexico City -1.0
Secondary GVA growth % 2024 Tabasco -12.2
Secondary GVA growth % 2024 Yucatan 1.8
Secondary GVA growth % 2024 National -0.4
Tertiary GVA growth % 2024 Mexico City 2.5
Tertiary GVA growth % 2024 Tabasco 3.3
Tertiary GVA growth % 2024 Yucatén 4.1
Tertiary GVA growth % 2024 National 2.3
FDI USD billion 2024 Mexico City 14.400
FDI USD billion 2024 Tabasco 0.384
FDI USD billion 2024 Yucatan 0.148
Labor informality % 2026-Q1 Mexico City 442
Labor informality % 2026-Q1 Tabasco 66.2
Labor informality % 2026-Q1 Yucatan 59.3
House price appreciation %y/y 1H 2026 Mexico City 3.9
House price appreciation %yly 1H 2026 Tabasco 6.6
House price appreciation %y/y 1H 2026 Yucatén 9.6
House price appreciation %y/y 1H 2026 National 79

Sources and definitions are identical to Table 7 [24]. The Unicode minus sign denotes negative growth.
Keep indicators in separate panels or normalize explicitly; their units are not interchangeable.

Appendix B. Rainwater Screening Calculation and Boundary

The gross annual rooftop volume in Table 6 is retained only to translate regional
precipitation into a common catchment unit. It is calculated as:

Ygross = (P x A x C,)/1000 (A1)

where Ygross is the gross annual yield (m?/y), P is the annual precipitation (mm), A is the
roof area (m?), and C, is the screening runoff coefficient. The standardized assumptions
A =100 m? and C, = 0.80 yield 68, 204, and 88 m?/y for Mexico City, Tabasco, and Yucatan.
A design value would require a daily rainfall series and explicit terms for first flush, roof
and conveyance loss, treatment rejection, tank overflow, dry-period carryover, non-potable

https://doi.org/10.3390/su182111179
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demand timing, pump energy, overflow routing, and water quality compliance. No storage
volume or service reliability is inferred here. Distributional and institutional effects should
also be evaluated [44].
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