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Abstract. The renovation of urban parks and squares is often carried out
through ad hoc, localized selection of amenities and landscaping elements without a
unified system of comparable indicators, which results in conflicts between shading
provision, pedestrian-level wind conditions, accessibility, wayfinding, and the resource
implications of design decisions. This paper proposes an indicators-first parametric
protocol for designing public-space amenities, in which environmental quality
indicators constitute the primary problem model, while digital tools and algorithms
are derived from requirements for measurability and reproducibility.

Purpose. To develop an indicators-first, indicator-oriented parametric approach
for the renovation and re-equipment of public space, in which environmental
quality indicators constitute the primary problem model and design algorithms are
subordinated to the requirements of measurability and reproducibility.

Methodology. The method includes criteria-based indicator selection in terms
of controllability by design decisions, measurability, data availability, sensitivity
to parametric changes, and cross-variant comparability; development of indicator
“"passports” as an interface between analysis and design (definition, units, spatio-
temporal framing, assumptions, expected trade-offs, and linkage to controllable
parameters); parametric generation of configuration and placement variants for
shading structures, pavilions, and modular furniture within realistic ranges; and
solution comparison through indicator normalisation and trade-off analysis by
identifying a set of mutually non-worse variants.

Results. A core set of environmental quality indicators was established, covering
outdoor thermal comfort in stay areas, solar exposure and shading, pedestrian-level
wind conditions, barrier-free route performance, geometric visibility metrics relevant
to safety, and the resource intensity of elements as a proxy for material intensity. The
approach was demonstrated on a case study of a selected fragment of Dukivskyi Garden
in Odesa, enabling reproducible derivation of renovation and amenity-design rules with
explicit representation of trade-offs among key environmental quality requirements.

Scientific novelty. The paper formalises an indicators-first approach through
standardised indicator passports and an explicit mapping between environmental
quality indicators and controllable parameters of design solutions.

Practical relevance. The study provides a transparent decision-making
procedure for design teams and municipal stakeholders, ensuring cross-variant
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comparability, explicit control of assumptions, and structured handling of trade-offs
at early stages of public-space renovation design.
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INTRODUCTION

Renovation and equipping of urban parks
and squares in Ukraine [23] are often imple-
mented as a set of local improvement actions
and the installation of typical elements of urban
equipment. At the same time, contemporary re-
quirements for public spaces have become sub-
stantially more complex: alongside aesthetic
and functional expectations, the importance of
microclimatic comfort during heat waves, pre-
dictable shading performance at peak hours,
pedestrian-level wind conditions [3, p. 1-10],
and barrier-free and universally usable environ-
ments for diverse user groups has increased. In
the European regulatory framework, these re-
quirements are reflected, in particular, in stand-
ards for accessibility and usability of the built
environment (e.g., EN 17210 [7, p. 1-12]) as
well as standards harmonized with international
provisions on accessibility of the built environ-
ment (in particular ISO 21542 [11, p. 1-12]).
Practically, this underscores the relevance of
formalized accessibility and comfort criteria al-
ready at early design stages, when spatial solu-
tions can still be adjusted without high costs.

At the same time, in the practice of de-
signing urban equipment, quality criteria often
remain either informal or fragmented across
disciplines and separate checks that are difficult
to compare. A typical situation is that decisions
about shading structures are made without ver-
ification of wind effects; accessibility routes are
formally «closed» by slope and level-change re-
quirements but are not evaluated from the per-
spective of thermal comfort at stopping and
resting points; and placement of pavilions and
urban furniture supports use scenarios but is
not accompanied by an analysis of geometric
visibility and wayfinding potential that affect
perceived safety. As a result, environmental
contradictions arise that become visible after
implementation and require costly corrections
or quality compromises.

This study adopts the principle that the
method follows the indicators. First, a set of
controllable and measurable environmental
quality indicators is fixed, and only then are the
parametrization tools, modelling types, data
structure, and rules for comparing variants

determined. Such an approach reduces the risk
of instrumental bias, when the study effectively
demonstrates software capabilities but does
not create a reproducible logic for design deci-
sion-making. For brevity, below this approach is
referred to as indicators-first, i.e., the primacy
of the indicator system over the choice of tools
and procedures.

ANALYSIS OF PREVIOUS RESEARCH

In the international literature, design
based on measurable environmental character-
istics and data has become increasingly estab-
lished, where geometry, placement, and config-
urations of design objects are shaped through
quality indicators and optimization procedures
[20, p. 308-312]. In particular, for shading and
seating structures in public spaces, digital work-
flows have been developed that combine variant
generation with multi-criteria comparison and
contextual constraints [20, p. 308-312]. In this
logic, a shading structure is treated not as «form
in itself» but as a means of controlling comfort
and stay scenarios in space [20, p. 308-312].

A separate body of research concerns in-
tegrating microclimate models into design pro-
cedures at the scale of open space. Typically,
this involves parametric environmental model-
ling and climate-analysis modules (enabling as-
sessment of solar exposure, shading, radiative
conditions, and thermal comfort indicators) and
comparison of such calculations with specialized
microclimate models [15, p. 1-4; 9, p. 1-6;
10, p. 69-81]. These studies emphasize that
design-stage tools can be resource-efficient at
early phases, but require careful interpretation
and explicit documentation of modelling as-
sumptions [15, p. 1-4; 9, p. 1-6; 10, p. 69-81].

