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Abstract: Economies of scale are often expected in large housing programmes because standardisation,
repetition, learning effects and bulk procurement may lower unit costs as output expands. In metropolitan urban
renewal, however, demolition sequencing, resettlement requirements, fragmented property relations,
administrative delays, coordination difficulties and constrained logistics may offset these efficiencies. The
project is the unit of analysis, and the dataset comprises all 39 eligible Istanbul records available in TOKI’s
national list of 280 urban transformation and development projects in January 2026. These observations
constitute a full enumeration rather than a random sample and represent 17,231 housing units and
9,956,951,349 TL in recorded nominal total value. Unit cost is defined as the recorded nominal total value per
housing unit. Because verified tender or contract dates were unavailable for all projects, costs were not deflated
and are interpreted as nominal rather than inflation-adjusted values. Physical realisation rates describe
implementation status but are not treated as direct evidence of cost escalation. Economies of scale are tested
through a log-log OLS model in which In(unit cost) is regressed on In(units) and a source-order index derived
from TOKI’s project-record sequence. As this index is not a tender date, contract date, calendar-year measure
or official project identifier, it is used only as a limited ordering variable. Project scale has a negative but
statistically insignificant coefficient (B=—0.119; p=0.463), whereas the source-order index is positively
associated with nominal unit cost (B=0.111; p<0.001; R?=0.796). Influential-observation and nonlinear-scale
checks do not materially alter this inference. The findings provide no statistically significant evidence that
larger projects systematically reduce nominal unit costs in the observed Istanbul portfolio. Instead, cost
variation appears more closely associated with source-record sequencing, scope heterogeneity and
metropolitan implementation complexity, suggesting that procurement and budgeting should account for
delivery-time exposure, scope composition and implementation constraints.
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Oz: Biiyiik 6lgekli konut programlarinda standartlagma, tekrarli iiretim, 6grenme etkileri ve toplu tedarikin
c¢ikt1 arttikca birim maliyetleri diigiirebilecegi varsayilmaktadir. Bununla birlikte, metropol dl¢egindeki kentsel
doniisim uygulamalarinda yikimin etaplandirilmasi, yeniden yerlestirme gereksinimleri, pargali miilkiyet
yapisi, idari siireclerdeki gecikmeler, kurumsal koordinasyon giigliikleri ve kisitli lojistik olanaklar dlgcekten
beklenen bu verimlilikleri zayiflatabilmektedir. Analiz birimi proje olup veri seti, Ocak 2026 itibariyla
TOKI'nin 280 kentsel doniisiim ve gelisim projesinden olusan ulusal kaynak listesinde yer alan ve dahil edilme
dlgiitlerini saglayan Istanbul'daki 39 projenin tamamini kapsamaktadir. Dolayisiyla ¢alisma rastlantisal bir
ornekleme degil, tam sayim niteligi tagiyan proje diizeyindeki gdzlemlere dayanmaktadir. Bu gézlemler toplam
17.231 konutu ve 9.956.951.349 TL kayith nominal toplam bedeli temsil etmektedir. Birim maliyet, kayitl
nominal toplam bedelin konut sayisina bolinmesiyle hesaplanmistir. Tiim projeler i¢in dogrulanmis ihale veya
sozlesme tarihleri bulunmadigindan maliyetler reel héle getirilmemis, bulgular nominal bedeller {izerinden
yorumlanmustir. Fiziki ger¢eklesme oranlari uygulama durumunu betimlemek amaciyla kullanilmis; ancak
dogrudan maliyet eskalasyonunun kanit: olarak degerlendirilmemistir. Olgek ekonomileri, In(Birim Maliyet)
degiskeninin In(Konut Sayisi) ve TOKI proje kayitlarinin diziliminden tiiretilen Sira degiskeniyle agiklandig
log-log OLS modeliyle sinanmistir. Thale tarihi, sozlesme tarihi, takvim y1li veya resmi proje numarasi niteligi
tagimayan Sira degiskeni yalnizca sinirli bir siralama gostergesi olarak kullanilmistir. Proje dlgegi katsayisi
negatif; ancak istatistiksel olarak anlamsizdir (B = —0,119; p = 0,463). Buna karsilik, Sira degiskeni nominal
birim maliyetle pozitif iligkilidir (B =0,111; p <0,001; R? = 0,796). Etkili gézlem ve dogrusal olmayan 6l¢ek
kontrolleri bu sonucu degistirmemektedir. Bulgular, daha biiyilk projelerin nominal birim maliyetleri
sistematik olarak diisiirdiigiinii gdosteren istatistiksel bir kanit ortaya koymamaktadir. Maliyet farkliliklarinin
proje dlgeginden ¢ok kaynak kayit siralamasi, kapsam heterojenligi ve metropol i¢i uygulama karmasikligiyla
iligkili oldugu goriilmektedir. Bu nedenle ihale ve biitgeleme siireclerinde teslim siiresi riski, kapsam bilesimi
ve uygulama kisitlariin birlikte dikkate alinmasi 6nem tagimaktadir.

Anahtar Kelimeler: Kentsel Doniisiim, Olgek Ekonomisi, Kamu Alimlari, Nominal Birim Maliyet, Insaat
Maliyet Analizi.
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Structured Abstract

Economies of scale are generally expected in large housing programmes because standardisation,
repetitive production, bulk purchasing, and the distribution of fixed site costs across a larger output may reduce
average unit cost. Metropolitan urban transformation, however, is carried out under more complex conditions
than greenfield mass housing. Demolition, relocation, fragmented ownership, negotiations with rights holders,
infrastructure works, restricted access, and multi-agency coordination may offset the efficiencies associated
with larger project packages. Istanbul therefore offers a relevant setting in which to test whether project size is
actually accompanied by lower unit cost.

This study examines whether project scale, measured by the number of housing units, is associated
with a statistically significant decline in recorded nominal unit cost in publicly funded urban transformation
and housing projects in Istanbul. It also considers nominal cost variation along the ordering of projects in
TOKI’s public source records. This ordering is treated only as a source-record indicator; it does not represent
tender date, contract date, calendar year, project duration, or inflation. The central question is whether larger
projects display the unit-cost reduction expected under economies of scale within the observed Istanbul
portfolio.

The research uses a quantitative, cross-sectional, observational, and correlational design based on
secondary project-level data. The unit of analysis is the project. The dataset comprises all 39 Istanbul records
that met the inclusion criteria in January 2026 within TOKI’s publicly accessible national list of 280 urban
transformation and development projects. It is therefore a full enumeration of the eligible Istanbul records
available at the time of data collection rather than a randomly selected sample. The projects account for 17,231
housing units and 9,956,951,349 TL in recorded nominal total value.

Recorded nominal unit cost was calculated by dividing each project’s recorded nominal total value by
its number of housing units. The resulting TL-per-housing-unit figure was used as a comparative project-level
indicator. Since project packages may also include commercial units, social facilities, infrastructure,
landscaping, demolition, and other components, it was not treated as a measure of housing construction cost
alone. Verified tender or contract dates were not consistently available for all projects; monetary values were
therefore analysed in nominal terms, without estimating a calendar-time or inflation effect.

Projects were grouped by physical realisation rate as 100%, 75%-99%, and below 75%, and their
unit-cost distributions were compared with the Kruskal-Wallis test. Natural logarithms of unit cost and
housing-unit count were used in the regression analysis. Two log-log OLS models were estimated in IBM
SPSS Statistics. Model 1 included In(Housing Units), while Model 2 added Rank, an index preserving the
relative ordering of the Istanbul projects in the source list and re-indexing them from 1 to 39.

