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MICROCLIMATIC ZONING AS A BASIS FOR BIOCLIMATIC DESIGN
OF LOW-RISE URBAN HOUSING IN SOUTH-EASTERN KAZAKHSTAN

Abstract. Purpose. The study develops a microclimatic zoning approach for low-rise urban housing in South-
Eastern Kazakhstan that links regional climatic assessment with early-stage architectural decisions. Methods. The
research combines comparative climatic analysis of Almaty, Konaev and Taldykorgan with graphic-analytical
interpretation of urban morphology, ventilation potential, solar exposure, green-blue infrastructure and topography.
Climatic background data and spatial layers were synthesized through common criteria to identify dominant
microclimatic conditions. Results. The analysis shows that a broadly comparable sharply continental climate
produces different local patterns because each city has a distinct combination of terrain, development intensity,
openness, vegetation, water influence and airflow. Five recurrent analytical conditions were identified: wind-
exposed, moderately protected, stagnant-air/heat-accumulation, green-cooling and terrain-dominated areas. Their
value lies not in prescribing fixed architectural forms but in diagnosing the environmental priorities of a site. The
proposed sequence translates climatic and spatial information into microclimatic zoning and then into early-stage
design priorities concerning protection, permeability, solar control, landscape integration and terrain response.
The comparative application to three cities demonstrates that the method preserves local climatic specificity while
maintaining a common analytical sequence for cross-case interpretation. Conclusions. Microclimatic zoning can
function as an intermediate architectural-climatic layer between generalized regional climate data and detailed
building-level simulation. The method is context-sensitive and transferable as an analytical sequence, while the
spatial zoning itself remains city-specific and requires subsequent validation through field measurements and
numerical modelling.

Key words: microclimatic zoning, bioclimatic design, low-rise housing, urban morphology, South-Eastern
Kazakhstan, climate-responsive architecture.
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MIKPOKJIIIMATUYHE 30HYBAHHA AK OCHOBA BIOKJIIMATHYHOI'O
IMPOEKTYBAHHSA MAJIOITIOBEPXOBOI'O MICBKOTI'O )KUTJIA
HNIBAEHHO-CXIJHOTI'O KA3BAXCTAHY