To assess outdoor thermal comfort, in-
dices are widely used that account for the com-
bined influence of air temperature, wind, hu-
midity, and radiative conditions. One of the
best-known examples is the Universal Thermal
Climate Index (UTCI), which is presented in re-
view publications as an integrated indicator of
climatic thermal stress on humans [5, p. 1-3;
4, p. 1-3; 14, p. 1-6]. For public spaces this is
essential, since radiative and wind factors often
determine the usability of stay areas during peak
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hours of the warm season [5, p. 1-3; 4, p. 1-3;
14, p. 1-6].

Alongside microclimatic measurements,
environmental studies develop geometric ap-
proaches to spatial evaluation aimed at sup-
porting safety and orientation. Such tasks are
often addressed within space syntax: visibili-
ty-field analysis (isovists—areas of space vis-
ible from a given point) and indicators of visi-
bility and spatial connectedness are used, which
are interpreted as spatial preconditions for per-
ceived safety or the potential for social inter-
action [2, p. 47-65; 19, p. 103-121]. For this
paper it is crucial to maintain the correct level
of claims: geometric visibility metrics can be ob-
jectified and reproduced, but they are not equiv-
alent to real «activity» or social effects without
behavioral data [2, p. 47-65; 19, p. 103-121].

Finally, when several heterogeneous in-
dicators are considered simultaneously (com-
fort, solar exposure and shading, wind, accessi-
bility, visibility, resource intensity), the problem
of comparing variants and working with trade-
offs becomes unavoidable. For this, multi-cri-
teria analysis and decision-making approaches
are used, where a key risk is arbitrary weighting
and instability of rankings under changes in as-
sumptions. Therefore, contemporary studies
emphasize transparency of criteria selection,
correct normalization of indicators, and testing
the robustness of conclusions (sensitivity anal-
ysis) with respect to priorities [6, p. 9-33;
22, p. 1-18].

Thus, the current research context pro-
vides the necessary components of a future
protocol-parametric variant generation, micro-
climate assessments, geometric visibility met-
rics, and procedures for multi-criteria compar-
ison [20, p. 308-323; 15, p. 1-4; 2, p. 47-65;
6, p. 9-33]. At the same time, in the practice of
designing urban equipment there is often a lack
of a reproducible indicators-first framing that
disciplines tool choice and prevents the method-
ology from expanding into a purely instrumental
demonstration.

PURPOSE

The research problem lies in the absence
in Ukraine of a reproducible, procedurally clear
protocol for designing urban equipment for
public spaces that: first, starts with operational-
izing environmental quality indicators; second,
establishes an explicit link between indicators
and controllable parameters of equipment ele-
ments; and third, ensures comparability of var-
iants without reducing the task to an arbitrary
single score that is not supported by robust-
ness checks. In practice, this manifests in the

fact that decisions based on different indicators
(shading, wind, accessibility, visibility, resource
constraints) are evaluated in non-commensu-
rable ways, and selection is often intuitive or
driven by one dominant criterion, which reduces
environmental coherence and increases the risk
of conflicts after implementation.

The aim of the study is to develop and
demonstrate a parametric protocol for designing
equipment for public space based on the indi-
cators-first principle, in which the logic of mod-
elling and parametrization is determined by a
predefined system of measurable and reproduc-
ible indicators, and variant comparison is imple-
mented through transparent trade-off analysis.
The protocol was tested using a selected frag-
ment of Dyukivskyi Garden in Odesa as a de-
monstrative in-situ case.

To achieve this aim, the following tasks
were set: to justify criteria for selecting indica-
tors for designing elements of urban equipment
in terms of controllability by design decisions,
measurability, sensitivity, and comparability; to
develop «indicator passports» as a standard de-
scription format (definition, units, spatio-tem-
poral setup, assumptions, linkage to param-
eters); to define a parametric vocabulary of
variables for small architectural forms and
equipment elements (shading structures, pavil-
ions, modular furniture) and rules for generating
variants within realistic ranges; to build a pro-
cedure for calculating and normalizing the core
indicator set covering thermal comfort in stay
areas, solar exposure and shading, pedestri-
an-level wind, barrier-free route continuity, ge-
ometric visibility metrics for safety, and resource
intensity as an approximate proxy of material
intensity; to implement comparison of solu-
tions through trade-off analysis over non-dom-
inated compromise variants with the possibility
of testing robustness to changes in priorities;
and to formulate design rules for equipping (and
re-equipping) the selected public-space frag-
ment as the practical output of the protocol.

The object of the study is the process of
designing equipment for public space under con-
flicting environmental requirements. The sub-
ject is an indicators-first parametric protocol
that ensures a reproducible linkage in the se-
guence «environmental quality indicators - con-
trollable parameters - variants - trade-offs -
design rules» (Fig. 1). The scope is deliberately
limited to the level of urban equipment and local
organization of a fragment of public space; the
protocol does not extend to city master plan-
ning or block morphology, since the aim is meth-
odological precision and practical reproducibility
within a narrow domain.
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Fig. 1. Sequence of the proposed indicators-first
approach (N. Khoroian)

RESULTS AND DISCUSSION

1. Positioning the indicators-first ap-
proach

Parametric methods in urban environ-
mental design are typically implemented in two
logics. Variant-generative logic emphasizes the
speed of producing solutions and formal diver-
sity. Reproducible logic focuses on ensuring that
the same input data and rules lead to compa-
rable sets of solutions and that results can be
read as concrete design actions. We argue that
for renovation-oriented design of public spaces,
reproducible logic is more relevant, since the end
product is not «interesting forms» but solutions
suitable for approval, budgeting, operation, and
transfer to other sites with similar conditions.