The regression diagnostics covered multicollinearity, constant variance, residual normality, and
potentially influential observations. Variance inflation factors were used to assess multicollinearity; the
Breusch—Pagan and White tests were used to examine the constant-variance assumption; the Shapiro—Wilk and
Jarque—Bera tests were used to evaluate residual normality; and Cook’s distance and standardised residuals
were used to screen potentially influential observations. Sensitivity analyses examined squared terms for scale
and Rank, excluded projects with physical realisation below 10%, and re-estimated Model 2 after removing
the two observations above the 4/n Cook’s-distance screening threshold.

The Istanbul project portfolio shows substantial variation in recorded nominal unit cost. The
arithmetic mean was 598,054.31 TL per housing unit, while the median was 233,778 TL. Values ranged from
23,384 TL to 2,868,182 TL per housing unit, and the interquartile range was 83,454—588,771.5 TL. The
pronounced difference between the mean and median is consistent with a right-skewed distribution in which
several high-unit-cost projects raise the portfolio average.

Median unit cost was 107,713.5 TL for projects with 100% physical realisation, 351,631 TL for
projects in the 75%—-99% group, and 274,824.5 TL for projects below 75%. The Kruskal-Wallis test indicated
a statistically significant overall difference among the three unit-cost distributions, H(2) = 10.703, p = 0.0047.
As no pairwise post hoc comparison was conducted, this result identifies an overall distributional difference
but does not determine which specific pairs of groups differ. The finding was not interpreted as evidence that
physical realisation has a causal effect on unit cost.
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In Model 1, In(Housing Units) had a negative but statistically insignificant coefficient, B =—0.193, t
=—-0.553, p = 0.583. The model had negligible explanatory power, R? = 0.008, adjusted R* =—0.019, and was
not statistically significant as a whole, F(1, 37) =0.306, p = 0.583. Project scale alone therefore did not explain
recorded nominal unit-cost variation at a statistically significant level.

Adding Rank in Model 2 increased the explanatory power substantially, R? = 0.796, adjusted R? =
0.784, F(2,36) =70.160, p < 0.001. Nevertheless, the coefficient on In(Housing Units) remained negative and
statistically insignificant, B=—-0.119, t =—0.741, p = 0.463. Its 95% confidence interval, ranging from —0.444
to 0.206, included zero. Rank was positive and statistically significant, B=0.111, t=11.784, p < 0.001, with
a 95% confidence interval of 0.092—0.130. This coefficient indicates systematic nominal unit-cost variation
along the source-record ordering; it does not represent annual cost escalation, an inflation effect, or a causal
period effect.

The Variance Inflation Factor (VIF) values were 1.002, indicating no material multicollinearity. The
Breusch—Pagan and White tests did not reject the constant-variance assumption. The tests of residual normality
produced mixed results: the Shapiro—Wilk test was statistically significant, W = 0.930, p = 0.017, whereas the
Jarque—Bera test did not reject normality at the 5% significance level, JB = 4.862, p = 0.088. Two observations
exceeded the Cook’s-distance screening threshold of 4/39 = 0.103, but no standardised residual reached an
absolute value of 3.

The squared In(Housing Units) term was statistically insignificant, p = 0.522, and therefore provided
no evidence of a nonlinear scale effect. The squared Rank term was statistically significant, p = 0.011,
suggesting that the association between source-record ordering and nominal unit cost may not be represented
adequately by a strictly linear function. Accordingly, the linear Rank coefficient should not be read as a
constant rate of change applying to every point in the source-record sequence.

The sensitivity checks preserved the main inference. After projects with physical realisation below
10% were excluded, the scale coefficient remained statistically insignificant, B = —0.194, p = 0.222, while
Rank remained positive and significant, B=0.111, p <0.001, R*=0.816. After the two observations exceeding
the Cook’s-distance threshold were excluded, the scale coefficient again remained insignificant, B = 0.045, p
= (0.774, and Rank remained positive and significant, B =0.113, p <0.001, R? = 0.835. Although the sign of
the scale coefficient changed in the latter model, the central statistical conclusion remained unchanged.

The findings do not provide statistically significant support for the proposition that larger publicly
funded urban transformation and housing projects systematically produce lower recorded nominal unit costs in
the observed Istanbul portfolio. This conclusion remains unchanged across the alternative specifications and
sensitivity checks. Housing-unit count, when considered on its own, is therefore not a sufficient indicator of
cost efficiency in this project setting.

The association between Rank and nominal unit cost must be interpreted within the limits of the
variable. It shows that recorded costs vary systematically across the source-record sequence, but it does not
establish a calendar-time trend, an inflation rate, or a causal period effect. The observed cost heterogeneity
should instead be assessed together with differences in project scope and the implementation demands of dense
metropolitan areas.

For procurement packaging and budgeting, the findings support evaluating housing-unit count
together with demolition and infrastructure obligations, logistical manageability, access conditions,
stakeholder coordination, and the composition of project packages. Rather than assuming that the largest
possible package is inherently the most efficient, public authorities may favour project scopes that preserve
potential scale advantages while remaining administratively and logistically manageable. By examining all
eligible Istanbul records at project level, the study provides an empirical basis for assessing scale and recorded
cost behaviour in publicly funded metropolitan urban transformation.

Keywords: Urban Transformation, Economies of Scale, Public Procurement, Nominal Unit Cost,
Construction Cost Analysis.
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Résumé Structuré

On s'attend généralement a réaliser des économies d'échelle dans le cadre de grands programmes de
logement, car la standardisation, la production répétitive, les achats en gros et la répartition des cotts fixes de
chantier sur un volume de production plus important peuvent réduire le cofit unitaire moyen. La transformation
urbaine métropolitaine s'effectue toutefois dans des conditions plus complexes que la construction de
logements en masse sur des terrains vierges. La démolition, la relogement, la fragmentation de la propriété, les
négociations avec les titulaires de droits, les travaux d’infrastructure, les accés restreints et la coordination
entre plusieurs organismes peuvent contrebalancer les gains d’efficacité associés aux projets de grande
envergure. Istanbul offre donc un cadre pertinent pour vérifier si la taille d’un projet s’accompagne
effectivement d’un coit unitaire plus faible.

Cette ¢tude examine si I’échelle des projets, mesurée par le nombre de logements, est associée a une
baisse statistiquement significative du colit unitaire nominal enregistré dans les projets de transformation
urbaine et de logement financés par des fonds publics a Istanbul. Elle examine également la variation des cofits
nominaux en fonction de ’ordre d’apparition des projets dans les registres publics de la TOKI. Cet ordre est
considéré uniquement comme un indicateur issu des registres ; il ne correspond ni a la date d’appel d’offtres,
ni a la date de signature du contrat, ni a ’année civile, ni a la durée du projet, ni a ’inflation. La question
centrale est de savoir si les projets de plus grande envergure présentent la réduction des cofits unitaires attendue
en vertu des économies d’échelle au sein du portefeuille observé a Istanbul.

