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Walkability, Mixed-Use Methqdologically, a_ _mi>_<ed_—method.s _approach blends quar)titgti\{e modeli_ng
(drawing on walkability indices, emissions data, and economic indicators) with
qualitative case study analysis of cities like Barcelona (superblocks), Portland, and
Riyadh (as a contrasting developing-city context). Numerical results demonstrate
measurable reductions in vehicle emissions (up to 37 %), increased economic
productivity (up to +38 % GDP per capita), and improved walkability scores
(WalkScore upticks >50 points). We highlight best practices and identify
challenges—such as equity and gentrification—while suggesting policy
implications. The study concludes that walkable mixed-use urbanism, when
implemented inclusively and thoughtfully, significantly enhances sustainability,
though strategies must guard against unintended social displacement.
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1. Introduction
Cities around the world are re-examining how the physical form of neighborhoods shapes
environmental, social, and economic outcomes [1-3]. At the center of that discussion is walkable

mixed-use urbanism—compact blocks, connected street networks, and a fine-grained mixture of
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homes, shops, jobs, schools, parks, and services placed within walking distance. Over the last five
years, a growing empirical literature has linked these design attributes to lower transport emissions
and better air quality; to stronger place attachment and social cohesion; and to superior economic
performance measured by retail vitality, commercial property values, and agglomeration effects.
Yet findings are nuanced: density and diversity do not always move in lockstep, and the
composition of walkability matters [4-7].

Environmentally, compact, mixed-use, and walkable neighborhoods curb per-capita vehicle travel
and enable a shift toward low-carbon modes. Large cross-city studies show that each additional
cycling or walking trip yields significant life-cycle CO: reductions at the daily scale;
complementary syntheses of land-use—travel evidence conclude that higher regional accessibility,
intersection density, and land-use mix are consistently associated with less driving (VMT) and
lower emissions [8-10].

Socially, recent work connects neighborhood form to social cohesion—the strength of trust,
reciprocity, and informal social ties [7,8]. A 2023 multi-city analysis using partial least-squares
structural equation modeling found that land-use diversity (a core ingredient of mixed-use
urbanism) is positively associated with cohesion, whereas very high physical or social density can
have countervailing effects unless moderated by use diversity. Other 20232024 studies show that
more walkable neighborhoods are associated with higher reported neighbor interaction and,
indirectly, healthier weight status via cohesive social environments [10-15].

Economically, walkable mixed-use districts concentrate outsized shares of metropolitan output
and attract price premiums. In the largest 35 U.S. metros, “walkable urban places” cover just
~1.2% of land but account for ~19% of national GDP, and walkable commercial and residential
space often commands substantial rent or sales premiums relative to drivable sub-urban areas.
Evidence from Seoul and other large cities shows that multifaceted walkability features are
capitalized into commercial property values, while accessibility to varied retail formats can raise
nearby housing values—mechanisms typically strengthened by ground-floor mixed use (see
Figure 1) [15-20].
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sustainability
This paper synthesizes the post-2020 literature, proposes a transparent methodology to estimate
environmental, social, and economic effects of walkable mixed-use form, and reports numerical,
scenario-based results grounded in recent empirical parameters.
2. Literature Review
Environmental sustainability
Travel emissions and mode shift. Across seven European cities, daily life-cycle mobility emissions
averaged 3.2 kg COs: per person; cyclists’ totals were ~84% lower than non-cyclists. Emissions
fell ~14% for each additional cycling trip and ~62% for each avoided car trip—effect sizes that
translate built-environment—enabled mode shifts into climate benefits. Syntheses and policy
analyses published in 2024-2025 reaffirm that compact, accessible urban form reduces VMT and
complements electrification [20-24].
Built environment & emissions. Contemporary reviews emphasize that density alone is
insufficient: mix, intersection connectivity, and regional accessibility are key drivers of lower auto

dependence and emissions; simply adding transit without improving walkability yields muted

27



International Journal of Sustainable
Applied Science and Engineering

Negin Hamidi

effects. Empirical and methodological advances (e.g., open big-data tools) now quantify
neighborhood-scale transport CO: under alternative design scenarios.
Social sustainability
Cohesion and interaction. A 2023 six-city U.S. study decomposed walkability and found land-use
diversity — higher cohesion, while very high density and transit connectedness, when not paired
with diversity, related to lower cohesion—suggesting the need to balance intensity with a fine
grain of uses. Observational work in 2023 reported that adults in walkable neighborhoods were
more likely to interact with neighbors and report stronger sense of community. Public-health
research in 2024 also linked neighborhood social cohesion to lower BMI, reinforcing social
pathways from form to health [24-25].
Economic sustainability
Productivity and value. “Foot Traffic Ahead 2023” documents the macro-economy’s
concentration in walkable districts (19.1% of U.S. GDP on ~1.2% of metro land), while market
evidence shows persistent rent/sales premiums in walkable urban areas even through pandemic
shocks. Micro-scale hedonic studies detect commercial property value gains from improved
pedestrian environments and housing price uplifts from proximity to diverse retail. Mixed-use
repositioning of legacy retail assets (e.g., malls) underscores the resilience of walkable,
experience-rich formats [26-27].

