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Abstract. Bioclimatic design of low-rise housing in South-Eastern Kazakhstan is constrained
by sharply continental climate conditions, pronounced seasonal temperature contrasts, complex ter-
rain, and uneven urban aeration. Conventional design approaches based on averaged regional climate
data fail to reflect local variations in temperature, wind, solar exposure, and humidity caused by urban
morphology, relief, and landscaping. The aim of the study is to develop a differentiated architectural
and planning model for low-rise housing based on microclimatic conditions. The methodology com-
bines comparative-typological analysis, bioclimatic assessment, and graphic-analytical interpretation
using case studies of Almaty, Konaev, and Taldykorgan. The comparative analytical component in-
cludes the assessment of three representative residential districts formed in the Soviet and post-Soviet
periods using measurable spatial and environmental indicators, including development density, build-
ing spacing, orientation, degree of enclosure, and basic ventilation characteristics. The qualitative
assessment covers spatial configuration, insolation conditions, wind regime and aeration, integration
of green elements, thermal adaptation, and energy performance. The results show that urban territo-
ries are microclimatically heterogeneous and consist of distinct zones with different combinations of
climatic and morphological parameters, affecting ventilation conditions, solar access, and thermal
comfort. Five site types were identified: wind-exposed, moderately protected, stagnant-air, green/rec-
reational, and terrain-influenced zones, each requiring specific architectural responses. The identified
relationships between spatial configuration and microclimatic performance provide a basis for trans-
lating environmental conditions into design parameters. The study proposes a differentiated model of
architectural and planning solutions based on microclimatic zoning, enabling context-sensitive design,
improving environmental performance, and supporting the development of climate-responsive low-
rise housing in Kazakhstan.

Keywords: bioclimatic architecture, low-rise housing, microclimatic zoning, urban morphol-
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OHTYCTIK-IIBIFbIC KABAKCTAHJIAFbI TOMEH KABATTBI
TYPFBIH YIJIEPAIH MUKPOKJIUMATTBIK
JTUOOEPEHLAALUSICHI
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Anparna.  Oymycmix-Illvievic  Kazaxcmanoazet momen  Kabammvl mMypvlH — yiuodi
OUOKIUMAmMMBIK  JC00ANAY KYPM  KOHMUHEHMMIK —KIUMAm, MaycIMOblK —MeMNepamypanbiy
AL PMAUbLILIKMApOblY AUKbIH 001Ybl, Kypoeni dcep bedepi Jicane Kanaivlk Opmansly OIpKeixi emec
aspayuscvimen cunammanaovl. Opmawia atmMakmolk KIUMAmmslK Kopcemkiuimepee Heziz0enzeH
dacmypni macindep KYpoliblC MOP@ONOUACH, penbedh) dcoHe Ko2ardaHovipy acepinen
Kanulnmacamoli memnepamypa, dcell, KyH CIVIeCiHiy Mycyi dHcoHe bLI2ANObLILIKINbIY HCePIilikmi
aubIPMAUBLILIKMAPLIH  eckepmeliol. 3epmmeyoiy Makcamol - MUKDOKIUMAMMbBIK HCALOAULAPOLL
eckepe Omulpbln, mMemMeH Kabammbl MYpebiH YUOiH CapanaHean cayiemmik-HcoCnapiay Mooenin
a3ipney. Oodicmeme CanbLICMbIPMANbI-MUNOLOSUSILIE MALOAYObl, OUOKIUMAMMBLK 0AANAYObl HCIHE
Anmamel, Komnaes owcone Tanovikopzan xKanranapvl MblCATLIHOA —2PADUKALBIK-AHATUMUKATLBIK
unmepnpemayuanel  Kammuowvl.  CanbiCMblpmManbl-QHATUMUKALLIK, —~ 001IM — KeHecmiK — J#CoHe
nocmkeHecmik KezeHoepoe KAIblNMACKAH YUl penpe3eHmamuemi mypeviH ayOaHObl KeHICMIKmiK
JICoHe opma KepcemKiuimepi apKwlivl 6aAa1ayObl KAMMUObL, OHbIH [WiHOE KYPbLIbIC Mbl2bl30blebl,
SUMapammap apacvblHoaesbl KAWbIKMblK, 0a20apiaHy, KeHicmikmiy mYUublKmany 0dpesxceci JHcaHe
Jrcenoenty cunammamanapsl Kapacmulpuvlieal. Kocvivuwa mypoe MUKPOKAIUMAM KAlbiNMACYbIHA
acep ememin KeyiCmIiKmiK Kypblivlm napamempiepi ecenke anbiHobl. Cananbik 6a2anay Keyicmikmix
KOH@USYpayusaHbl, UHCONAYUS HCAROAILIAPBIH, HCEl PEHCUMI MEH A3PAYUAHDBL, HCACHLI dTeMeHmmepoiy
UHME2PAYUSICLIH, JICOLLIYILIK OeltlimOenydi Jicone 3Hepaus muimoinicin Kkammuovl. Homuowcenep
Kananvlk — aymakmapobly MUKDOKAUMAMMbIK —MYPEblOAH PKENKi eKeHIH JicoHe  dicendenty
AHCA20AUNAPBIMA, KYH CIVILECIHIH MYCYIHe JHCIHE HCOLIYIbIK HCAIBLILIKKA dcep ememin KIUMAmmablK
Jicone  Mop@ono2usnebly napamempiepoiy apmypai yunecimoepi 6ap atmaxmapaa OoniHemiHin
Kkepcemmi. bec yuacke mypi aHblKmanowi: dHcence aubly, OpMauia KOpeaizaH, aya mypuln KajlamolH,
JHCACHLN JHCOHE PeKpeayusiblK, COHOAU-aK penvepre mayenrdi aumakmap, onapovly IPKAUCbICHIHA
calkec caynemmix wewimoep Kadicem. Kenicmikmik —yivimoacy MmeH —MUKPOKIUMAMMbIK
CUNAMmMamanap apacblHOasbl aHLIKMANEAH OAIAHLICMAP OPMA HCAZOAUNAPLIH HAKMbL HCOOANAY
napamempiepine auHaIObIpy2a MYMKIHOIK Oepedi. 3epmmey HamMudiceciHoe MUKPOKIUMAMMbIK,
auMaKkmanovlpyea He2izoeleeH CApaiaHean — CayLemmikK-#COCRApLay MOOeli YCbIHbLIObL, Ol
KOHmeKcmKe OetliMoenzen H#cobanayobl KamMmamacsl3 emeoi HeaHe MmYpPeblH OPMAHbIY IKOTO0SUSLIbIK,
muimoiniein apmmaolpaobl.