Within this paper, the indicators-first ap-
proach means that environmental quality in-
dicators constitute the primary model of the
design task. The indicators determine which
spatial entities are analyzed (stay areas, routes,
viewpoints), which temporal situations are crit-
ical (peak thermal-load hours, characteristic
wind conditions), which data are mandatory,
and which assumptions are permissible without
losing reproducibility. We explicitly distinguish
what can be objectified physically and geomet-
rically (solar exposure and shading, pedestri-
an-level wind, thermal comfort indicators as an
index or as a share of «suitable» stay areas, ge-
ometric characteristics of barrier-free accessi-
bility, visibility metrics, and resource intensity
as an approximate proxy of material intensity)
from what requires behavioral, sociological, or
detailed economic data.

To demonstrate how indicators directly af-
fect design decisions, two brief examples are
provided. The first concerns shading structures
in open space. If the indicator is defined as «re-
ducing thermal load in a stay area» or as «the
share of shaded area during peak hours» for
key resting places, the design levers become
unambiguous: additional tree planting, the area
and configuration of canopies, their height, de-
gree of permeability (solid/perforated), orienta-
tion relative to the sun, and their location rel-
ative to stay areas and routes. Studies of the
impact of shading devices on outdoor comfort
show that shading substantially reduces radia-
tive load and improves thermal comfort indica-
tors; meanwhile, effects on air temperature and
wind speed are usually much smaller or close to

zero [13, p. 1-4], which matters for correctly
selecting design levers. For design calculations,
it is also essential to document the limits of
applicability of digital modelling: studies exist
where free-standing shading modelling is ver-
ified against field measurements and where
shortwave and longwave radiation components
are analyzed separately to avoid systematic bias
in predicting shading effects [15, p. 1-6].

The second example concerns visibility
as a spatial precondition for safety and orien-
tation. If the indicator is formulated as «ge-
ometric visibility» (e.g., presence/absence of
blind spots, connectedness of viewpoints along
a route, openness of space from key points), the
corresponding design actions are also direct:
avoiding screening barriers at movement nodes,
adjusting the placement of pavilions and veg-
etation elements, creating transparent edges,
and maintaining visual corridors along primary
trajectories. The analytical basis is visibility-field
analysis (isovists—areas of space visible from a
given point), which describes the visible portion
of the environment through geometric char-
acteristics of the field of view [2, p. 47-65].
Applied studies show that computed visibili-
ty-field variables correlate with assessments of
perceived openness [21, p. 14-28] and may be
associated with psychophysiological stress in-
dicators (in configurations with higher «pros-
pect» and better visibility) [18, p. 1-11]. For
our problem framing, it is important to keep the
level of generalization correct: such metrics can
serve as reproducible proxies for spatial precon-
ditions of safety and orientation, but they are
not a direct measure of social «activity» without
behavioral data.

Within the indicators-first approach, these
examples are important not as a list of tools,
but as a demonstration of disciplined problem
framing: an indicator defines what exactly is
measured, where and when it is measured, what
input data are required, and which parameters
of the design solution act as levers. Therefore,
the paper deliberately selects indicators that can
be reproducibly calculated on a typical dataset
and that yield actionable design conclusions
without conceptual substitution.

Table 1 systematizes the logic of indica-
tor-oriented parametric design for renovating
public space, where environmental quality indica-
tors are primary and design-solution parameters
act as controllable levers of influence. The table
distinguishes variant-generative and reproduc-
ible logics, specifies which spatio-temporal enti-
ties and input data are defined by the indicators,
and outlines interpretation limits for indicators
that require behavioral or socio-economic data.
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Using two examples (shading/thermal load and
geometric visibility), it demonstrates the transi-
tion from indicator definition to a set of concrete
design parameters and decisions suitable for co-
ordination and practical implementation.

2. Core indicator set and selection cri-
teria

Within the indicators-first approach, the
core assessment of environmental quality is
specified in advance as a limited but reproduc-
ible set of indicators that are simultaneously

through design. Selection of this core is not ar-
bitrary: it relies on performance- and data-in-
formed design principles in which spatial solu-
tions are compared through quality indicators
rather than through descriptions of «form as
such», and where transparent work with trade-
offs between heterogeneous requirements is
essential [6, p. 9-33; 22, p. 1-18]. For reno-
vation of public space, this means that indica-
tors must, first, correspond to design spatial en-
tities (stay areas, routes, viewpoints); second,