AHoTtauist. Mema docnidycenns — po3pOOHTH MiAXIX 10 MIKPOKIIMATHYHOTO 30HYBAHHS MalOIOBEPXOBOIO
micekoro skutia IliBrenno-Cxinnoro Kasaxcrany, skuii oexHye perioHanbHy KIiMaTHIHY ou1H1<y 3 leIeHHHMI/I
PAHHBOI CTAZil APXiTEKTYpHOTrO MPOEKTyBaHHA. Memoou. Jl0CIiKeHHS MOEHYE HOplBHSI.HLHI/II/I KITIMaTUYHUH aHa-
ni3 Anmaru, Konaesa i Tangukoprana 3 rpadoaHadiTHYHOIO iHTEpIpeTaLielo Micbkoi MOpgoIorii, MOTeHIiany BeH-
TSI, COHSYHOT €KCIO3UILIT, 3eJIeH0-0NaKUTHOI iHppacTpyKTypH Ta penbedy. [IpocTopoBi mapu iHTEpIPETOBaHO
3a €IMHOI0 CHCTEMOIO KPUTEPiiB IS BUSBICHHS TOMiHAHTHHUX MiKpOKJ‘IiMaTI/I‘IHI/IX ymoB. Pesynsmamu. Beranosie-
HO, 110 TOAIOHUIT p131<0 KOHTHHCHTIbHHHA KIiMaT GOpMye€ pisHi JOKaNbHI IPOCTOPOBI MPOSBH 4epPe3 BiIMIHHOCT
penbe(by, W[TBHOCTI # BIAKPUTOCTI 3a0y/0BH, POCTHHHOCTI, BILTHBY BOAHHX 00’ €KTIB Ta M0BITpOOOMIHY. BusHaueHo
I’STh TIOBTOPKOBAHMX AHAIITHYHMX CTaHiB: BITPOBIAKPHTI, HOMIPHO 3aXMILIEHI, 3aCTIHHI/TEMI0aKyMYIIOKYi, 30HA
3€JICHOTO OXOJIOJUKEHHSI Ta TePUTOPii 3 JOMIHYIOYMM BIUTMBOM penbedy. [XHe Mpu3HAYeHHS MONATae HE Y BCTAHOB-
NeHH1 (iKCOBaHOi apXiTeKTypHOI hOopMH, a B 1IarHOCTUL MPIOPUTETHUX EKOJOTIYHUX YMOB JNSHKHU. 3apONOHOBA-
Ha nocni):[OBHiCTL Ja€ 3MOTy IIEPEBOLHTH KITIMaTHYHI i TPOCTOPOBI XapaKTEPHCTHKH Y paHHI MPOEKTHI MPIOPUTETH
W00 3aXHCTY BiJ{ BITPY, IPOHMKHOCTI 3a0y10BH, COHLE3AXHUCTY, IHTETPALlii 03C/ICHCHHS Ta BpaXyBaHHS perbedy.
Bucnosku. MikpokiiMaTiHiHe 30HYBaHHs MOXKe Oy TH IPOMIKHAM apXiTeKTypHO-KIIIMATHIHIM PIBHEM MiX y3arab-
HEHHMMH PETiOHATBHUMH JaHUMHU Ta JETATbHUM MOJICIIOBAHHIM OyliBiIi. METO0I0T9HA MTOCIiIOBHICTh MOXE Oy TH
aJIafiTOBaHa JI0 1HIIUX MICT, OJIHAK KOHKPETHA MPOCTOPOBA CTPYKTYpa 30H 3AJIUIIAETHCS KOHTEKCTHOO Ta OTpedye
noganbinoi Bepudikaiii HaTypHUMHU BUMIPIOBAaHHAMU i YHCEIbHUM MOJEIIOBAHHSM.

KuarwouoBi cioBa: MikpokiiMaTHuHe 30HYBaHHA, 010KJIIMaTH4YHE MPOEKTYBAHHS, MAJIONIOBEPXOBE JKUTIO, MiChbKa
Mopdororis, [liBgenno-Cxinuuii Kazaxcran, KIIMaTHYHO aTaNTHBHA apXiTEKTypa.

Statement of the Problem and Its Relation
to Important Scientific and Practical Tasks.
Bioclimatic design requires climatic information to
be translated into decisions made at the scale of a
particular site. Regional data describe temperature,
solar exposure, humidity and prevailing winds, but
the built environment modifies these conditions
through density, building height, street orientation,
surface cover, vegetation, relief and open-space
structure [1, p. 4185; 2, p. 5605]. Urban climatic
mapping and Local Climate Zone research therefore
demonstrate the need to represent intra-urban cli-
matic differentiation spatially rather than treat a city
as a homogeneous climatic unit [3, pp. 2213-2214;
4, p. 1879].
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This problem is particularly relevant to Almaty,
Konaev and Taldykorgan. The cities share a sharply
continental regional setting but differ in topography,
urban morphology, vegetation, water influence and
exposure to airflow. For low-rise housing, these dif-
ferences directly affect courtyards, pedestrian spaces,
ground surfaces and the relationship between build-
ings and landscape. The same planning strategy
may therefore have opposite effects: openness can
improve ventilation where air exchange is restricted
but increase wind discomfort in exposed areas, while
compactness can provide protection yet intensify
stagnation.

The scientific and practical gap lies between gen-
eralized regional climatic assessment and the spatial
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scale at which early architectural decisions are made.
This study addresses that gap by treating microcli-
matic zoning as an additional architectural-climatic
layer that does not replace regulatory zoning or
detailed simulation, but organizes climatic and spatial
information before the architectural concept is fixed.