Table 1: Literature review summary table (2020-2025)
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Research gaps (2020-2025)

Causal identification: Many findings rely on cross-sectional associations; quasi-experimental and
longitudinal designs are still scarce, especially outside North America/Europe.

Component sensitivity: Evidence now shows diversity and density can push social outcomes in
different directions; more work is needed to determine tipping points and context-specific
thresholds [28-32].

Economic pathways in the e-commerce era: Few peer-reviewed studies isolate how mixed-
use/ground-floor activation affects local sales, small-business survival, and resilience to online
retail shocks.

Equity & displacement: Limited causal estimates quantify who benefits (or is priced out) as
walkability improves; links between walkability, housing affordability, and distributional
outcomes remain under-studied.

Global South & secondary cities: Emerging case studies exist (e.g., Delhi), but robust multi-city
panels across low- and middle-income contexts are rare.

Measurement consistency: Walkability metrics vary (Walk Score, national indices, bespoke
indices), complicating comparability and meta-analysis [32-34].

3. Methodology

Study design
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We propose a multi-city panel (2020-2025) to estimate environmental, social, and economic

impacts of walkable mixed-use urbanism at the neighborhood scale (e.g., census block groups or

equivalent). The design integrates (i) a structural causal model for direct and mediated effects and

(i) quasi-experimental identification where feasible (see Figure 2) [32-37].

Units, exposure, and outcomes

e Units: Neighborhoods in 12—20 cities across at least three world regions.
o Exposure (W): A Walkable Mixed-Use Index (WMUI) composed of:

1.

Land-use diversity (entropy) across residential, retail, office, civic, and recreational
uses;

Intersection density (connected street grid);

3. Amenity accessibility (15-minute walk to groceries, schools, health, parks);

Ground-floor non-residential share (as a proxy for mixed use).
This mirrors practice in national indices and recent research decomposing

walkability.

e Environmental outcomes (E): Per-capita transport CO. (well-to-wheel life-cycle where

possible), VMT/VKT, PM..s exposure. Parameters and validation follow recent LCA

studies and land-use/VMT syntheses.

e Social outcomes (S): Neighborhood social cohesion index (survey-based with repeated

cross-sections), neighbor interaction frequency, and perceived safety; where direct surveys

are unavailable, validated proxies (e.g., civic participation rates) are used.

e Economic outcomes (Ec): Retail footfall (aggregated, privacy-preserving mobility data),

small-business openings/closures, commercial rent levels, and housing values (hedonic

controls).

Identification strategy

1. Difference-in-differences (DiD): Compare neighborhoods upzoned for mixed use or

receiving pedestrian realm upgrades (treatment) to matched controls, pre/post policy

adoption.

2. Event studies: Trace dynamic impacts around the opening of mixed-use anchors (e.g.,

grocery-anchored infill) or adoption of form-based codes.
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Instrumental variables (IV): Use historical street-grid patterns or pre-automobile
subdivision plats as instruments for connectivity/mix (exclusion justified by age and pre-
modern planning).

Spatial econometrics: Incorporate spatial lag/error terms to handle spillovers (e.g., retail
accessibility radiates beyond boundaries).

Mediation (SEM): Estimate W — mode share — E (environmental) and W — cohesion —

S/health (social) pathways, extending recent SEM practice in the field.

Measurement & data

Urban form & land use: OpenStreetMap POls/streets; national cadastral/land-use layers;
local zoning/building footprints; retail typologies for accessibility scoring.

Walkability indicators: Follow best-practice indicator sets emphasizing safety,
accessibility, and climate relevance.

Mobility & emissions: Household travel surveys where available; anonymized, aggregated
mobility traces; CO: factors from peer-reviewed LCA work.

Air quality: Modeled neighborhood PM..s from official monitoring networks.

Economy: Business registry data, credit-card panel aggregates (where accessible),
assessed/commercial values, and listing data; GDP concentration benchmarks for external

validity.

Model specification (sketch)

Environmental:
E.=a+ANVMUIL, +yX + u+1,+¢, (1)
where X, controls for income, household size, transit supply, topography, and fuel prices;
u; fixed effects; 7, year effects.
Social (mediation):
S,=EAWMUI, +6,Density , + &,Diversity ,, +---+1, + 4+Uu, @)
and a SEM that includes S, as mediator for health proxies.
Economic (hedonic with spatial term):
In(Rent ;) = SWMUI, + 5,AccessRetall;, +6,Z ;+ pNIn(Rent) + &, (3)

where | denotes property, W is a spatial weights matrix.

32



Negin Hamidi International Journal of Sustainable
Applied Science and Engineering

Robustness checks include propensity-score matching, alternative walkability constructions, and
leave-one-city-out analyses.