measurable, interpretable, and controllable have a clear spatio-temporal setup (peak hours,
Table 1
Structure of indicator-oriented parametric design (based on two indicators)
Stage :
9 Content Input data / conditions Outp:gt/iocll1e5|gn Notes and sources
block
1 Parametric methods in — Prerequisite for -
urban environmental choosing the working
design logic
2A Variant-generative logic: |Form parameters; constraints may|A set of formal variants |Not a priority for
e speed be minimal renovation (does
e formal diversity not guarantee
comparability and
practical feasibility)
2B Reproducible logic: Standardized input data; fixed Solutions read Selected as the base
e same data + rules rules and assumptions as design actions logic for renovation of
e comparable sets of (approval / budget / public space
solutions operation / transfer)
3 Indicators-first approach: |Defined indicators and their Indicators define the —
environmental quality «passports» (definition, units, analysis structure and
indicators = primary task |scenarios, assumptions) the set of controllable
model parameters
4 Indicators determine the |Space: stay areas; routes; A reproducible scheme |—
analysis setup viewpoints. of calculations and
Time: peak thermal-load hours; |comparison of variants
characteristic wind conditions.
Data: mandatory; permissible
assumptions.
5A Group 1: objectifiable solar exposure/shading; Quantitative indicator |Reproducibly computed
(physical / geometric) pedestrian-level wind; thermal values suitable for on a typical dataset
indicators comfort (index or share of comparing variants
«suitability»);
barrier-free accessibility
(geometry);
visibility (geometric metrics);
resource intensity (approximate
material intensity).
5B Group 2: indicators Behavioral; sociological; detailed |[Refined conclusions on |Within this paper, do
requiring additional data |economic data use / activity / life- not substitute the
cycle economics physical-geometric
indicators
6 Example 1: shading Indicator: reduced thermal load or|Levers: tree Shading reduces
structures (stay comfort) [share of shaded area during peak |planting; canopy radiative load and
hours area/configuration/ improves comfort;
height; permeability; impact on air
orientation; localization |temperature and wind
often small [12].
Modelling limits:
comparison with field
data [1, p. 1-4; 2,
p. 1-8; 3, p. 1-6].
7 Example 2: visibility Indicator: geometric visibility Levers: avoid Visibility-field analysis
(safety and orientation) [(blind spots; connectedness of screening; adjust (isovists) [6]. Linked
viewpoints; openness from key pavilions and to perceived openness
points) vegetation; transparent|[15] and stress
edges; visual corridors |indicators [16]. Not a
direct measure of social
«activity» without
behavioral data.
8 Conclusion An indicator defines: Selection of indicators |—
what, where, and when we that are reproducibly
measure; what data are needed; |computed on a typical
which parameters are levers of dataset and yield
influence actionable design
conclusions
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characteristic scenarios); third, be linked to con-
trollable parameters of renovation solutions;
and fourth, remain reproducible on a typical set
of input data.

The formed core indicator set was grouped
into three interrelated blocks. The first block de-
scribes the microclimatic suitability of stay areas
in the warm season: (1) thermal comfort in stay
areas, recorded either as an index or as the
share of area/time within an acceptable range;
(2) solar exposure and shading as a character-
istic of the radiative regime at peak hours; (3)
pedestrian-level wind as a condition of comfort
and safety (Fig. 2). This choice is justified be-
cause, for open public spaces, the combination
of air temperature, wind speed, humidity, and
radiative conditions determines human thermal
load; in this context, UTCI is widely used as an
integrated indicator of climatic impact on hu-
mans [5, p. 1-3; 4, p. 1-3]. In this paper, mi-
croclimatic indicators are interpreted not as
«absolute truth» but as reproducible estimates
sensitive to spatial configuration and suitable for
comparing variants under fixed scenarios.

Thermal comfort in the living area > Insolation and shading » Wind at pedestrian level

Fig. 2. Microclimate indicators (N. Khoroian)

The second block describes accessibility
and continuity of use: (4) barrier-free routes as
an indicator of continuity of an accessible circuit
considering slopes, level changes, local obsta-
cles, and travel time/distance (Fig. 3). This in-
dicator was selected because it has a direct de-
sign counterpart in route tracing and detailing
solutions at level-change nodes, and because it
sets minimum conditions of usability for diverse
user groups. Within the indicators-first ap-
proach, barrier-free accessibility is treated not
as a formal «slope check» but as a structural in-
dicator that must be coordinated with the com-
fort of stopping points and the logic of staying.

Taking into account slopes,
drops, local obstacles and route
time/length

Accessibility and continuity Barrier-free
of use of space routes

Fig. 3. Spatial accessibility indicators (N. Khoroian)

The third block describes spatial precon-
ditions for safety, orientation, and feasibility of
solutions: (5) geometric visibility metrics as a
reproducible description of spatial conditions
for orientation and reduction of blind spots; (6)
resource intensity of elements as an approx-
imate proxy of material intensity suitable for
early-stage comparison within a single class of

solutions (Fig. 4). Visibility metrics are intro-
duced based on space-syntax approaches and
visibility-field analysis (isovists) as a geometric
description of which parts of space are visually
accessible from specified positions [2, p. 47-65;
19, p. 103-121]. At the same time, an inter-
pretation boundary is explicitly fixed: geometric
visibility can be an objectified spatial precondi-
tion, but it is not a direct measure of social «ac-
tivity» or subjective safety without behavioral
data. Resource intensity, in turn, does not re-
place full life-cycle environmental assessment,
but it helps discipline the choice of renovation
solutions by filtering out evidently excessive
constructions and ensuring comparability at an
early stage.

Resource
intensity
of elements

Spatial
orientation
conditions

Spatial security
prerequisites

Reducing
blind spots

Fig. 4. Spatial safety indicators (N. Khoroian)

Thus, the core indicator set covers those
aspects of environmental quality that are critical
for renovating public space and can be repro-
ducibly calculated and compared based on typ-
ical input data. Variant comparison is performed
as an analysis of trade-offs without imposing
universal weighting priorities, consistent with
contemporary multi-criteria decision-making
approaches and the requirement to test robust-
ness of conclusions to assumptions and priori-
ties [6, p. 9-33; 22, p. 1-18].