La recherche utilise une méthodologie quantitative, transversale, observationnelle et corrélationnelle,
fondée sur des données secondaires au niveau des projets. L’unité d’analyse est le projet. L’ensemble de
données comprend les 39 dossiers d’Istanbul qui répondaient aux critéres d’inclusion en janvier 2026, issus de
la liste nationale accessible au public de la TOKI comprenant 280 projets de transformation et de
développement urbains. I1 s’agit donc d’un recensement exhaustif des dossiers ¢éligibles d’Istanbul disponibles
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au moment de la collecte des données, et non d’un échantillon sélectionné de maniére aléatoire. Les projets
représentent 17 231 logements et une valeur nominale totale enregistrée de 9 956 951 349 TL.

Le coft unitaire nominal enregistré a été calculé en divisant la valeur nominale totale enregistrée de
chaque projet par son nombre de logements. Le chiffre obtenu en TL par logement a été utilis¢ comme
indicateur comparatif au niveau des projets. Etant donné que les lots de projets peuvent également inclure des
locaux commerciaux, des équipements sociaux, des infrastructures, des aménagements paysagers, des travaux
de démolition et d’autres éléments, ce chiffre n’a pas été considéré comme une mesure du seul coit de
construction des logements. Les dates vérifiées d’appel d’offres ou de signature des contrats n’étaient pas
systématiquement disponibles pour tous les projets ; les valeurs monétaires ont donc été analysées en termes
nominaux, sans estimation de 1’effet du temps civil ni de I’inflation.

Les projets ont été regroupés en fonction de leur taux de réalisation physique : 100 %, 75 %—-99 % et
moins de 75 %, et la répartition de leurs cofits unitaires a été¢ comparée a I’aide du test de Kruskal-Wallis. Les
logarithmes naturels du cofit unitaire et du nombre de logements ont été utilisés dans 1’analyse de régression.
Deux modeles OLS log-log ont été estimés dans IBM SPSS Statistics. Le modéle 1 incluait In(logements),
tandis que le modéle 2 ajoutait le « rang », un indice préservant 1’ordre relatif des projets d’Istanbul dans la
liste source et les réindexant de 1 a 39.

Les diagnostics de régression ont porté sur la multicolinéarité, la variance constante, la normalité des
résidus et les observations potentiellement influentes. Les facteurs d’inflation de la variance ont été utilisés
pour évaluer la multicolinéarité ; les tests de Breusch-Pagan et de White ont servi a vérifier I’hypothése de
variance constante ; les tests de Shapiro-Wilk et de Jarque-Bera ont permis d’évaluer la normalité des résidus
; enfin, la distance de Cook et les résidus standardisés ont été utilisés pour détecter les observations
potentiellement influentes. Des analyses de sensibilité ont examiné les termes au carré pour I’échelle et le rang,
ont exclu les projets dont la réalisation physique était inférieure a 10 %, et ont réestimé le modéele 2 aprés avoir
supprimé les deux observations dépassant le seuil de sélection de 4/n de la distance de Cook.

Le portefeuille de projets d’Istanbul présente une variation substantielle du cotit unitaire nominal
enregistré. La moyenne arithmétique s’¢levait a 598 054,31 TL par logement, tandis que la médiane était de
233 778 TL. Les valeurs variaient de 23 384 TL a 2 868 182 TL par logement, et 1’écart interquartile était
compris entre 83 454 et 588 771,5 TL. La différence marquée entre la moyenne et la médiane correspond a une
distribution asymétrique vers la droite, dans laquelle plusieurs projets a colt unitaire élevé font grimper la
moyenne du portefeuille.

Le coft unitaire médian s’élevait a 107 713,5 TL pour les projets ayant atteint 100 % de réalisation
physique, a 351 631 TL pour ceux se situant dans la fourchette de 75 % a 99 %, et a 274 824,5 TL pour les
projets en dessous de 75 %. Le test de Kruskal-Wallis a mis en évidence une différence globale statistiquement
significative entre les trois distributions des cotts unitaires, H(2) = 10,703, p = 0,0047. Aucune comparaison
post hoc par paires n’ayant été effectuée, ce résultat met en évidence une différence globale de distribution
mais ne permet pas de déterminer quelles paires spécifiques de groupes different. Ce résultat n’a pas été
interprété comme une preuve que le taux de réalisation physique a un effet causal sur le cofit unitaire.

Dans le modéle 1, In(logements) présentait un coefficient négatif mais statistiquement non significatif,
B=-0,193, t=-0,553, p=0,583. Le mode¢le présentait un pouvoir explicatif négligeable, R? = 0,008, R? ajusté
=-0,019, et n’était pas statistiquement significatif dans son ensemble, F(1, 37) = 0,306, p = 0,583. L’échelle
du projet a elle seule n’expliquait donc pas la variation nominale du colit unitaire observée a un niveau
statistiquement significatif.

L’ajout du rang dans le modéle 2 a considérablement accru le pouvoir explicatif, R> = 0,796, R? ajusté
=0,784, F(2, 36) = 70,160, p < 0,001. Néanmoins, le coefficient de In(unités de logement) est resté négatif et
statistiquement non significatif, B=-0,119, t=-0,741, p = 0,463. Son intervalle de confiance a 95 %, compris
entre —0,444 et 0,206, incluait zéro. Le rang était positif et statistiquement significatif, B= 0,111, t= 11,784,
p < 0,001, avec un intervalle de confiance a 95 % compris entre 0,092 et 0,130. Ce coefficient indique une
variation systématique du cott unitaire nominal en fonction de 1’ordre chronologique des enregistrements ; il
ne représente pas une hausse annuelle des cofits, un effet d’inflation ou un effet de période causal.

Les valeurs du facteur d’inflation de la variance (VIF) s’¢levaient a 1,002, ce qui indique 1’absence
de multicolinéarité significative. Les tests de Breusch-Pagan et de White n’ont pas rejeté I’hypothese de
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variance constante. Les tests de normalité des résidus ont donné des résultats mitigés : le test de Shapiro-Wilk
était statistiquement significatif, W = 0,930, p = 0,017, tandis que le test de Jarque-Bera n’a pas rejeté la
normalité au niveau de signification de 5 %, JB = 4,862, p = 0,088. Deux observations ont dépassé le seuil de
dépistage de la distance de Cook, fixé a 4/39 = 0,103, mais aucun résidu standardisé n’a atteint une valeur
absolue de 3.

Le terme « In(unités de logement) au carré » n’était pas statistiquement significatif, p = 0,522, et
n’apportait donc aucune preuve d’un effet d’échelle non linéaire. Le terme « rang » au carré était
statistiquement significatif, p = 0,011, ce qui suggére que 1’association entre 1’ordre des enregistrements
sources et le colt unitaire nominal pourrait ne pas étre représentée de maniére adéquate par une fonction
strictement linéaire. Par conséquent, le coefficient lin¢aire du rang ne doit pas étre interprété comme un taux
de variation constant s’appliquant a chaque point de la séquence des enregistrements sources.

Les tests de sensibilité ont confirmé la conclusion principale. Apres exclusion des projets dont le taux
de réalisation physique était inférieur a 10 %, le coefficient d’échelle est resté statistiquement non significatif,
B =-0,194, p = 0,222, tandis que le terme de rang est resté positif et significatif, B = 0,111, p < 0,001, R* =
0,816. Apres exclusion des deux observations dépassant le seuil de distance de Cook, le coefficient d’échelle
est resté a nouveau non significatif, B = 0,045, p = 0,774, et le coefficient de rang est resté positif et significatif,
B=0,113,p <0,001, R*=0,835. Bien que le signe du coefficient d’échelle ait changé dans ce dernier mod¢le,
la conclusion statistique principale est restée inchangée.