Analysis of Recent Research and Publications.
Urban-climate research has progressively moved
from description toward spatial classification and
planning application. Urban Climatic Maps inte-
grate thermal load, ventilation, topography, land use,
vegetation and morphology and translate them into
planning information [3, pp. 2213-2214]. Earlier
work demonstrated that climatic assessment can be
spatially classified for urban and regional planning
objectives [1, p. 4185; 2, p. 5605], while applications
in high-density cities confirmed the value of climatic
mapping as a bridge between environmental analysis
and planning decisions [5, p. 1].

Subsequent studies expanded LCZ mapping
through GIS, remote sensing and machine learning
[6, p. 3835; 7, p. 1]. LCZ is relevant here as evi-
dence that urban climatic conditions can be differen-
tiated spatially, but it is not equivalent to the present
method: standardized LCZ classes support compar-
ative climate research, whereas architectural design
requires interpretation of the environmental priorities
of a particular site.

A parallel body of research shows that density,
massing, orientation, street geometry and open-space
configuration modify temperature, radiation and
airflow [8, p. 1; 9, p. 1]. Ventilation studies further
demonstrate that roughness, building arrangement
and continuity of open spaces influence ventilation
paths [10, p. 198]. Contemporary research increas-
ingly uses field measurements, CFD, remote sens-
ing and data-driven methods for detailed evaluation
[11, p. 1]. These tools provide quantitative resolution
but generally require inputs that may not exist when
fundamental decisions on orientation, openness,
massing and landscape structure are first made.

The reviewed literature therefore reveals an inter-
mediate methodological need. Urban climatic maps
operate primarily at planning scale, LCZ provides
standardized morphological-climatic classification,
and numerical simulation evaluates specific processes
at high resolution. The present study focuses on the
scale between them: a context-specific zoning proce-
dure that identifies dominant microclimatic priorities
before detailed architectural geometry is established.
This scale remains insufficiently developed for low-
rise housing in South-Eastern Kazakhstan.
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Purpose of the Article. The purpose of the article
is to develop and demonstrate a microclimatic zoning
approach for low-rise urban housing in South-Eastern
Kazakhstan by integrating regional climatic conditions
with local morphological and environmental modifi-
ers. Using Almaty, Konaev and Taldykorgan as case
studies, the study: (1) systematizes climatic, morpho-
logical and environmental factors contributing to local
differentiation; (2) establishes criteria for translating
these factors into microclimatic zones; and (3) deter-
mines how zoning information can support early-stage
bioclimatic design. The method is positioned as an
intermediate analytical layer rather than a substitute
for standardized classification, field measurement or
numerical simulation.

Presentation of the Main Research Material.
Climatic and Spatial Context of the Study Area.
The underlying research compared temperature pat-
terns, solar radiation, wind conditions and humidity
in Almaty, Konaev and Taldykorgan and interpreted
these data together with urban morphology, relief,
vegetation, water bodies and open-space structure.
The Olgyay chart and Mahoney tables supported cli-
matic interpretation, while graphic-analytical map-
ping was used to relate the regional background to
local spatial modifiers. The analysis showed that
regional similarity does not produce local uniformity:
Almaty is strongly affected by foothill relief, heter-
ogeneous density and ventilation structure; Konaev
by openness, wind exposure and the Kapchagay
Reservoir; and Taldykorgan by comparatively open
morphology, vegetation, terrain and local airflow.

Criteria and Sequence of Microclimatic Zoning.
The zoning procedure moves from climatic back-
ground to spatial diagnosis. First, regional climatic
conditions are established. Second, morphology is
assessed through development intensity, street structure
and openness. Third, environmental modifiers — relief,
vegetation, water and surface structure — are inter-
preted together with ventilation and solar exposure.
Fourth, these layers are synthesized graphically to
identify dominant combinations of exposure, protec-
tion, stagnation, thermal moderation and terrain influ-
ence. Finally, common criteria are applied to classify
territories into analytical microclimatic zones.