3. Demonstration case: a fragment of
Dyukivskyi Garden (Odesa)

Dyukivskyi Garden was considered as a
representative urban park for renovation, within
which typical spatial situations of green zones
coexist: open areas with high solar load in the
warm season, fragments with different planting
density, nodes of pedestrian trajectory intersec-
tions, areas with relief changes, and local places
for short-term and long-term stays. Such diver-
sity is important for demonstrating the indica-
tors-first approach, because it allows each indi-
cator to be assigned a specific spatial «carrier»
and avoids reducing environmental quality as-
sessment to averaged values that are poorly in-
terpretable in design decisions.

The practical framing of the case began
with structuring the fragment into three types
of entities: stay areas, routes, and viewpoints.
Stay areas included functional attractors (cafes,
a multifunctional viewing platform, bicycle
rental and parking areas), resting platforms and
nodes, and places of potential crowding (waiting,
short stops, viewpoints, etc.), for which solar
exposure and shading, thermal comfort, and
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pedestrian-level wind are critical. Routes were
divided into a primary accessible circuit and al-
ternative trajectories, enabling both barrier-free
accessibility and continuity of movement with
consideration of slopes, level changes, and local
obstacles. This also aligned renovation decisions
with actual movement scenarios, including pre-
serving existing directions and pedestrian tra-
jectories within Dyukivskyi Garden. Viewpoints
and route segments of increased significance
(movement nodes, trajectory changes, en-
trances/exits, potential flow-conflict locations)
were used as reference positions for calculating
geometric visibility metrics that describe spa-
tial preconditions of orientation and perceived
safety.

After that, a renovation proposal was for-
mulated as a search configuration of the spatial
solution for the garden fragment and its equip-
ment elements, intended to increase the suit-
ability of stay areas during peak hours of the
warm season, not worsen the barrier-free conti-
nuity of the primary accessible circuit, avoid cre-
ating pedestrian-level wind discomfort, maintain
sufficient visibility along key trajectories, and
keep resource intensity within acceptable limits.

A separate component of the renova-
tion proposal was the introduction into the park
composition of a cascade of artificial ponds that
complements the existing water body and forms
a sequence of water accents along the main stay
trajectories. The cascade is located with refer-
ence to areas of high thermal load and highest
use intensity in the warm season in order to re-
inforce the microclimatic effect at stopping and

Rainwater harvesting
Lakes collect raimwater and meliwater, 84 5 88
reducng the load on storm sewers and a0 80
th risk of floading.

Cascade System q'? \
The catchments operate 45 a single r ’D

cascade system with controlled flaw —
and natural regulat an of water evels ‘ v

Natural filtration g 2((

Bigplateaus with aquatc plants provide (\
b olagieal seatef purification without the

use of chemicals. \_
Climate adaptation

Lakes create a favorable microclimate,
lowering a1 tamparatute and increasing
humidity in tha summer. -

resting places. Within the indicators-first ap-
proach, water elements are treated not only as
decorative additions but as a controllable en-
vironmental means of supporting a comfort-
able microclimate [16, p. 1-12; 17, p. 1-15],
requiring coordination with shading solutions,
route accessibility, visibility, and operational fea-
sibility.

Under the proposed approach, each in-
dicator in this framing has a direct counter-
part in controllable design levers: for shading
and thermal comfort-in the area, configuration,
height, and permeability of shading elements,
as well as decisions regarding tree planting and
its placement; for wind regime-in the spatial or-
ganization of screens, openings, and directions
of open corridors; for barrier-free accessibility—
in route tracing, local structural solutions at lev-
el-change nodes, and removal of obstacles; for
visibility—in the placement of elements, vegeta-
tion masses, and screening objects relative to
viewpoints and visual corridors; for resource in-
tensity—in the choice of structural scheme, ma-
terial solutions, and scale of elements (as an ap-
proximate proxy of material intensity).

Thus, the case provides a complete but
scale-controlled cycle of moving from environ-
mental quality indicators to parameters of reno-
vation solutions and their comparison under in-
evitable trade-offs.

4. Output format and derivation of de-
sign rules

Based on the work performed, it can be
stated that the results of indicator-oriented par-
ametric design should be presented not as a
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Fig. 5a Diagram of the renovation design proposal for a fragment of Dyukivskyi Garden (Odesa):
water-management elements (T. Nidzelsky, OSACEA)
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Fig. 5a, b. Diagrams of the renovation design proposal for a fragment
of Dyukivskyi Garden (Odesa), (T. Nidzelsky, OSACEA)

single «best» solution, but as a managed set of
comparable variants and as a set of design rules
that generalize the identified trade-offs between
environmental quality indicators. This format
corresponds to reproducible logic, since it allows
a transparent explanation of why specific solu-
tions were selected, which indicators were im-
proved and which were accepted as inevitable
constraints, and how these conclusions can be
transferred to other sites with similar conditions.

For the demonstration case of the
Dyukivskyi Garden fragment, it is practical to
present results in three interrelated layers. The
first layer fixes the baseline conditions and a
«constraint map» that the renovation solution
must respond to: the distribution of solar expo-
sure and shading during peak hours of the warm
season, potential zones of pedestrian-level wind
discomfort, the structure of the primary acces-
sible circuit and alternative trajectories, as well
as stopping nodes and places of short-term stay.
In this layer, indicators are interpreted as spa-
tially referenced quantities rather than averaged
values, which ensures correctness of subse-
quent design actions.