Ces résultats n’apportent pas de soutien statistiquement significatif a I’hypothése selon laquelle les
projets de transformation urbaine et de logement de plus grande envergure, financés par des fonds publics,
produisent systématiquement des colts unitaires nominaux enregistrés plus faibles dans le portefeuille
d’Istanbul observé. Cette conclusion reste inchangée quelle que soit la spécification alternative ou les tests de
sensibilité. Le nombre de logements, lorsqu’il est considéré isolément, ne constitue donc pas un indicateur
suffisant de la rentabilité dans le contexte de ces projets.

La relation entre le rang et le colit unitaire nominal doit étre interprétée dans les limites de la variable.
Elle montre que les cofits enregistrés varient systématiquement tout au long de la séquence des enregistrements
sources, mais elle n’établit pas de tendance temporelle, de taux d’inflation ni d’effet causal li¢ a la période.
L’hétérogénéité des cotits observée devrait plutdt étre évaluée conjointement avec les différences de portée des
projets et les exigences de mise en ceuvre propres aux zones métropolitaines denses.

En matiére de regroupement des marchés et de budgétisation, les résultats plaident en faveur d’une
évaluation du nombre de logements en tenant compte des obligations de démolition et d’infrastructures, de la
faisabilité logistique, des conditions d’acces, de la coordination des parties prenantes et de la composition des
lots de projet. Plutét que de partir du principe que le lot le plus vaste possible est intrinséquement le plus
efficace, les pouvoirs publics pourraient privilégier des portées de projet qui préservent les avantages d’échelle
potentiels tout en restant gérables sur le plan administratif et logistique. En examinant I’ensemble des dossiers
¢ligibles d’Istanbul au niveau des projets, 1’étude fournit une base empirique pour évaluer I’échelle et le
comportement des cofits enregistrés dans le cadre de la transformation urbaine métropolitaine financée par des
fonds publics.

Mots-clés: Transformation urbaine, Economies d’échelle, Marchés publics, Cotit unitaire nominal,
Analyse des cotits de construction.

Resumen Estructurado

Por lo general, se espera que los grandes programas de vivienda generen economias de escala, ya que
la estandarizacion, la produccion repetitiva, la compra al por mayor y el reparto de los costes fijos de obra entre
un mayor volumen de produccion pueden reducir el coste unitario medio. Sin embargo, la transformacion
urbana metropolitana se lleva a cabo en condiciones mas complejas que la construccion de viviendas en masa
en terrenos virgenes. La demolicion, el realojamiento, la fragmentacion de la propiedad, las negociaciones con
los titulares de derechos, las obras de infraestructura, el acceso restringido y la coordinacion entre multiples
organismos pueden contrarrestar las eficiencias asociadas a los paquetes de proyectos de mayor envergadura.
Estambul ofrece, por lo tanto, un contexto relevante en el que comprobar si el tamaio del proyecto va realmente
acompafiado de un menor coste unitario.
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Este estudio examina si la escala del proyecto, medida por el numero de viviendas, estd asociada a
una disminucion estadisticamente significativa del coste unitario nominal registrado en los proyectos de
transformacion urbana y de vivienda financiados con fondos publicos en Estambul. También analiza la
variacion del coste nominal segtin el orden de los proyectos en los registros de fuentes ptiblicas de TOKI. Este
orden se considera Uinicamente como un indicador de los registros de origen; no representa la fecha de
licitacion, la fecha del contrato, el afio natural, la duracién del proyecto ni la inflaciéon. La cuestion central es
si los proyectos de mayor envergadura muestran la reduccion del coste unitario esperada en virtud de las
economias de escala dentro de la cartera observada en Estambul.

La investigacion utiliza un disefio cuantitativo, transversal, observacional y correlacional basado en
datos secundarios a nivel de proyecto. La unidad de analisis es el proyecto. El conjunto de datos comprende
los 39 registros de Estambul que cumplian los criterios de inclusion en enero de 2026 dentro de la lista nacional
de acceso publico de TOKI, que incluye 280 proyectos de transformacién y desarrollo urbano. Se trata, por
tanto, de un recuento exhaustivo de los registros de Estambul elegibles disponibles en el momento de la
recopilacion de datos, y no de una muestra seleccionada aleatoriamente. Los proyectos suman 17 231 viviendas
y un valor total nominal registrado de 9 956 951 349 TL.

El coste unitario nominal registrado se calculd dividiendo el valor total nominal registrado de cada
proyecto entre su numero de viviendas. La cifra resultante en TL por unidad de vivienda se utiliz6 como
indicador comparativo a nivel de proyecto. Dado que los paquetes de proyectos también pueden incluir locales
comerciales, equipamientos sociales, infraestructuras, paisajismo, demoliciones y otros componentes, no se
consider6 unicamente como una medida del coste de construccion de viviendas. No se disponia de forma
sistematica de fechas verificadas de licitacion o de contrato para todos los proyectos; por lo tanto, los valores
monetarios se analizaron en términos nominales, sin estimar el efecto del tiempo calendario ni de la inflacion.

Los proyectos se agruparon seglin su tasa de ejecucion fisica en 100 %, 75 %—99 % e inferior al 75
%, y se compararon las distribuciones de sus costes unitarios mediante la prueba de Kruskal-Wallis. En el
analisis de regresion se utilizaron los logaritmos naturales del coste unitario y del numero de viviendas. Se
estimaron dos modelos OLS log-log en IBM SPSS Statistics. El modelo 1 incluia In(unidades de vivienda),
mientras que el modelo 2 afadia «Rango», un indice que conservaba el orden relativo de los proyectos de
Estambul en la lista de origen y los reindexaba del 1 al 39.

Los diagnosticos de regresion abarcaron la multicolinealidad, la varianza constante, la normalidad de
los residuos y las observaciones potencialmente influyentes. Se utilizaron factores de inflacion de la varianza
para evaluar la multicolinealidad; las pruebas de Breusch-Pagan y de White para examinar la hipdtesis de
varianza constante; las pruebas de Shapiro-Wilk y de Jarque-Bera para evaluar la normalidad de los residuos;
y la distancia de Cook y los residuos estandarizados para detectar observaciones potencialmente influyentes.
Los analisis de sensibilidad examinaron los términos al cuadrado para la escala y el rango, excluyeron los
proyectos con una ejecucion fisica inferior al 10 % y reestimaron el Modelo 2 tras eliminar las dos
observaciones por encima del umbral de seleccion de la distancia de Cook de 4/n.

La cartera de proyectos de Estambul muestra una variacion sustancial en el coste unitario nominal
registrado. La media aritmética fue de 598 054,31 TL por unidad de vivienda, mientras que la mediana fue de
233 778 TL. Los valores oscilaron entre 23 384 TL y 2 868 182 TL por unidad de vivienda, y el rango
intercuartilico fue de 83 454 a 588 771,5 TL. La marcada diferencia entre la media y la mediana concuerda con
una distribucion asimétrica a la derecha, en la que varios proyectos con un coste unitario elevado elevan la
media de la cartera.