Five recurrent conditions were identified: wind-ex-
posed areas, moderately protected areas, stagnant-air/
heat-accumulation areas, green-cooling areas and ter-
rain-dominated areas. They are analytical categories
rather than regulatory boundaries; their value lies in
translating a complex spatial condition into a legible
climatic diagnosis. The integrated classification logic
is summarized in the proposed framework (Fig. 1).
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Climatic and Spatial Characteristics Relevant to Microclimatic Differentiation

Dimension Almaty Konaev Taldykorgan Zoning relevance
Topography Foothill/terrain Open terrain; reservoir | Valley/foothill influence | Modifies exposure and
influence interface airflow
Urban Dense and More open, mainly Comparatively open Modifies shading, heat
morphology heterogeneous low-rise storage and ventilation
Wind conditions | Terrain-related High relevance of Local airflow shaped by | Differentiates
circulation exposure openness/terrain protection and aeration
Green-blue Uneven but substantial |Reservoir and open Significant green Supports thermal
structure landscape structure moderation
Dominant Urban intensity + Openness + wind + Open morphology + Requires city-specific
implication terrain + ventilation water green structure + terrain | interpretation
Source: authors’ material.
1. SPATIAL MODIFIERS 2. MICROCLIMATIC CRITERIA 3. INTEGRATED ASSESSMENT 4. DOMINANT MICROCLIMATIC 5. ZONE IDENTIFICATION

{ANALYTICAL CRITERIA) (EVALUATION LAYERS)

Inreraction of all criteria
defines the dominant
microclimatic condition

Local spatial characteristica
msdifly the regional climatic
background and shape

microclimatic conditions,

Each criterion is evalusted
across the territory.
within each spatial unit

& Urban morphalogy
(denmity, operiers,
building structure)

Wirsd / ventilation
poatential

= Strest & open-epace structine Thermal pattern
loriontation, encheure, {heas / coal)
eentinley) - -
Solar exposure

= Green-hlue infrastrucire

potential
{vegetation, water bodles)

«  Topography & relief Coroen-hhae
(shope, elevation, valley, influence
foethill contest)

« Surface characteristies Topoyraphic

(huilt surfaces, permeabie context

[resp—

g

ZONE 1

WIND-EXPOSED AREAS MODERATELY PROTECTED AREAS

+ Maoderate enclosune

ZONE 3
ETAGNANT-AIR /
HEAT-ACCUMULATION AREAS

CONDITION

Gronping of spatial units
with similar dominans
conditions into analytical
microclimatic zones

Classification according
to the prevailing combination
of evaluated criterin.

ANALYTICAL PRINCIPLE
Mo single criterion
determines the zone.

The prevailing
conmbsination of clisnatic,
marphalogical, landse ape
and topographic factors
defines the dominant

Wind-expenet
condition

milernelimaric eandirian Mideately peviected

condition
-
w0 Stagrant-air |
METHODOLOGICAL ;//; heat-accumulation
QUALIFIER " condition
Zone types are analytical
categories foe archisectural & D
decision-making. -
They dio not regresent
eadastral o regulatary Terruin-dominated
Bumnelaries snd amm not cndirion
derived from CFD
srmalatars.
ZONE 4 ZONE 5 i

GREEN COOLING ARFAS TERRAIN-DOMINATED ARFAS

+ O maephel s, 4 E z

S it + Balanced verailation %g,’f’ S v High density / enclosure High vogusiion Strang terrain influence |

= High wind aspoiure ol 7/ - ST « Presence of water « Cold-air flows / H

+ Gand ventilation "m“’"'T: g ',////f & High snlar ek + Good shading valley ulffects i

- . ks i ’ “ = Oy L i 3 |

+ Low enclosure e - “ Y%, Limized i e Coidber mcroclimaty * Vnriahle exposure |
DOMINANT OUTCOME: DOMINANT QUTCOME: DOMINANT OUTCOME DOMINANT OUTCOME: DOMINANT QUTCOME: i

High ventilation patential with
risk of excessive wind exposure

Balnnced conditions hetween
protection and ventilation

LEGEND (SYMBOLS) Wind / vertilation

% Tharmal (heat / coal)