The second layer shows «indicator pro-
files» for a representative set of variants: how
changes in controllable parameters (geometry
and placement of shading elements, additional
planting decisions, organization of open corri-
dors, tracing of the accessible route, placement
of equipment and planting relative to view-
points, resource intensity of solutions) affect

each indicator. Importantly, comparison at this
stage is not reduced to a single aggregate score:
analysis is conducted by identifying mutually
non-dominated variants, i.e., those where im-
proving one indicator inevitably requires wors-
ening at least one other. This set forms a «man-
aged choice space» for the design and municipal
team.

The third layer is a synthesis in the form
of design rules formulated as reproducible rec-
ommendations for renovating the fragment.
Such rules describe: first, principles of locating
shading structures and/or additional planting
relative to stay areas and routes during peak
hours; second, acceptable ranges of shading-el-
ement geometry (height, configuration, degree
of permeability) that deliver the required mi-
croclimatic effect without excessive growth of
resource intensity; third, principles of placing
urban furniture and pavilions relative to flows,
stopping nodes, and viewpoints; and fourth,
strategies for removing barriers on the primary
accessible circuit while simultaneously checking
the comfort of resting places (so that new pause
points do not end up in zones of excessive solar
exposure or wind discomfort). If water elements
are used in the renovation proposal (a cascade
of artificial ponds as an extension of the existing
water body), this layer also records rules for
their localization relative to overheating zones
and stay scenarios, as well as conditions for co-
ordinating water accents with shading, route ac-
cessibility, and operational constraints.
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The derivation of design rules relies on re-
curring trade-off patterns identified within the
set of mutually non-dominated variants. For ex-
ample, increasing the area of shading usually
improves thermal comfort in stay areas, but
may increase resource intensity and create risks
of reduced visibility if a shading structure or
vegetation screens critical visual corridors. A re-
producible approach makes it possible to formu-
late rules by which comfort gains are achieved
primarily through orientation and localization of
elements at the most critical points, rather than
through excessive growth of constructions.

Similarly, improving barrier-free accessi-
bility may require adjusting the trajectory of the
primary accessible circuit, implementing local
structural solutions at level-change nodes, and
introducing short-rest places. Indicator anal-
ysis makes it possible to check whether formal
accessibility is «compensated» by the appear-
ance of uncomfortable stops in overheated or
overly windy zones, and accordingly to formu-
late rules that combine accessibility with mi-
croclimatic suitability. Ultimately, the output is
presented as a transparent transition from en-
vironmental quality indicators to renovation de-
sign actions and rules that can be applied both
within Dyukivskyi Garden and at other sites with
related spatial conditions.

5. Discussion and limitations

The indicators-first, indicator-oriented ap-
proach reduces methodological randomness in
parametric design, because the problem framing
is fixed through standardized indicator descrip-
tions and their spatio-temporal linkage. This
disciplines the process: criteria cannot be arbi-
trarily changed «to fit a desired result», since
each indicator has a definition, measurement
units, a calculation scenario, a list of required
data, and permissible assumptions. Thus, dig-
ital procedures and controllable parameters are
derived from the content of indicators, not vice
versa.

A second key effect is reproducibility.
Given the same input data and the same in-
dicator definitions, different teams can obtain
comparable sets of solutions and formulate sim-
ilar design rules. This is especially important for
renovation projects of public spaces, where the
process is often multi-actor (design team, city,
maintenance services, community) and deci-
sions must be transferable to other sites with
similar conditions.

A third effect is communicative transpar-
ency. Trade-offs among thermal comfort, solar
exposure and shading, wind regime, barri-
er-free accessibility, visibility, and resource in-
tensity become explicit before detailed design.

This enables discussing decisions at the level of
priorities and acceptable indicator bounds rather
than post factum-after working drawings or
even after implementation.

At the same time, the approach has lim-
itations that must be explicitly documented in
the text and in the description of input data.
Geometric visibility metrics do not replace
studies of subjective safety and real behavioral
scenarios. They formalize only spatial precon-
ditions of orientation and passive surveillance
(openness, blind spots, connectedness of view-
points); therefore, interpretation should be lim-
ited to this level and should not substitute be-
havioral conclusions with geometric proxies.

Assessment of thermal comfort, solar ex-
posure/shading, and pedestrian-level wind de-
pends on the adopted meteorological scenarios,
seasonality and time of day, and modelling sim-
plifications. In each practical application these
assumptions must be stated explicitly: which
hours are considered «peak», which meteor-
ological conditions are taken as characteristic,
how shading effects are interpreted (including
radiative components), what spatial resolution
is used, and what threshold values are applied.
Without such documentation, results lose com-
parability and may be misused as an argument
for a preselected solution.

Resource intensity, presented as an ap-
proximate proxy of material intensity, is not a
full life-cycle environmental assessment and
does not replace engineering calculations of du-
rability, maintenance cost, or carbon footprint.
It should be treated as an early-stage metric
that helps discard evidently excessive solutions
and compare variants within a single class of el-
ements.

A specific limitation for renovation cases
is dependence on the quality of input data.
Inaccuracies in a digital terrain model, lack of
up-to-date information on vegetation, surfaces,
utilities, or barrier nodes directly affect the reli-
ability of indicators and may shift trade-off pro-
files. Therefore, the paper retains the principle
of a narrow and reproducible framing: indicators
and input-data formats are selected that can be
provided for a typical urban site without turning
the work into a dissertation-scale effort.