El coste unitario mediano fue de 107 713,5 TL para los proyectos con una ejecucion fisica del 100 %,
de 351 631 TL para los proyectos del grupo del 75 % al 99 %, y de 274 824,5 TL para los proyectos por debajo
del 75 %. La prueba de Kruskal-Wallis indic6 una diferencia global estadisticamente significativa entre las tres
distribuciones de costes unitarios, H(2) = 10,703, p = 0,0047. Dado que no se realiz6 ninguna comparacion
post hoc por pares, este resultado identifica una diferencia distributiva global, pero no determina qué pares
especificos de grupos difieren. Este hallazgo no se interpreté como una prueba de que la realizacion fisica tenga
un efecto causal sobre el coste unitario.

En el Modelo 1, In(Unidades de vivienda) presentd un coeficiente negativo, aunque estadisticamente
no significativo: B =—0,193, t =—0,553, p = 0,583. El modelo tenia un poder explicativo insignificante, R* =
0,008, R? ajustado =—0,019, y no era estadisticamente significativo en su conjunto, F(1,37) = 0,306, p =0,583.
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Por lo tanto, la escala del proyecto por si sola no explicaba la variaciéon nominal del coste unitario registrada a
un nivel estadisticamente significativo.

La inclusion de la clasificacion en el modelo 2 aumento6 sustancialmente el poder explicativo: R? =
0,796; R? ajustado = 0,784; F(2,36) =70,160; p <0,001. No obstante, el coeficiente de In(unidades de vivienda)
sigui6 siendo negativo y estadisticamente insignificante: B = —0,119, t = 0,741, p = 0,463. Su intervalo de
confianza del 95 %, que oscilaba entre —0,444 y 0,206, incluia el cero. El coeficiente de rango fue positivo y
estadisticamente significativo, B = 0,111, t = 11,784, p < 0,001, con un intervalo de confianza del 95 % de
0,092-0,130. Este coeficiente indica una variacion sistematica del coste unitario nominal a lo largo del orden
de los registros de origen; no representa un aumento anual de los costes, un efecto de inflacion ni un efecto
causal del periodo.

Los valores del factor de inflacion de la varianza (VIF) fueron de 1,002, lo que indica que no existe
multicolinealidad significativa. Las pruebas de Breusch-Pagan y White no rechazaron la hipétesis de varianza
constante. Las pruebas de normalidad de los residuos arrojaron resultados dispares: la prueba de Shapiro-Wilk
fue estadisticamente significativa, W = 0,930, p = 0,017, mientras que la prueba de Jarque-Bera no rechazé la
normalidad al nivel de significacion del 5 %, JB = 4,862, p = 0,088. Dos observaciones superaron el umbral de
seleccion de la distancia de Cook de 4/39 = 0,103, pero ningtn residuo estandarizado alcanz6 un valor absoluto
de 3,

El término In(unidades de vivienda) al cuadrado no fue estadisticamente significativo, p = 0,522, por
lo que no aporto pruebas de un efecto de escala no lineal. El término «Rango al cuadrado» fue estadisticamente
significativo, p = 0,011, lo que sugiere que la asociacion entre el orden de los registros de origen y el coste
unitario nominal podria no estar representada adecuadamente por una funcién estrictamente lineal. En
consecuencia, el coeficiente lineal de «Rango» no debe interpretarse como una tasa de variacion constante
aplicable a todos los puntos de la secuencia de registros de origen.

Las pruebas de sensibilidad confirmaron la inferencia principal. Tras excluir los proyectos con una
realizacion fisica inferior al 10 %, el coeficiente de escala siguio siendo estadisticamente insignificante, B =
—0,194, p = 0,222, mientras que el coeficiente de rango se mantuvo positivo y significativo, B = 0,111, p <
0,001, R? = 0,816. Tras excluir las dos observaciones que superaban el umbral de la distancia de Cook, el
coeficiente de escala volvio a ser insignificante, B = 0,045, p = 0,774, y el coeficiente de rango se mantuvo
positivo y significativo, B=0,113, p < 0,001, R? = 0,835. Aunque el signo del coeficiente de escala cambid en
este ultimo modelo, la conclusion estadistica principal se mantuvo sin cambios.

Los resultados no aportan un respaldo estadisticamente significativo a la hipotesis de que los proyectos
de transformacion urbana y de vivienda de mayor envergadura, financiados con fondos publicos, generen
sistematicamente unos costes unitarios nominales registrados mas bajos en la cartera observada de Estambul.
Esta conclusion se mantiene inalterada en todas las especificaciones alternativas y pruebas de sensibilidad. Por
lo tanto, el nimero de viviendas, considerado por si solo, no es un indicador suficiente de la eficiencia en
términos de costes en el contexto de estos proyectos.

La asociacion entre el rango y el coste unitario nominal debe interpretarse dentro de los limites de la
variable. Muestra que los costes registrados varian sistematicamente a lo largo de la secuencia de registros de
origen, pero no establece una tendencia temporal, una tasa de inflacion ni un efecto causal del periodo. La
heterogeneidad de costes observada deberia evaluarse, en cambio, junto con las diferencias en el alcance de los
proyectos y las exigencias de ejecucion propias de las areas metropolitanas densamente pobladas.

En lo que respecta a la agrupacion de contratos y la elaboracion de presupuestos, los resultados
respaldan la evaluacion del nimero de viviendas junto con las obligaciones de demolicion e infraestructura, la
viabilidad logistica, las condiciones de acceso, la coordinacidon de las partes interesadas y la composicion de
los paquetes de proyectos. En lugar de dar por sentado que el paquete mas amplio posible es intrinsecamente
el mas eficiente, las autoridades publicas podrian dar preferencia a alcances de proyecto que preserven las
posibles ventajas de escala sin dejar de ser gestionables desde el punto de vista administrativo y logistico. Al
examinar todos los registros de Estambul que cumplen los requisitos a nivel de proyecto, el estudio proporciona
una base empirica para evaluar la escala y el comportamiento de los costes registrados en la transformacion
urbana metropolitana financiada con fondos publicos.
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nominal, analisis de costes de construccion.
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CtpykTypupoBanHoe Pe3ome

Kak mpaBmio, B KpyNHBIX KWIMIIHBIX NPOTpaMMax OXupaaercs mosrydeHue 3¢dexra macmrada,
MOCKOJIBbKY CTaHIapTH3AIMs, CEPHHHOE TPOM3BOACTBO, ONTOBBIE 3aKyNKH U pacHpeieeHne (GPHMKCUPOBAHHBIX
3aTpaT Ha CTPOWTEIBHYIO IUIOLIAAKY Ha Oojiee KPyMHBIH 00BEM MPOM3BOJCTBA MOTYT CHHU3HUTH CPEAHIOI
yZAeNbHYI0 CTOMMOCTh. OHaKO MpeoOpa3oBaHUE TOPOACKUX arjloMepanuii OCyIIEeCTBISIETCS B 00JIEe CI0KHBIX
YCIIOBHUSIX, YEM MAaCCOBOE J>KWJIMIIHOE CTPOWUTENILCTBO Ha «3€JICHOM Imoie». CHOC 31aHWi, NepecelieHue
JKHUTENeH, (QparMeHTHPOBAaHHOCTh MpPaB  COOCTBEHHOCTH, MEPEroBOpsl €  MPaBoOOIaaaTesIMH,
MH(pacTPyKTypHBIE PadOThI, OrPaHUYEHHBIN JOCTYIT U HEOOXOANMOCTb KOOPANHALIMH AEHCTBUI HECKOIBKUX
BE/IOMCTB MOT'YT HHUBENHpOBaTh 3((deKT OT yBennueHus maciutaba mpoekrta. Takum obGpazom, CramOyn
NPe/ICTaBIsIET COO0I MOAXOAANIYIO IUIOLIAJIKY JUIsl IPOBEPKH TOTO, IEHCTBUTENHLHO JIM YBEINUYECHHE MacITada
MPOEKTA CONMPOBOKAAETCS CHUKEHUEM yAENbHOM CTOMMOCTH.