Stagnant air and increased risk
of heat accurmulation

Coaling influence and thermal Terrain- driven microclimane

maderntion with variahle exposure

Solar exposure Grwen-lihue structure Topography / terrain

Note: This diagram represents a methodological sequence showing how multiple spatial and

criteria are integ;

taor iclemtifly dominant microclimatic conditions and delineate

zones for archi ! king

Fig. 1. Multi-Criteria Logic of Microclimatic Zone Identification. [Authors’ material]

Comparative Results for the Three Cities.
Application of the same criteria produced differ-
ent dominant combinations of microclimatic mod-
ifiers. In Almaty, intensive urbanization interacts
most strongly with terrain and ventilation structure;
in Konaev, openness, wind exposure and reservoir
influence are more pronounced; in Taldykorgan, open
morphology, green structure and terrain form the
dominant combination. The result is not a universal
spatial template but a consistent analytical procedure
whose outcome remains city-specific. This finding is
central to the method: comparability is provided by
common criteria, while climatic specificity is pre-
served through local interpretation.

From Zoning Information to Bioclimatic Design
Priorities. Microclimatic zoning is intended to diag-
nose design priorities before a fixed building form is
selected. Wind-exposed territories require considera-
tion of protection and orientation; restricted-aeration
areas require permeability and ventilation; high solar
exposure requires seasonal control of gains and shad-
ing; green structures should be treated as climatic
resources; and terrain-related conditions require siting
to respond to relief. Thus, zoning does not prescribe
a single architectural solution but identifies the envi-
ronmental question that the concept must address. Its
position within the early-stage design process is sum-
marized schematically (Fig. 2).
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Analytical Criteria for Microclimatic Zone Identification

What is evaluated
Density, openness, enclosure
Exposure and continuity of airflow
Exposure related to spatial structure
Vegetation and water-related landscape
Slope, valley/foothill condition

Criterion
Urban morphology
Ventilation potential
Solar exposure
Green-blue infrastructure
Topographic context

Microclimatic implication
Heat accumulation, shading, permeability
Ventilation, excessive exposure or stagnation
Passive gains or overheating risk
Shading, moderation, airflow modification
Air movement, exposure, solar differentiation

Source: authors’ material.

1. REGIONAL CLIMATE 2. URBAN SPATIAL 3. MICROCLIMATIC ANALYSIS 4. MICROCLIMATIC ZONING 5. DESIGN PRIORITIES 6. ARCHITECTURAL

(BACKGROUND) MODIFIERS & INTERPRETATION (DIAGNOSTIC LAYER) (EARLY STAGE) CONCEPT
Defines the general Local spatial ch st grated i of Classification of territories Key environmental issues Translates priorities into
climatic context modify the regional climatic and spatial factors according to dominant that should be addressed spatial, volumetric and

climatic hackground,

microclimatic conditions

landscape solutions

= Lrban morphology
(density, opennes,
building structure)

* Tempernture regime » Control wind exposure
and provide protection

+ Solar radistion
(insolation)

*  Swreet & open-space structure

(orientation, enclosure, A Ratms pacserne

(heat / coul)

= Improve ventilation
and permeability

continuity)

>

= > >
Wind :;’“dmlx « Green-blue infrastructure Solar exposure + Optimize solar access
{prevalling winds) (vegetation, water bodies) parterns and shading
» Humidity / precipitation « Topography & reliel o’ 4 Giroen-blue
(slope, elevation, r.-;.'* ¥ i ¢ T RTOARA R Al it
valley/foathill comtext) Wind-exposed arcas green=blue structure
« Surface characteristics Topography i ity