6. Practical steps for implementation

To integrate the indicators-first approach
into a real renovation process, it is advisable to
formalize it as a short technical guideline or as
an annex to the design brief. Such a guideline
should define: the minimum set of input data
(planning base, terrain, vegetation, surfaces,
existing equipment elements, barrier nodes,
and flow-conflict points); standardized indicator
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descriptions (definitions, units, spatio-temporal
scenarios, threshold values, assumptions); re-
quirements for deliverables (indicator maps,
indicator profiles for a set of variants, a set of
mutually non-dominated variants, synthesized
design rules); and rules for moving from re-
sults to design actions (which parameters are
adjusted when a specific indicator worsens/im-
proves and which trade-offs are considered ac-
ceptable).

Such formalization enables using the ap-
proach both as a design tool and as a quali-
ty-control tool: at the concept stage-for justi-
fying renovation configurations, at the detailing
stage-for verifying that refinements have not
degraded key indicators, and during author su-
pervision-for verifying that implemented solu-
tions correspond to those design parameters
that ensure the stated environmental quality.

CONCLUSIONS

The paper substantiates an indicator-ori-
ented approach to parametric design for ren-
ovating public space, in which environmental
quality indicators constitute the primary model
of the design task, and the choice of digital pro-
cedures and controllable parameters is subor-
dinated to the requirements of measurability
and reproducibility. A workflow is proposed
that includes criteria-based indicator selection,
standardized indicator description (definitions,
units, spatio-temporal scenarios, assumptions,
and linkage to controllable parameters), para-
metric generation of variants, and comparison
of solutions through indicator normalization and
trade-off analysis without imposing universal
weighting priorities. In this framing, the main
output is not a single “optimal” configuration,
but a transparent basis for justifying design
choices under explicitly stated assumptions and
constraints.

The core indicator set covers thermal com-
fort in stay areas, solar exposure and shading,
pedestrian-level wind, barrier-free route conti-
nuity, geometric visibility metrics as spatial pre-
conditions of orientation and perceived safety,
and resource intensity of solutions as an ear-
ly-stage proxy of material intensity. The demon-
stration using a fragment of Dyukivskyi Garden
in Odesa confirmed the practical applicability
of the approach for structuring space into stay
areas, routes, and viewpoints; generating a
comparable set of renovation solutions; and de-
riving design rules, including the localization of
shading elements, organization of comfortable
stopping places, maintaining continuity of the
accessible circuit, ensuring visibility along key
trajectories, and coordinating decisions with

resource constraints. The renovation proposal
also illustrates the possibility of integrating a
cascade of artificial ponds as a controllable en-
vironmental means of supporting microclimatic
suitability of stay areas, provided it is coordi-
nated with accessibility, visibility, and opera-
tional feasibility requirements.

Further development of the work should
be linked to local verification of assumptions
for microclimatic indicators (field observations
during peak hours of the warm season) and to
strengthening the empirical basis for interpreting
the visibility indicator (surveys and observation
of use scenarios), while preserving the principle
of indicator primacy. A separate direction is to
refine the resource component for typical struc-
tural solutions and maintenance scenarios in
order to improve the accuracy of variant com-
parison without overloading the methodology at
early design stages.
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XoposiH H. lNMoka3HMKM SIKOCTi cepefoBMLya siIKk OCHOBa peHoBauiliHOro

NMPOEKTYBaHHSI FPOMajCbKOro
ArkiBcbkoro cagy B M. Ogeca)

npocropy (Ha

npuknagi ¢parmeHTy

PeHoBalis MiCbKux napKiB i CKBEPIB HEPIAKO 3A4IMCHIOETbCS] YEPE3 CUTYaTUBHUI,
Js10KanizoBaHni nigbip enemeHTiB 0bnagHaHHS Ta 6saroycrporo 6e3 €anHOI cuctemm
3iCTaBHUX MOKAa3HUKIB, YO [pU3BOAUTL /O CyrnepeyHocTer Mk 3abe3rnedyeHHsIM
3aTiHEeHHS, BITPOBUMU yMOBaMW Ha pPIiBHI niloxoaa, AOCTYMHICTIO, OpIEHTaLiEw Ta
PECYPCHUMU HACTigKaMu MPOEKTHUX PilleHb. Y CTatTi 3ariporioHOBaHO MOKa3HMKOBO-
OpIEHTOBaHMI NapaMeTpUyHnE MpPOTOKO/ 3a MPUHUUIOM <«CrIOYaTKy [MOKa3HUKU»
AJ18 MPOEKTYBaHHS peHoBauii Ta nepeobsiagHaHHS rpoMaZiCbKOro rnpocropy, B sIKOMy
[MOKa3HUKU IKOCTI cepeaoBuLLa BUCTYNaroTb NeEPBUHHOK MOAEJIIIIO NMOCTaHOBKU 3a4advi,
a yci aqroputMu € rnoxigHUMu1 Big BUMOI 40 BUMIPOBAHOCTI Ta BiATBOPOBAHOCTI.