Tyiiin ce3nep: 6uokiumMammelx cayiem, moMeH Kabammsl MYPEblH Vi, MUKPOKIUMAMMBIK
auMagmaHobvIpy, Karanvlk Mmopgonozus, scodbanayost capanay, Oymycmix-Llvievic Kazaxcman.
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B IOI'0O-BOCTOYHOM KA3AXCTAHE
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AHHOTANUA. bBuoxnumamuueckoe HPOESKMUPOBAHUE MANOIMANCHO20 dHcunvst 6 [Ozo -
Bocmounom Kazaxcmane ocnodcuaemcs pesko KOHMUHEHMANbHbIM KIUMATNOM, BblPAXCEHHLIMU
CE30HHbIMU MEMNEPAMYPHLIMU KOHMPACAMU, CLONCHBIM pelbedhomM U HepasHOMEpPHOU ajspayuel
20poocKoll  cpedvl. Tpaouyuonnvie nNOOX00bl, OCHOBAHHLIE HA VCPEOHEHHLIX PecUOHATbHBIX
KAUMAMUYECKUX OAHHbIX, He OMPAXCAIOm NOKAIbHblE 8APUAYUY MEMNEPATNYPHO20 PeXCUuMd, 8empd,
UHCOAYUU U BTANACHOCIU, 00YCN08IEHHbIE MOPONO2UEll 3aCmPOliKY, pelbehom u 03enieHenuem. Llens
ucciedosanus - paspabomka Ou@@depeHyupoBantol apxXumeKkmypHo - NIAHUPOSOHHOU MOoOeu
MANOIMANCHO2O IHCUNILSL HA OCHOBE MUKPOKIUMAMUYECKUX Yycaosuti. Memooonozus 6xkuouaem
CPABHUMENLHO-MUNOLOSUYECKULL  AHATU3, OUOKTUMAMUYECKYIO OYEHKY U 2papoanarumuieckyio
uHmepnpemayuio Ha npumepe 2opooos Ammamel, Konaes u Tanovikopean. CpasHumenvHo — -
AHATUMUYECKAs YACMb BKAI0OYAem OYeHKY MPEX penpe3eHmamuHbliX HCUNbIX PAlOHO8 COBEMCKO20 U
NOCMCOBEMCKO20 NEPUOO08 C UCHONbIOBAHUEM UIMEPAEMBIX NPOCMPAHCIMBEHHBIX U CPEeO00B8biX
nokaszameret, 6KIIOYAL HIOMHOCMb 3ACMPOUKY, PACCMOAHUSA MeHCOY 30aHUAMU, OPUEHMAYUIO,
CMeneHb 3aMKHYMOCMU U  XAPAKMEPUCMUKU — GeHMUIAYUU.  [[ONOIHUMENbHO — YYUMbIBANUCD
napamempuvl NPOCMPAHCMBEHHOU CMPYKMYPbl, GIUAWUE HA (QOPMUPOBAHUE MUKPOKIUMAMA
sacmpotiky. Kauecmeennas oyenxa oxeamvléaem NpOCMPAHCMEEHHYIO KOHpuU2Yypayur, YCiosus
UHCONAYUU, 8EMPOBOLL PEXHCUM U A3PAYUIO, UHMESPAYUIO 3EEHbIX INeMEHMO8, MENI08)10 dOANmMAayuio
u  3Hepeodaghgpexmusnocms.  Pezynomamul  nokazvigarom, umo — 20poOcKue — meppumopui
Xapaxkmepuzyiomces: MUKpOKIUMAMUYECKOU HeOOHOPOOHOCMbIO U BKIIOUAIOM 30HbL C PA3IUYHbIMU
CoYemaHuamMy  KIUMAMUYecKux U Mop@osocudeckux napamempos, GIUAIOWUX Ha YCI08UA
BEHMUNAYUY, UHCONAYUIO U  Menniogol komgopm. Bwideneno names mMunog yuacmkos:
8eMPOOMKPbIMblE, YMEPEHHO 3AWULEHHbIE, 3ACMOlIHble, 03eNeHEHHbIE U PeKPeayUOHHble, d MaKice
penvepHo - 00YC061eHHbIe 30HbL, 011 KOMOPbIX MPeOyIomcs pa3iuiHble ApXUmeKmypHble peuleHus.
Buissnennvle 3aumocsssu mexcoy npocmpaHCmEeHHOU opeanusayuell U MUKPOKIUMAMUYECKUMU
Xapakxmepucmukamy Hno360JsIIOM NepesooUms Cpedogvle YCA08Us 6 KOHKPEemHble NPOeKmHble
napamempul. Ilpednosicena ouggheperyuposanuas mMooenb apxumexkmypHO-niaHUPOBOYHbIX peuleHUll
HA OCHO8E MUKDOKIUMAMUYECKO20 30HUPOBAHUS, 00eCnedu8arouids KOHMeKCMHO - OPUEHMUPOBAHHOE
NPOEKMUposanue u NOGbILUEHUE IKOI02ULECKOU IPPEeKMUBHOCIU MATOIMANHCHO2O HCUTBSL.