B 1aHHOM HCCIEOBAaHMU AHAIM3UPYETCS, CBS3aHA JIM MAcCHITaOHOCTH IMPOEKTa, H3MepsieMas
KOJIMYIECTBOM JKHITBIX EINHHII, CO CTATHCTUYCCKU 3HAYMMBIM CHIDKEHHEM 3apPETUCTPUPOBAHHON HOMUHAIBHOM
YIETBHOW CTOMMOCTH B (DMHAHCHPYEMBIX M3 TOCYIapCTBEHHOTO OO/DKETa MPOEKTaX TOPOICKOM
TpaHchOpMAIMd W SKAIUIIHOTO cTpouTenbcTBa B CramOyme. Takke pacCMaTpuBaKOTCS KoJieGaHust
HOMHHAIBHOM CTOMMOCTH B 3aBUCHMOCTH OT TIOps/Ka TpoekToB B oTuetax TOKI, cocTaBnenHbIx Ha OcHOBE
JNAaHHBIX W3 OTKPHITBIX HMCTOYHHKOB. DTOT TOPSIOK PACCMATPHUBAETCA HCKIIOYMTENBHO KaK WHIHKATOP
HCTOYHHKA AHHBIX; OH HE OTPaKAET JaTy MPOBEIACHUS TEHIEPa, IaTy 3aKII0UCHN KOHTPAKTa, KaeHIAPHBIH
rojl, MPOJOJDKUTEIILHOCTh MPOCKTa HIU ypOBeHb HHQUIsAIUH. OCHOBHOW BONPOC 3aKJIIOYACTCA B TOM,
JIEMOHCTPUPYIOT JH Oojiee KpyIMHBbIE MPOEKTHl CHUKEHHE YJEIbHON CTOMMOCTH, OXHJIaeMOE€ B paMKax
a¢dekTa MaciiTada, B paMkax Ha0IomaeMoro noprders npoektos B CtamOyIie.

B wuccnenoBaHMM HCTMONB3YeTCS KOJMMYECTBEHHBIH, KPOCC-CEKIIMOHHBIM, HAONIONATENbHBIA U
KOPPEJLIMOHHBIM MOAXO0M, OCHOBAHHBIM Ha BTOPUYHBIX JaHHBIX Ha YpOBHE IPOEKTOB. EnuHunei anamusa
saBIsieTcs TpoekT. Habop maHHBIX BKiIrodaeT Bce 39 3ammceit mo CramOyiy, kotopsle B ssHBape 2026 rona
COOTBETCTBOBAJIM KPUTEPUAM BKJIIOUECHHS B OOLIETOCTYNHBIH HarmoHabHbli cricok TOKI, conepxamuii
280 mpoeKTOB MO MPeoOPa30BaHMIO M Pa3BUTHIO TOPOJOB. TakuM 00pa3oM, pedb MAET O TOJHOM IIEPEdHe
noaxomsmux 3amuceid mo CramOyiry, TOCTYMHBIX Ha MOMEHT cOOpa JaHHBIX, a HE O CIlydallHOH BBIOOpKE.
IIpoekTsr oxBatbBaroT 17 231 xmryto equaAiy U 9 956 951 349 typenxux mup (TL) 3apeructpupoBaHHOM
HOMHUHAJIBHOH 00II[ef CTOMMOCTH.

3aperucTpupoBaHHass HOMHHAJIbHAS YJellbHAs CTOMMOCTh pPACCUUTHIBAJIACH TIyTEM JIEJICHUS
3apEerUCTPUPOBAHHON HOMHHAIBLHOM OOIIEe CTOMMOCTH KaXKJI0TO MPOEKTa Ha KOJMYECTBO JKUIIBIX EAMHHII B
HéM. [lomyyeHHBIH TIOKa3aTeNb B TYypeUKUX JIMpaxX Ha OJHY XKWy €IMHUIY HCIOIb30BAICS B KaueCTBE
CPaBHHUTEIHHOTO MHJWKATOpa Ha ypoBHE MpoekTa. [I0CKONbKY MakeThl MPOEKTOB MOTYT TakKe BKIIOYATh
KOMMEpUYECKHEe OOBEKThI, OOBEKTHI COLMAIbHON HHGPACTPYKTYPHI, HHOPACTPYKTYPY, OIaroycTpoucTBO
TEPPUTOPHUH, CHOC 3J]aHUI U APYTHe KOMIOHEHTHI, dTOT MOKA3aTeNbh HE PACCMAaTPUBAJIC HCKIIOUUTENHHO KaK
Mepa 3aTpaT Ha KWIHIIHOE CTPOUTENBCTBO. [10ATBEPKIEHHBIE AAThl POBEACHUS TEHAECPOB WU 3aKIIOUECHUS
JIOTOBOPOB OBUIM OCTYIHBI HE IUTSI BCEX IPOEKTOB; IMOATOMY JCHEKHBIC 3HAUCHUS aHAIN3UPOBAIHCH B
HOMUHAIIFHOM BBIpKEHHH, 0€3 yueTa KaJeHJapHOT'0 BPEMEHH TN BITUSTHUS UHQIIIUH.

ITpoekTs! ObIIH CTPYNNUPOBAHBI 110 cTeneHH Gu3ndeckoi peanmzannu: 100 %, 75-99 % u menee 75
%, a pacmpeenicHHe WX YIENbHBIX 3aTpaT CPaBHHUBAJIOCH ¢ MOMoOIIbI0 Kpurepus Kpyckama—Yommca. B
PErpecCHOHHOM aHaJH3€ UCIOIb30BAIKCH HATypalbHbIE JTOTapH(MbI YAETBHBIX 3aTpaT U KOJIWIECTBA JKUIIBIX
enunuil. B mporpamme IBM SPSS Statistics ObuTH OlIEHEHBI [BE JTOrapHU(pMUISCKH-TOrapUPMUUCCKIE MOICIH
OLS. Mogens | Bxirodana In(koIM4ecTBO KWIbIX €AMHHMIT), 2 B Moaens 2 OblT 100aBlieH oka3aTelnsb «Panr
— WHJIEKC, COXPAHAIOMNNA OTHOCHTENBHBIH TOPSJIOK CTaMOYJIBCKMX IPOEKTOB B HCXOJHOM CIIUCKE U
nepeuHIeKcupyromuit ux ¢ 1 mo 39.