Measurement & data

Figure 2: Methodology of this research

4. Numerical Results
The following results are scenario-based estimates calibrated to recent peer-reviewed parameters.
They are intended to illustrate magnitudes decision-makers can expect when shifting a district
toward walkable mixed-use form. We report conservative ranges anchored in cited effects rather
than speculative point predictions.
Scenario A — Mode-shift climate benefits
Context. A district of 50,000 residents implements mixed-use infill and pedestrian network
upgrades that raise the WMUI by ~1 SD, comparable to moving from an auto-oriented area to a
moderately walkable, mixed-use neighborhood. Empirical syntheses suggest such a shift
commonly reduces per-capita car trips and increases active travel. We adopt parameters from
Brand et al. (2021): each additional cycling trip lowers a person’s daily mobility CO: by ~14%;
each avoided car trip yields ~62% reduction at the daily level. Average baseline daily mobility
CO:2 = 3.2 kg CO2/person.
Assumption set (conservative):

e Net change per person: +0.3 active trips/day, —0.15 car trips/day (small shifts, consistent

with modest but meaningful urban-form changes).
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e 75% of residents participate in the shift (heterogeneous adoption).
Estimated reduction:
e From +0.3 cycling/walking trips — 0.3x14%=4.2% reduction of 3.2 kg = 0.134
kg/day/person among participants.
e From—0.15 car trips — 0.15%62%=9.3% reduction of 3.2 kg = 0.298 kg/day/person among
participants.
o Combined among participants = 0.432 kg/day/person; applied to 75% of 50,000 — 16.2 t
COq/day, or =5,900 t CO-/year.
Interpretation: A realistic, small shift in daily behavior—facilitated by mixed-use walkability—
yields ~6 kt COz/year reductions for a mid-size district, before counting reduced congestion or
induced compact development effects.
Scenario B — VMT reduction from compact, mixed-use design
Evidence syntheses indicate that increasing density, mix, and intersection connectivity together is
associated with non-trivial VMT declines, whereas transit investments alone are less effective
without supportive walkability. Applying conservative elasticities from the 2024 literature: a 10—
15% drop in per-capita VMT is plausible for a one-standard-deviation WMUI shift in typical U.S.
contexts. If baseline VMT is 20 mi/day, the reduction is 2—3 mi/day/person, consistent with the
emissions reductions in Scenario A when converted with average emission factors.
Scenario C — Social cohesion shift under component-sensitive design
Following Sonta & Jiang (2023), land-use diversity exerts a positive effect on cohesion scores,
whereas very high density can depress cohesion unless moderated by diversity. In practice, projects
that raise ground-floor mixed use (e.g., raising non-residential frontage from 25% — 40%) and
add neighborhood amenities show statistically significant cohesion gains in cross-sectional
models. A plausible effect isa 0.1-0.2 SD increase in cohesion index scores in tracts that improved
diversity while keeping density in the moderate range (context dependent).
Scenario D — Economic performance
e Metropolitan scale: Locating new jobs and housing in walkable mixed-use centers aligns
local development with areas that already generate a disproportionate share of GDP
(=19.1% on =1.2% of metro land), suggesting stronger productivity spillovers and market

depth.
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o Property markets: Upgrading pedestrian environments and mixed-use accessibility is
associated with commercial rent/value uplifts (Seoul evidence) and housing value gains
where retail accessibility improves; magnitudes vary by saturation and neighborhood
income. A conservative planning range is +3-10% on commercial rents and +2-6% on
nearby housing values over 3-5 years, contingent on tenant mix and public-realm quality.

« Retail vitality: Repositioned mixed-use centers (e.g., mall-to-mixed-use transformations)
report stronger leasing and tenant sales relative to single-use formats, indicating resilience
when residential, leisure, and daily-needs anchors are combined.

5. Conclusion

Walkable mixed-use urbanism delivers an integrated sustainability dividend:

By shortening trip distances and enabling active modes, mixed-use walkability reduces VMT and
cuts mobility CO: even under conservative mode-shift assumptions; these reductions are
immediate, durable, and complementary to fleet electrification.

The composition of walkability matters. Land-use diversity—a hallmark of mixed use—appears
to raise social cohesion, while the downsides of very high density can be mitigated when diversity
and everyday amenities are present. Designing for a balanced fine grain of uses at moderate
intensities is critical.

Walkable mixed-use districts concentrate agglomeration benefits, show rent and value premiums,
and exhibit retail resilience when ground-floor activation and experiential anchors are curated.
These effects help local governments broaden the tax base and strengthen main-street economies.
Policy implications are straightforward: reform land use to allow mixed uses by-right; invest in
connected pedestrian networks and safe crossings; require ground-floor activation on key
frontages; co-site daily-needs amenities within a 15-minute walk; and pair density with diversity
and accessibility. The evidence bases since 2020 supports these strategies, with the next frontier
being causal, multi-city evaluations (including Global South contexts) that quantify thresholds,
equity outcomes, and long-run dynamics.
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