KaroueBble  cI0Ba:  OUOKIUMAMUYECKAs — APXUMEKMYPA,  MAL0IMANCHOE — JHCUTLE,
MUKDOKIUMAMUYECKOEe 30HUPOBaHuUe, 20poocKas mopghonoaus, ouppepenyuayus npoexmuposarus,
FO20-Bocmounvtii Kazaxcman.
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1 INTRODUCTION

The transition toward environmentally responsive housing has become a strategic architectural
task under conditions of climate change, rising energy costs, and increasing pressure on urban infra-
structure. In South-Eastern Kazakhstan, this task is especially acute because residential design must
respond simultaneously to strong seasonal temperature contrasts, pronounced solar exposure, varied
relief, and local differences in wind and aeration regimes. Under such conditions, low-rise housing is
significant not only as a building type, but also as a potentially adaptive urban model capable of
combining residential comfort, environmental quality, and reduced operational energy demand.

In Kazakhstan, the relevance of climate-responsive housing is reinforced by both international
and national agendas for sustainable development and energy efficiency. At the same time, domestic
architectural research has increasingly addressed the transformation of residential architecture, eco-
logical parameters of the housing environment, and the influence of urban morphology on environ-
mental quality [5; 7; 13]. These studies confirm the growing attention to residential quality in Ka-
zakhstan, but they also show that design practice still often relies on enlarged territorial regulation,
whereas the actual urban environment is microclimatically heterogeneous.

This contradiction is particularly important for South-Eastern Kazakhstan, where the same ur-
ban territory may include foothill areas, open wind-exposed plots, stagnant-air zones, green recrea-
tional sectors, and terrain-influenced sites. As a result, average climatic parameters do not adequately
reflect the real environmental conditions within which low-rise housing is formed and operated. This
creates a need for a more differentiated design approach that considers local microclimatic conditions,
urban-planning structure, and spatial characteristics of the residential environment.

The purpose of the article is to identify the architectural and planning principles of low-rise
urban housing in South-Eastern Kazakhstan and to substantiate a differentiated bioclimatic design
model for Almaty, Konaev, and Taldykorgan. The article focuses on the relationship among urban
microclimate, spatial and volumetric organization, site typology, and climate-sensitive architectural
response in low-rise housing.

The scientific novelty of the study lies in the development of an integrated approach to low-rise
housing design based on microclimatic differentiation at the urban scale. Unlike existing studies in
Kazakhstan, which primarily address either building-level bioclimatic performance or general urban
morphology, the present research establishes a direct link between microclimatic heterogeneity, site
classification, and architectural-planning solutions.

For the first time in the context of South-Eastern Kazakhstan, the study proposes a systematized
classification of low-rise residential environments based on microclimatic conditions and translates
this classification into a set of differentiated design strategies. The novelty also consists in combining
comparative-typological analysis, bioclimatic assessment, and graphic-analytical interpretation
within a unified methodological framework applicable to urban residential design.

The contemporary discussion of climate-responsive housing is shifting from generic energy-
efficiency rhetoric toward territorially specific models that connect landscape, climate, and architec-
tural form. In the context of recent architectural research in Kazakhstan, this line is developed through
studies of architecture in extreme climatic conditions and regional design, where adaptation is treated
not as a decorative motif but as a planning and environmental strategy [1; 8; 9]. This shift moves the
discussion away from formal stylistic interpretation toward the relationship between environmental
constraints and architectural decision-making. This perspective is consistent with foundational stud-
ies in urban climatology and climate-sensitive design, which emphasize the role of spatial structure,
urban morphology, and environmental parameters in shaping microclimatic conditions [16-19].