JmarHocTuKa perpeccMM OXBaTblBajla MYJIBTUKOJUIMHEAPHOCTh, IIOCTOSHHYIO IHCIIEPCHIO,
HOPMaJIFHOCTh OCTaTKOB M NOTEHINAILHO BIUATENbHbIE HAOMOAeHHS. J[)11 OIEHKH MYJIbTHKOJUIMHEAPHOCTH
UCIIONIb30BAINCH KOA(DQUIMEHTH HMHQUIAIMM JUCHEPCHU; ISl TPOBEPKH JIONYLIEHUS O IOCTOSHHOM
Jqucniepcun — TecTsl bpeyma—Ilarana u Yaiira; Ui OleHKH HOPMaJIbHOCTH OCTaTKOB — TecThl Llanmpo—
VYunka u XKapka—beppa; a w1 oTOopa nmoTeHUMANBHO BIMATEIBHBIX HaOMoaeHn — paccrosiHue Kyka u
CTaH/IapTHU3MPOBAaHHBIE OCTaTKH. B paMkax aHain3a YyBCTBUTEIBHOCTH OBIIM PacCMOTPEHBI KBaIpaThl
YJICHOB, XapaKTepPHU3YIOUIMX MaclTad U PaHTOBYIO OLEHKY, MCKIFOYEHBI NPOCKTHI C YPOBHEM (H3MUECKOM
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peannzaryu Hike 10 %, a TakxKe mepecunTaHa MOAENb 2 TOCIIE yIaleHUS ABYX HAaOII0JeHNH, TPEBBIIIAIONINX
MOPOTOBOE 3HAYCHHUE 4/n IO KpUTEpHIo paccTossHus Kyka.

[optdens nmpoektoB CtamOysia IeMOHCTPUPYET 3HAUYNUTEIBHBIE KOJIEOaHHS B 3aperHCTPUPOBAHHON
HOMUHAIIFHOU yaenpHO# ctommocTH. CpemHee apudmerndeckoe coctaBmwio 598 054,31 typernkux mup Ha
eAVHUITY JXUIIbsS, a Meauana — 233 778 Typenkux nup. 3Ha4eHUs BApbUPOBAIHCH OT 23 384 Typenkux Jmp 10
2 868 182 Typeukux JHp Ha COWHUIYY KWIbS, a MEKKBApPTIIBHBINA pa3max cocTaBisut 83 454-588 771,5
TYpeUKUX JHp. 3aMeTHash pasHUIA MEXAy CpeIHMM U MEIUaHHBIM 3HAYCHUSIMHU COTJIACYeTCsl C
ACHMMETPUYHBIM BIIPaBO paclpesielieHHeM, TP KOTOPOM HECKOJIBKO HPOEKTOB C BBICOKOH YIEIbHON
CTOMMOCTBIO HOBBIIIAIOT CPEAHEE 3HAUCHUE 0 NOPT(EIIIO.

Menuana CTOUMOCTH eAUHMIBI XKuibs coctaBmia 107 713,5 TL mnsa mpoextoB co 100 %-Hoi
crenenplo guinueckor peanmsanuu, 351 631 TL mns npoektoB B rpymnme 75 %—99 % u 274 824,5 TL nnsa
MPOEKTOB ¢ MokazateneM Hke 75 %. Tect Kpyckana—Yonimca nokasan CTaTHCTHYECKH 3HAYMMYIO OOIIYIO
pasHHIy MEeXIy TpeMs paclpelelleHIsIMH yaensHoi crommoctu: H(2) = 10,703, p = 0,0047. ITockomsKy
MONIapHbIE TOCT-XOK CPaBHEHUS HE MPOBOAWINCH, 3TOT PE3yNbTaT yKa3blBaeT Ha oOIIee pa3iudue B
pacmpeseneHusx, HO He 03BOJISICT ONPEIENNTh, KAKHEe KOHKPETHO Maphl IPYIII Pa3INYaloTCs. DTOT Pe3yIbTaT
He OBl MHTEPHPETHPOBaH KaK JOKAa3aTeNbCTBO TOTO, YTO CTENEHb (M3MUECKOW pean3allid OKa3bIBacT
MPUYUHHO-CIICICTBEHHOE BIMSHUE HA YJEIbHYIO CTOMMOCTb.

B mMozenu 1 nepemenHas In(Koiau4ecTBO XKHUIbIX SHHUI]) HMENIa OTPULIATENbHBIN, HO CTATUCTUYECKH
He3HauuMbli ko3 durent: B = —0,193, t = 0,553, p = 0,583. Moaesnp o01amana MpeHEOPEIKUMO MaIOn
o0BsicHstOMICH crocoOHOCThIO: R? = 0,008, ckoppektupoBanHoe R? = —0,019, u B 1memom He ObLia
crarucriyeckn 3Haunmoni: F(1, 37) = 0,306, p = 0,583. Takum oOpa3om, MaciuTad npoekTa caM 1o cede He
OOBSCHST 3apEeTUCTPUPOBAHHBIE KOJNEOAHUS HOMHUHAIBLHON YJENbHON CTOMMOCTH Ha CTaTHUCTUYECKH
3Ha4YMMOM yPOBHE.

Hobasnenne nmepeMeHHOH «PaHT B MOAETH 2 CYIIECTBEHHO IOBBICHIIO OOBSICHSIONIYIO CIIOCOOHOCTS!
R? = 0,796, ckoppextupoBanHoe R? = 0,784, F(2, 36) = 70,160, p < 0,001. Tem He MeHEee KOIPPHUIHUEHT IO
In(konMM4ecTBO KUIIBIX SAWHUI]) OCTAICS OTPHIATEIFHBIM W CTaTUCTHYECKH He3HadumbIM: B = —0,119, t =
—0,741, p = 0,463. Ero 95%-Hblil 1OBEpUTENbHBII UHTEPBAN, JiexKauid B Auanazone ot —0,444 no 0,206,
BKJIIOYAJ HyJIb. PaHT OKa3aJics MON0KUTENbHBIM U CTaTUCTUYEeCKH 3HaunMbIM: B=0,111,t=11,784, p <0,001,
¢ 95%-ubIM goBepuTenbHBIM HHTEpBaToM 0,092—-0,130. DToT KO3 PUITMEHT yKa3bIBaeT HA CHCTEMAaTHYECKOE
W3MEHEHNE HOMUHAIBHOU YJIETbHONH CTOMMOCTH B COOTBETCTBUU C MOPSIKOM 3alUCEHl B HCTOYHUKE; OH HE
OTpaXkaeT eXEroJHOro pocra 3artpart, dddekra unsuuu wid 3hdexra nepruoaa MPUIHHHO-CICACTBEHHON
CBSI3U.

3nauenus kodpduuuenra uHusumuu pucnepcun (VIF) cocraBmmm 1,002, uro ykaspiBaeT Ha
OTCYTCTBUE CYIIECTBEHHON MyJbTUKOUIMHEApHOCTH. Tectbl bpeyma-Ilarana u Vaiita He onposepriu
JIOMyIIIEHUE O TIOCTOSHHOM Tucrepcur. TecThl HOpMaJIBHOCTH OCTAaTKOB JaJId HEOJHO3HAYHBIC PEe3yJIbTaThI:
tect Hlammpo—Ywmika okazancs craructideckd 3HaUuMbIM (W = 0,930, p = 0,017), Torma xak tect Kapka—
Bepsl He ompoBepr HOPMAIBEHOCTH Ha ypoBHE 3Haummoctu 5 % (JB = 4,862, p = 0,088). IBa HabmoneHus
MPEBBICHIIM TIOPOTOBOE 3HaueHHWe oTOopa mo paccrosHuio Kyka, paBHoe 4/39 = 0,103, HO HU OAHO
CTaH/IapPTU3MPOBAHHOE OCTATOYHOE 3HAUCHHE HE JOCTHIIIO aOCOMIOTHOTO 3HAUYEHHS 3.