+ Respond to terrin-related
conadithons

{built surfaces, permeable T Seagnantesir | hest-scoumulation areas

Fpen spaces) i Green cooling areas
Terrain-dominated areas
Sharply continental climate Analysis based on open & official data: Integrated interpretation of Analytical zones for architectural s e Bioclimatic architectural
of South-Eastern K , NASA POWER, 0SM, microclimatic patterns and decision-making: not regulatory ey T 1 concept for low-rise

conlext-sensitive priorities

SRTM DEM, ESA WorldCover, ete. environmental structure or CFD-derived boundaries urban housing
4 4 4 4
i i H H i
S S A R O S P demmcmmnaa Ry, L gy iy :
L
PERFORMANCE VALIDATION AND REFINEMENT
Field measurements CFD simulation | Solar radistion simulation Building energy modelling
(tempernture, wind, ete.) {wind, thermal comfort) (insolation, shading) {performance cvaluation)
Validates and refines architectural solutions based on microclimatic zoning and concept
Note: This fr k rep a hodological seq Microclimatic zoning is an intermediate analytical layer connecting
regional climatic assessment with architectural design and does not replace field measurements or numerical simulation.
Fig. 2. Microclimatic Zoning as an Intermediate Design-Support Layer. [Authors’ material]
Table 3

Translation of Microclimatic Diagnosis into Early-Stage Design Priorities
Diagnosed condition
Wind exposure

Restricted ventilation / heat
accumulation

High solar exposure
Green-cooling influence
Terrain influence

Primary issue
Excessive air movement
Stagnation and thermal stress

Early-stage priority
Protection, enclosure and orientation
Permeability and airflow

Useful gains / summer overheating
Existing thermal moderation
Relief-dependent airflow/exposure

Seasonal solar control and shading
Preserve and integrate vegetation
Coordinate siting with terrain

Source: authors’ material.

Methodological Scope and Synthesis. The pro-
posed maps and zones are based on graphic-analyti-
cal integration of climatic, morphological, landscape
and topographic information. They identify domi-
nant spatial relationships for design interpretation
and are not quantitative predictions of temperature,
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wind velocity or thermal comfort at individual points.
Field measurements and CFD remain necessary for
detailed verification [11, p. 1; 12, p. 1; 13, p. 1]. The
proposed method addresses an earlier stage, when
detailed geometry may not yet exist. Its sequence
can be summarized as: regional climate — spatial
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ty diagrams are schemati
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Fig. 3. Integrated Microclimatic Zoning Framework. [Authors’ material]

modifiers — microclimatic diagnosis — zoning —
design priorities — architectural concept — detailed
performance testing. The complete methodological
sequence is summarized schematically (Fig. 3).

Main Conclusions and Prospects for the Use of
the Research Results. The study confirms that gener-
alized regional climatic characteristics are necessary
but insufficient for site-specific bioclimatic design.
In Almaty, Konaev and Taldykorgan, a broadly com-
parable continental climate is locally modified by
different combinations of morphology, ventilation,
topography, vegetation, water and spatial exposure.
Common analytical criteria therefore produce differ-
ent city-specific outcomes.

Microclimatic zoning is proposed as an interme-
diate architectural-climatic layer between regional
assessment and site-specific design. Its contribution
lies in a repeatable sequence that integrates climatic
background, local spatial modifiers and multi-criteria
interpretation into a diagnostic zoning structure. The
five recurrent conditions are not regulatory classes
and do not prescribe fixed building forms; they iden-
tify environmental priorities that should be addressed

during orientation, massing, openness, landscape and
outdoor-space decisions.

The methodological sequence may be adapted to
other continental-climate cities, but the resulting zon-
ing cannot be transferred directly because it depends
on local morphology and environmental structure.
Further research should validate zone characteristics
and boundaries through seasonal field measurements,
GIS and remote-sensing analysis and numerical
microclimate modelling. Validation against meas-
ured data is particularly important for reliable CFD-
based assessment [12, p. 1; 13, p. 1]. The principal
conclusion is that microclimatic zoning can bridge
the gap between generalized climate information and
early architectural decision-making while retaining
detailed simulation as a subsequent verification stage.

Information on the use of artificial intelligence.
Artificial intelligence tools were used as auxiliary sup-
port during manuscript preparation, including language
editing, text organization, and development of prelimi-
nary diagram layouts. All scientific content, source data,
analytical interpretations, results, conclusions, and final
materials were reviewed and verified by the authors.
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