This direction is reinforced by recent research on building bioclimatic microclimate, which
demonstrates that envelope configuration, solar exposure, ventilation, and the interaction between
form and local environmental conditions should be assessed as an integrated system rather than as
isolated parameters [12]. Similarly, broader housing-performance studies show that energy efficiency
depends on the integration of passive design, envelope-related decisions, and site-sensitive planning,
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rather than on isolated technical measures alone [2]. However, these studies are primarily focused on
building performance and do not sufficiently address the differentiated urban placement of low-rise
housing under varying microclimatic conditions.

A second group of studies is directly relevant to the evolution of housing architecture and resi-
dential complexes in Kazakhstan. Historical and contemporary transformations of residential build-
ings in Astana show that housing form is shaped by socio-economic change, typological restructuring,
and new demands for comfort, safety, and accessibility [13-14]. Parallel studies of social housing and
indoor environmental quality indicate that affordability alone is insufficient without adequate micro-
climatic performance and spatial quality [11; 15]. This argument is consistent with research treating
indoor air quality and ventilation in residential buildings as integral sustainability factors rather than
secondary technical issues [4]. This aligns with research emphasizing the role of urban ventilation
strategies and airflow management in high-density residential environments, where spatial configu-
ration directly affects air movement and environmental quality [20]. Yet these works concentrate
mainly on housing quality and residential evolution and do not develop an operational model that
links climatic heterogeneity to differentiated low-rise design decisions.

A third group of studies addresses the urban and environmental scale. Research on Almaty’s
public realm and urban morphology shows that spatial structure, density, interfaces, and environmen-
tal fragmentation strongly influence the everyday quality of urban life [6-7]. Related work on the
socio-ecological microclimate of residential environments emphasizes the role of greening, environ-
mental quality, and regional factors in shaping residential complexes [5]. At the theoretical level, this
perspective intersects with studies exploring the convergence of organic architecture and city plan-
ning and arguing for stronger ecological continuity across building and urban scales [10]. These con-
tributions are highly relevant, but they remain analytically fragmented: some focus on regional iden-
tity, others on housing typology, others on urban morphology, and others on socio-ecological perfor-
mance.

The main research gap, therefore, lies in the absence of an integrated model that directly links
microclimatic differentiation, site classification, and architectural-planning decisions for low-rise
housing in South-Eastern Kazakhstan. The present study addresses this gap by combining typological
analysis, bioclimatic assessment, urban microclimatic interpretation, and architectural synthesis in
order to formulate a differentiated model of low-rise housing design adapted to local environmental
conditions.

2 MATERIALS AND METHODS

The empirical basis of the study includes three cities in South-Eastern Kazakhstan: Almaty,
Konaev, and Taldykorgan, selected to represent different combinations of natural-climatic conditions,
urban morphology, and stages of low-rise residential development. The methodological framework
is based on a four-stage research design combining comparative-typological analysis, bioclimatic as-
sessment, graphic-analytical interpretation, and architectural synthesis.

Within each city, one representative low-rise residential district was selected (total n = 3 dis-
tricts). The selection was guided by a set of criteria, including the presence of low-rise housing (up
to three storeys), the period of formation (Soviet or post-Soviet development), distinct urban mor-
phology in terms of block structure, density, and layout type, the availability of an open spatial struc-
ture enabling microclimatic interpretation, and representativeness for typical residential development
patterns of each city.

The selected districts include a low-rise residential area located in the foothill zone of Almaty,
a low-rise development area in Konaev characterized by open wind exposure, and a low-rise residen-
tial district in Taldykorgan with a mixed morphological structure. Within each district, between 10
and 15 residential units or building groups were analyzed, resulting in a total sample of approximately
35-40 observational units.
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The methodological framework consists of four sequential stages. The first stage involves com-
parative-typological analysis, which identifies the main types of low-rise housing, including detached
houses, duplexes, townhouses, clubhouses, and low-rise apartment buildings, with consideration of
spatial organization, functional zoning, and their relationship to the urban context. The second stage
focuses on bioclimatic assessment, evaluating environmental factors influencing residential perfor-
mance, including temperature regime, solar radiation (insolation), wind conditions and prevailing
directions, aeration potential, terrain characteristics, landscaping and vegetation, and development
morphology.

The third stage consists of graphic-analytical interpretation, which examines spatial structure
and environmental interactions through parameters such as development density, building placement
and orientation, courtyard configuration, the presence of ventilation corridors, and the degree of en-
closure or openness of the urban fabric. The fourth stage involves architectural synthesis, in which
the results are systematized into a differentiated model and a classification of site types with corre-
sponding design responses.

The comparative analytical component of the study is based on the assessment of selected res-
idential districts using measurable urban and architectural indicators. These indicators include devel-
opment density (built-up area ratio), building height expressed as the number of storeys, distances
between buildings, orientation of buildings relative to cardinal directions, insolation conditions cate-
gorized as sufficient, limited, or insufficient, the degree of enclosure of courtyard spaces (open, semi-
enclosed, or enclosed), the presence of green elements (low, moderate, or high), and ventilation con-
ditions (favorable, moderate, or weak).