Khoroian N. (2026). Environmental quality indicators as a basis for renovation-oriented design of public space
(a case study of a fragment of Dyukivskyi Garden in Odesa).
Theory and practice of design. Architecture and construction. 2 (40). P. 271-283.
doi: https://doi.org/10.32782/2415-8151.2026.40.26
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Mera. C¢opmyBaTtyi MOKa3HNKOBO-OPIEHTOBaHWI rnapaMeTpuyHui nigxig 3a
MPUHUMNIOM «CrIoYaTKy MOKa3HUKu» A1 peHoBawii Ta nepeobiagHaHHs rpoMagCcbKoro
rpocTopy, y SKOMY MOKa3HUKN SKOCTi cepenoBuLLa € NepBUHHOK MOAEJIITIO MOCTaHOBKU
3agadi, a ajropuTMu T[pPOEKTYBaHHS MMiAnopsAKoBaHi BUMoraM BUMIPHOBaHOCTI Ta
BiATBOPHOBAHOCTI.

MeTtopgosorisi. MeTognka BK/IHOYaE KpUTEPIVHWI BiAGIp NOKa3HUKIB 3@ 0O3Hakamu
KepoBaHOCTI MPOEKTHUMM PilIEHHSIMW, BUMIPHOBaHOCTI, AOCTYMHOCTI AaHWX, Yy T/IMBOCTI
40 napamMeTpuyHmnx 3MiH i MOPIiBHIOBAHOCTI MiXXK BapiaHTamMu, po3pob/ieHHS «nacriopTiB
MOKa3HUKIB» SIK IHTepeNncy Mixk aHasli3oM i MPOEKTYBAHHSAM (BU3HAYEHHS, OANHULI,
rMpoOCTOPOBO-4YacoBa OCTaHOBKAa, rpunylLeHHs, O4YiKyBaHi KOMIMPOMICU Ta 3B'SI30K
i3 KepoBaHuMu napaMeTpamu); napameTpuyHy reHepawito BapiaHTiB KOHQIrypadin
i pO3MiljeHHS TIHbOBUX CTPYKTYp, NaBi/IbHOHIB | MOAYJIbHUX Meb/iB y Mexax
peasnicCTu4yHuX Jiarna3oHiB; [MOPIBHSHHS Pille€Hb LUJISIXOM HOpMasizayii rnoKasHuKIB
i aHasizy KOMrpomiciB Yepes3 BUAINIEHHS MHOXWHN B3aEMHO-HEKPALLYNX BapPIaHTIB.

Pesynbratn. CgpopmoBaHO $4p0 MOKa3HUKIB SKOCTI cepegoBuLya, Lo
OXOrIIOE TEr/I0BU KOMGOPT y 30Hax nepebyBaHHS, iHCO/IALUIO Ta 3aTiHEHHS, BiTep
Ha piBHI niwoxoga, 6e36ap’epHiCTb MapLUpyTiB, reOMETPUYHI METPUKN BUAUMOCTI,
AOTUYHI 40 6e3rieku, Ta pecypCHY IHTEHCUBHICTb €/1EMEHTIB 51K HabJIMXXeHy OUiHKY
matepiasoeMHocTI. lligxig anpoboBaHO Ha Keuci obpaHoro pparmeHTa /[HKIiBCbKOro
caay B Ogeci, 1o 403B0/IN/I10 BiATBOPHOBAHO ChOpMyBaTH NMPOEKTHI NpaBusia peHoBawlii
Ta OCHaLYeHHS 3 SBHUM Big06pa>keHHSIM KOMIPOMICIB MiXK K/THOHOBUMM BUMOramMm sIKOCTI
cepegoBuLya.

HaykoBa HoOBM3Ha. 3ariporioHOBaHoO ¢opmanizalito Mnigxo[y <«Cro4aTky
MMOKa3HUKU» 4Yepes CTaHAapTH30BaHi rnacrioptv rnoKasHUKIB Ta sIBHE BCTaHOBJIEHHS
BigrnoBiAHOCTI MK MOKa3HMKaMn SIKOCTI cepefoBulya i KepoBaHUMU riapameTpamm
€J/1IEMEHTIB MPOEKTHOIO PiLIEHHS.

MpakTn4yHa 3HayywjicTb. Po3pobseHo rpo3opy npoueaypy M[pUAHSTTS
MPOEKTHUX Ppilll€Hb [A4J15 MPOEKTHUX | MYyHiUnnaabHUX KOMaH4, sika 3abe3rnedye
3icTaBHICTb BapiaHTiB, KOHTPOJIb MpUryLeHb i KepoBaHy poboTy 3 KOMpoMicaMu Ha
PaHHIX CTafisix peHoBaLUifHOro rnpoeEKTYBaHHS rpoOMaaCcbKUX rMpoCTopiB.

Kio4oBi cioBa: MoKasHuWKu SIKOCTi cepefoBuLya, NoKa3HUMKOBO-OPIEHTOBaHE
[POEKTYBaHHS, NapamMeTpuyHe MPOEKTYBAHHS, PEHOBALisl, FPOMaACbKui rMpocTip,
Micbke ob6s1iagHaHHs, MaJsi apXiTeKTypHi ¢opmu, MIKPOKIiMaTt, Tern/0Bui KOM@OPT,
iHconsuis Ta 3aTiHeHHs, BiTep Ha piBHIi niwoxoga, 6e36ap’epHicTb MapLpyTis,
reoMeTpuyHa BUANMICTb, PECYPCHA IHTEHCUBHICTb, aHasliz KOMMpPOMICiB.
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