The data collected were systematized in a comparative analytical matrix and used to identify
recurring spatial and environmental patterns across the three case studies. The resulting classification
is summarized in Table 2. The qualitative analysis complements the comparative analytical compo-
nent and focuses on the architectural and environmental performance of low-rise housing, including
spatial-volumetric characteristics, functional zoning, integration of natural elements, thermal adapta-
tion strategies, energy-efficiency related design features, and the interaction between buildings and
microclimatic conditions. The qualitative assessment is structured as a system of interrelated indica-
tors (Figure 1), forming the analytical basis for subsequent interpretation.

The integration of measurable spatial indicators and qualitative assessment enabled the identi-
fication of stable relationships between urban morphology and microclimatic performance. Based on
this synthesis, five microclimatic site types were defined, including wind-exposed zones, moderately
protected zones, stagnant-air zones, green and recreational zones, and terrain-influenced zones. These
categories were validated through cross-case comparison of the three cities and used as the basis for
developing differentiated architectural and planning solutions.

The reliability of the analysis was ensured by a consistent set of spatial and environmental
indicators applied across all case studies. The comparison of districts was conducted using identical
evaluation criteria, which allowed the identification of recurring patterns independent of local mor-
phological variations. Cross-case validation was performed by correlating observed spatial configu-
rations with corresponding microclimatic conditions in each city.

The limitations of the methodological approach are related to the use of analytical and compar-
ative methods without detailed instrumental measurements or numerical simulation. However, the
selected framework provides a sufficient level of generalization for identifying stable relationships
between urban morphology and microclimatic performance. The proposed approach can be further
developed through the integration of BIM and CFD based modeling for quantitative validation of the
identified design patterns.
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Input Data
Climatic data Urban morphology Architectural parameters
= temperature regime = Development density = Housing typology
= solar radiation = Street network structure = Building layout
= wind conditions = Building spacing = Number of storeys
= humidity = Terrain = Spatial organization
v v v
Analytical Indicators
Spatial indicators Climatic indicators Environmental indicators
= Density = Insolation (sufficient / limited / = Greening level
= Compactness insufficient) = Thermal adaptation
= Courtyard type * Wind exposure = Energy performance
= Ventilation (faverable / moderate / week)

\4 v
Assessment Methods

Comparative analytical assessment (measurable indicators) Qualitative assessment

= Density (%) = Spatial configuration

= Building height (storeys) = Ventilation potential

= Distances between buildings (m) = Integration of green elements
= Orientation = Microclimatic behavior

= Degree of enclosure

v

Interpretation

Microclimatic zoning (5 site types)

= Wind-exposed zones

= Moderately protected zones
= Stagnant-air zones

= Green/recreational zones

= Terrain-influenced zones

v

Differentiated design solutions

= Orientation strategies

= Density regulation

= Courtyard design

= Ventilation corridors

= Greening strategies

= Buffer spaces (loggias, terraces)

Figure 1 - Analytical framework integrating input data, analytical indicators, and quantitative and qualitative methods
for microclimatic zoning and differentiated design of low-rise housing [Authors’ material]

Overall, the methodology is comparative, typological, and graphic-analytical. It is aimed at
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identifying the relationship between environmental conditions and architectural solutions and at de-
veloping a context-sensitive model for low-rise housing in South-Eastern Kazakhstan.
3 RESULTS AND DISCUSSION

The analysis shows that the environmental performance of low-rise housing in South-Eastern
Kazakhstan depends on the combined interaction of natural-climatic, urban-planning, and
architectural-planning factors rather than on any single parameter. The comparative analysis of the
selected districts in Almaty, Konaev, and Taldykorgan confirms that low-rise housing should be con-
sidered as a differentiated architectural system, whose spatial organization and environmental effec-
tiveness depend on local microclimatic conditions, development morphology, terrain, and the degree
of environmental exposure or protection.

Accordingly, the principal result of the study is the identification of microclimatic heterogeneity
as the key basis for differentiated low-rise housing design. The analytical framework presented in
Figure 1 integrates climatic, urban, and architectural parameters and demonstrates how these varia-
bles are translated into a system of qualitative and quantitative indicators, forming the basis for sub-
sequent interpretation and design decision-making.

The analysis also shows that the regional typology of low-rise housing including detached
houses, duplexes, townhouses, clubhouses, and low-rise apartment buildings does not determine en-
vironmental performance by itself. The same typological unit may function differently depending on
its orientation, spatial configuration, density, and relationship to airflow and solar exposure. There-
fore, generalized design approaches based on average climatic parameters are insufficient and require
refinement through site-specific microclimatic assessment.

At the same time, the comparative analysis of the examined districts revealed a number of re-
curring deficiencies associated with the insufficient consideration of bioclimatic factors in architec-
tural-planning decisions. Across the analyzed cases, these deficiencies include limited adaptation of
building layouts to prevailing wind and solar conditions, insufficient use of buffer spaces, weak inte-
gration of greenery, and inadequate response to terrain and site exposure. In morphologically dense
or poorly ventilated areas, these features are associated with reduced aeration potential and less fa-
vorable courtyard microclimate, particularly under summer conditions. In Almaty, these effects ap-
pear more pronounced due to basin-like topography and restricted air circulation, which intensify
local environmental discomfort.

Thus, the findings of the present study are consistent with previous research demonstrating that
residential environmental quality depends on the combined influence of urban morphology, ventila-
tion conditions, landscaping, and envelope-related design decisions [2; 4; 5; 7; 12] . Accordingly, the
main contribution of the study lies not in asserting universal technical deficiencies, but in identifying
stable relationships between local microclimatic conditions and the need for differentiated
architectural and planning solutions.

The analysis shows that low-rise urban housing in South-Eastern Kazakhstan represents a ty-
pological field rather than a fixed architectural form. The identified types: detached houses, duplexes,
townhouses, clubhouses, and low-rise apartment buildings, are distributed unevenly across the three
cities and reflect different stages of residential development and varying levels of environmental ad-
aptation.

As shown in Table 1, key planning parameters of low-rise development, such as building height,
density, orientation, and distances between buildings, are directly related to microclimatic
performance. These parameters influence solar access, ventilation potential, shading conditions, and
the formation of courtyard microclimate. Table 1 summarizes key planning parameters identified
through comparative analysis of the selected case studies and interpreted in relation to commonly
applied regulatory provisions in Kazakhstan.

The comparative analysis of the selected districts made it possible to identify a set of recurring
spatial parameters that systematically influence microclimatic performance. These parameters are not
isolated characteristics but function as interdependent variables shaping ventilation conditions, solar

15
https://doi.org/10.51488/1680-080X/2026.2-01


https://doi.org/10.51488/1680-080X/2026.2-01

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

access, and thermal behavior at the scale of residential environments. Development density, building
spacing, orientation, and the configuration of courtyard spaces were found to play a decisive role in
the formation of local microclimatic conditions.

At the same time, the analysis indicates that these parameters cannot be interpreted inde-
pendently of their regulatory and planning context. Their values and spatial configurations are par-
tially constrained by commonly applied planning provisions, while their environmental performance
depends on the specific combination and spatial arrangement within each district. This necessitates a
structured interpretation of planning parameters not only as formal indicators but also as variables
directly related to environmental performance.

Table 1 - Planning parameters of low-rise development and their bioclimatic relevance [Authors’ material]

Parameter

Typical planning provision

Bioclimatic significance

Building height

Up to 3 storeys (low-rise category)

Reduces wind load and enhances connection
with the surrounding environment

Development density

Low to medium

Ensures adequate solar access, ventilation,
and reduced overheating effects

Insolation

Compliance with solar access standards

Forms a comfortable microclimate and
reduces energy consumption

Building orientation

Consideration of cardinal directions and

Optimizes natural lighting and natural

prevailing wind patterns ventilation
Distances between Regulated sanitary and insolation Prevents excessive shading and improves site
buildings spacing aeration

Greening/landscaping

Mandatory landscaping of courtyards
and surrounding areas

Reduces overheating, improves microclimate,
and enhances environmental quality

Courtyard spaces

Formation of semi-enclosed and safe

Creates buffer zones and a comfortable social

courtyards environment
. Placement of vehicles outside courtyard Reduces noise and pollution and improves
Parking and transport . .
areas environmental quality

Materials and facades

Application of energy-efficient and
environmentally friendly solutions

Increases thermal performance and overall
building sustainability

Across the examined cases, more effective solutions are associated with compact and spatially
coherent layouts, rational orientation relative to cardinal directions, and clear functional zoning. L-
shaped and semi-enclosed configurations more often form protected courtyard environments, while
perimeter arrangements provide more stable insolation conditions and increased spatial definition.
Buffer elements such as loggias, terraces, verandas, galleries, and vestibules act as transitional zones
between exterior and interior environments and contribute to environmental regulation at the building
scale.

As illustrated in Figure 2, spatial-volumetric characteristics, including building form,
articulation of facades, shading elements, and transitional spaces, define the architectural structure of
low-rise housing and its spatial organization. These findings are consistent with studies emphasizing
the role of passive design strategies and envelope-related solutions in improving environmental per-
formance [12].

These relationships indicate that spatial-volumetric solutions in low-rise housing operate as a
direct interface between planning parameters and environmental performance. Variations in building
form, degree of enclosure, and articulation of volumes influence airflow patterns, solar exposure, and
the formation of microclimatic conditions within residential spaces. As a result, architectural form
should be understood not only as a compositional element but also as a functional component of
environmental regulation. In particular, the configuration of built volumes determines the distribution
of shaded and ventilated zones, directly affecting thermal comfort and air movement at the courtyard
and street levels.

In this context, the effectiveness of design solutions depends on the coordinated interaction
between building configuration, open space structure, and transitional elements. The integration of
shading devices, semi-open spaces, and articulated facades contributes to the moderation of climatic
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impacts and enhances adaptability to local environmental conditions. This relationship between spa-
tial structure and climatic response forms the basis for the interpretation of spatial-volumetric char-
acteristics presented in Figure 2. Thus, the identified design principles can be interpreted as opera-
tional strategies linking spatial organization with microclimatic performance in low-rise residential
environments.

-
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e orientation of facades
¢ daylighting of courtyards
e use of solar energy

e formation of courtyard gardens
¢ wind protection
e improvement of the microclimate

( 4 Ju
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e
/\/‘3
. =
O8] oo
00 no
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BIM-BASED DESIGN

e site planning
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o energy-efficient solutions

Figure 2 - Spatial-volumetric configurations of low-rise housing and their architectural characteristics
[Authors’ material]

The analysis shows that spatial-volumetric configurations act as a key mechanism through
which architectural form translates planning parameters into environmental performance. Variations
in building arrangement, enclosure, and facade articulation influence the distribution of solar expo-
sure, the formation of shaded areas, and the continuity of airflow within residential spaces. As a result,
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the same planning parameters may lead to different microclimatic outcomes depending on their spa-
tial implementation.

At the same time, the effectiveness of these configurations depends on the integration of archi-
tectural elements that regulate environmental interaction at the building scale. The presence of tran-
sitional spaces, shading devices, and articulated volumes enhances the adaptability of housing to local
climatic conditions by moderating thermal loads and supporting natural ventilation. These
relationships between spatial form and environmental response are illustrated in Figure 3, where
spatial-volumetric solutions are associated with climatic effects such as solar control, thermal
moderation, and protection from wind exposure.

ARCHITECTURAL STRATEGIES CLIMATIC EFFECT
Orientation of buildings to cardinal directions ~———p -------- Optimal insolation, reduction of heat losses in winter
Co;r1pact development conﬂgu;ation 7———>7 ------- 7VVind protection, fa;o;)I; courtyard mic;oclimate
Buffer spaces (loggias, galleries, vestibules) —P e Reduction of heat losses, protection from cold winds
Atriums and light-filled spaces — Natural lighting and ventilation
Semi-open spaces (galleries, canopies) —P e Protection from overheating in summer
Terraces and internal courtyards —P e Improved microclimate and natural cooling
7 7Panoramic gI;z;ng and staine;glass 7 ; 7 - Increase in natural Iightin; o
Greening and water elements —P Temperature reduction and humidity regulation

Figure 3 - Climatic effects of spatial-volumetric solutions in low-rise housing (solar control, ventilation, and thermal
response) [Authors’ material]

The comparative analysis allows identifying several key directions of climate-sensitive low-
rise housing formation in the region: adaptation to sharply continental climatic conditions, integration
of natural elements into the residential environment, application of passive design strategies, and the
use of adaptive architectural elements. Together, these directions define the spatial logic of
environmentally responsive low-rise housing in South-Eastern Kazakhstan.

The placement of low-rise housing within the urban system varies significantly among the three
cities and reflects differences in relief, morphology, and environmental conditions. In Almaty, low-
rise housing is strongly influenced by foothill terrain, vegetation, and variations in air circulation. In
Konaev, development is often more exposed to wind due to open spatial conditions, while in
Taldykorgan the effectiveness of similar housing forms varies depending on construction quality and
local environmental context.

The analysis confirms that urban territory is not environmentally homogeneous. Instead, it
consists of areas with different combinations of climatic and morphological characteristics, which
directly affect residential comfort and environmental performance. This heterogeneity is illustrated
in Figure 4, which presents the microclimatic zoning of the study area. the spatial distribution of
environmentally different site conditions and Figure 4 highlights supports the subsequent
classification of five site types used for design differentiation.
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MICROCLIMATIC ZONING OF CITIES IN SOUTH-EASTERN KAZAKHSTAN

ALMATY

KONAEV

TALDYKORGAN

[] Open Wind-Exposed Zones
[7] Moderately Protected Zones

[] Moderately Protected Zones
B Zones with Stagnant Air

B Zones with Stagnant Air

/) Green and Recreational
Zones

Coastal and Terrain-

Influenced Zones

Figure 4 - Microclimatic zoning of the study area [Authors’ material]

Based on the comparative analysis, five site types were identified (Table 2). Open wind-
exposed zones are characterized by strong wind activity and increased environmental exposure,
requiring compact layouts and protective planning solutions. Moderately protected zones provide
more balanced conditions and allow greater flexibility in design decisions. Stagnant-air zones are
associated with weak ventilation and less favorable summer microclimatic conditions, which
necessitate the introduction of aeration corridors and reduced development density. Green and
recreational zones provide more favorable environmental conditions and emphasize the importance
of preserving vegetation and integrating landscape elements. Coastal and terrain-influenced zones
require careful adaptation to relief, local air flows, and specific microclimatic conditions.

Table 2 - Classification of low-rise housing by site type, bioclimatic characteristics, and architectural responses
[Authors’ material]

Architectural solutions
Wind-protective screens; compact

Zone type Bioclimatic characteristics

Open, wind-exposed High wind activity; intensive cooling;

development; orientation considering

zones increased environmental exposure - . L
prevailing wind directions
Balanced microclimate; moderate Optimal orientation; use of buffer spaces
Moderately protected o : S . ) .
0nes ventilation; relatively comfortable living (loggias, terraces); regulation of

conditions

development density

Zones with stagnant air

Low aeration; less favorable summer
microclimatic conditions; reduced
ventilation potential

Aeration corridors; breaks in development;
reduced density; improved ventilation

Green and recreational
zones

More favorable microclimatic conditions;
moderated temperature regime; greater
landscape potential

Preservation of greenery; integration of
green spaces into development; biophilic
design solutions

Water-influenced and
terrain-influenced
zones

Local wind flows, the influence of water
bodies and terrain, and temperature
fluctuations

Consideration of terrain; terracing;
orientation toward water and airflow;
protection from erosion and wind
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Table 2 systematizes these site types, their environmental characteristics, and the corresponding
architectural responses. The results demonstrate that the same housing typology requires different
spatial and planning solutions depending on microclimatic context. Therefore, the study translates
environmental differentiation into a practical design tool and extends existing approaches to urban
morphology and residential environmental quality by emphasizing the role of ventilation, landscape
integration, and spatial configuration.

The final stage of the study synthesizes the obtained results into an integrated model of
bioclimatic low-rise housing formation in South-Eastern Kazakhstan. As shown in Figure 5, the
proposed model combines three interrelated components: natural-climatic factors, urban-planning
conditions, and architectural-planning solutions, into a coherent analytical sequence. The Figure 5
visualizes how climatic analysis, site classification, and design response are integrated into a single
decision-making framework applicable to low-rise housing design.

Flexible Design Solutions - Greenery and Water Elements

Climate-adaptive Facades -~ Formation of Wind Corridors

Use of Transformable Elements
Transformable Elements /

and Flexibility

———= Protection from Cold Wiinds

Wind Corridors & Protection
from Cold Winds

Mitigating the Urban Heat

Island Effect II

Implementation of Water
Elements \
Landscaping (Trees, =
Courtyards, Green Roofs)\

Greenery and Water Elements »

= Natural Ventlation
Organization

CLIMATE-ADAPTIVE \ 1\,
LOW-RISE ‘
HOUSING

Energy-efficient Principles

- Atrium Spaces

Energy-Efficiency and
Natural Ventilation

— - Climate-adaptive Facades

Figure 5 - Author’s model for the formation of bioclimatic low-rise housing in South-Eastern Kazakhstan
[Authors’ material]

The model is based on a step-by-step process that includes climatic analysis, identification of
local microclimatic conditions, classification of site types, and selection of differentiated design
strategies. This sequence reflects the analytical framework presented in Figure 1 and provides a
systematic link between environmental assessment and architectural decision-making.

In contrast to conventional bioclimatic approaches, which are often focused on building scale
performance or generalized climatic zoning, the proposed model introduces a microclimate oriented
design logic at the level of urban residential structure. The key distinction of the model lies in its
ability to translate spatial and environmental heterogeneity into specific architectural-planning
responses.

Unlike standard climate-responsive design frameworks, the model does not rely on averaged
climatic parameters but operates through the classification of site-specific conditions, including
aeration patterns, insolation variability, development density, and terrain influence. This allows the
model to function not only as an analytical tool but also as a decision-making instrument for context
sensitive design.

Overall, the results confirm that the transition from generalized climatic assumptions to
differentiated microclimatic analysis allows for more precise and effective design solutions and

20
https://doi.org/10.51488/1680-080X/2026.2-01


https://doi.org/10.51488/1680-080X/2026.2-01

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

contributes to improving the environmental performance and sustainability of low-rise housing in
South-Eastern Kazakhstan.

4 CONCLUSIONS

The results of the study confirm that low-rise housing in South-Eastern Kazakhstan should be
understood as a microclimatically differentiated system rather than a uniform architectural category.
Based on the conducted analysis, the following conclusions can be drawn.

1. Urban residential territories in South-Eastern Kazakhstan are characterized by pronounced
microclimatic heterogeneity, where variations in wind conditions, insolation, terrain, and urban
morphology significantly influence environmental performance and residential comfort.

2. The environmental effectiveness of low-rise housing is determined not by typology alone,
but by the interaction between spatial configuration, building orientation, development density, and
exposure to local climatic factors.

3. A classification of five microclimatic site types - wind-exposed, moderately protected,
stagnant-air, green/recreational, and terrain-influenced zones - has been developed and systematized,
providing a structured basis for interpreting environmental conditions at the urban scale.

4. The identified site types were translated into a set of differentiated architectural and planning
strategies, enabling the adaptation of low-rise housing to specific microclimatic conditions and
improving environmental performance.

5. The proposed analytical framework and design model establish a direct link between
microclimatic analysis, site classification, and architectural decision-making, offering an operational
approach to context-sensitive design.

The practical application of the results includes architectural design of low-rise housing adapted
to local environmental conditions, urban planning and zoning based on microclimatic performance,
and the development of methodological recommendations for climate-responsive residential design.
The proposed approach can also be applied in architectural education as a tool for teaching bioclimatic
and context-sensitive design principles.

The study is limited by the use of comparative and analytical methods without detailed
instrumental measurements or numerical simulation. Further research may involve the application of
BIM- and CFD-based modeling for quantitative validation of the identified design strategies and
refinement of the proposed model.
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