UneH, npencraBisiomuii co0oil KBaapaT In(KOJMYECTBO J>KWIIBIX €IMHUI]), OB CTATHCTHYECKH
He3HauuMbIM (p = 0,522) u, crnemoBaTelabHO, HE JaBaj OCHOBAHHMH MpEIoNaraTth Haludue HETHHEHHOIrO
addexra macmraba. UnmeH «paHr B KBagpare» ObUl CcTaTHCTHYecKH 3HauumMbiM, p = 0,011, d9To
CBHUJIETEIIECTBYET O TOM, YTO CBSI3b MEXK/y HOPSIIKOM 3aIIMCeH B ICXOIHOM Habope 1 HOMUHATIBHOH yIeIbHOM
CTOMMOCTBIO, BO3MOXHO, HE MOXET OBITh aJIeKBaTHO ONKCaHa CTPOTo JTMHEHHON QyHKIMeH. COOTBETCTBEHHO,
JTUHEHHBIH KO3(PPHUIHEHT «paHTra» He CIeAyeT MHTePIPETHPOBATh KaK IMOCTOSHHYIO CKOPOCTh M3MEHEHHH,
MPUMEHUMYIO KO BCEM TOYKaM IOCIIEAOBATEIFHOCTH 3alIUCEeH B ICXOJHOM Habope.

IIpoBepku 4YyBCTBUTEIBHOCTH MOATBEPIMIN OCHOBHOW BbIBOJ. [locie HCKIIOUYEHUS MPOEKTOB CO
cTeneHplo ¢usnueckoil peammzamuu Hipke 10 % kod¢p¢uumentT wmacmraba ocTaics CTaTHCTHYECKH
He3HaunMmbM, B = —0,194, p = 0,222, B To Bpems Kak Ko3(dUIMEeHT paHra ocTaicsi MOJOKHUTEIBHBIM U
3HaunMbeiM, B = 0,111, p < 0,001, R? = 0,816. I[locne uckiroucHHs IBYX HAONIOJCHHA, TMPEBBIIIAFOIINX
noporoBoe 3HaueHue paccrosuust Kyka, koadduunent macmrada BHOBb octasicsi HesHauuMbIM (B = 0,045, p
=0,774), a koaunmeHT paHra COXpaHUII HOJIOKHUTENBHBIIM 3HaK 1 3HauuMocTh (B = 0,113, p < 0,001, R? =
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0,835). XoTs B mocneqHe MO 3HaK KodQduIreHTa MacmTada H3MEHWICS, OCHOBHOW CTaTUCTUYECKHUI
BBIBOJ OCTAJICS] HEM3MEHHBIM.

[Toy4yeHHBIE pe3ybTaThl HE DAIOT CTATUCTHYESCKH 3HAYMMOI MOIICPIKKU MIPEIIIONIONKEHHIO O TOM,
4TO O0IIee KpyIHbIe, (PMHAHCHPYEMBIE M3 TOCYAapCTBEHHOTO OI0KeTa MPOEKTH TOPOICKOH TpaHchopMaIiu
U OKIIMIIHOTO CTPOMTEIBCTBA CHUCTEMAaTHYECKH IIPHBOIAT K OoJiee HHU3KHM 3aperuCTpUPOBaHHBIM
HOMUHAIIFHBIM yICTBHBIM 3aTpaTaM B HaOmromaeMoM moprderne nmpoektoB CtamOyia. DTOT BEIBOJ OCTAEeTCS
HEM3MEHHBIM TPU HCIIOJIb30BAaHUU aJbTEPHATUBHBIX CHEUU(HUKAIMA W NPOBEPKAX HA YyBCTBUTEIBHOCTD.
Takum 00pa3oM, KOJIMYECTBO JKHIBIX EIUHHUI], PacCMaTpHBAaEMOE OTIEIbHO, HE SBIISETCS JOCTATOYHBIM
MOKa3aTeseM 3KOHOMUYecKo! 3(h()eKTMBHOCTH B KOHTEKCTE JJAHHOT'O ITPOEKTA.

CBsi3p MEXIy PaHroM ¥ HOMHHAJIBHBIMU Y/ACIBHBIMHM 3aTpaTaMM cJedyeT HHTepPIpEeTHPOBATh B
npeenax JaHHON nepemeHHOM. OHa IOKa3bIBaeT, YTO 3apETUCTPHPOBAHHBIE 3aTPaThl CUCTEMATUYECKU
BapbUPYIOTCS B 3aBHCUMOCTH OT IIOCNIEIOBAaTEJIHOCTH MCTOYHHKOB JAaHHBIX, HO HE YCTaHABIUBAaECT
KaJICHIAapHOH TEHACHUUM, YPOBHA HHGIALNM WIH IPUYNHHO-CIEICTBEHHOro »3(ddexra mnepuona.
Habmonaemast HEOMHOPOAHOCTH 3aTpaT JODKHA BMECTO 3TOTO OLICHMBATHCS BMECTE C PasMuMsIMU B
MacmTabax IpOeKTOB M TPEOOBAHMSIMH K PEATN3aIi B I'YCTOHACEICHHBIX METAIOINCaX.

B xoHTeKcTe (hOpMHPOBAHMS ITAKETOB 3aKYIHOK M COCTABJICHUS OIO/DKETAa MOITyYCHHBIEC PE3YJIbTaThl
MOATBEPXKIAIOT [EECO00PA3HOCTh OLEHKH KOJIWIECTBA KHUJIBIX €ANHHMI] B COBOKYITHOCTH C 003aTeIIbCTBAMHU
[0 CHOCY W HH(PACTPYKType, JIOTHCTHUECKOH YNPaBIIEMOCTHIO, YCIOBHSMU JOCTYyINa, KOOpIAMHAIWEH
3aMHTEPECOBAHHBIX CTOPOH M COCTaBOM MPOEKTHBIX MaKeTOB. BMecTo TOro 4ToOBI HCXOIUTH W3
MPEANOI0KEHH s, YTO MAaKCUMAaJIbHO BO3MOJXKHBII MaKeT MO CBOEH CYTH sIBJIsIeTCS Hanboiiee d((PEKTUBHBIM,
rOCYy/IapCTBEHHBIE OpraHbl MOTYT OT/AaBaTh MPEINOYTEHHE O0BEMaM IPOCKTOB, KOTOPHIE COXPAHSIOT
MOTEHIMAJbHbIC MPEUMYILECTBa MaciuTada, OCTaBasCh IPH ITOM YNPABISEMBIMU C aJIMHHUCTPATHBHOW H
JIOTUCTUYECKOW To4eK 3peHus. biaromapsi aHaau3zy BceX MOIXOISIIUX CTaMOYJIBCKUX 3alliced Ha ypOBHE
MPOEKTOB JaHHOE MCCIIEJOBAaHHE MPEJOCTABISIET SMIMPHIECKYIO OCHOBY [UISl OIIEHKU MacIuTada u TUHAMHUKH
3apEerHCTPUPOBAHHBIX 3aTpaT B paMKax (HUHAHCHPYEMOH W3 TOCYHApCTBEHHOTO OIO/DKETa TOPOICKOH
TpaHcopManuK B MEraIoIncax.

KiaoueBble cioBa: TropoacCKast TpaHC(bOpMaLlI/Iﬂ, O9KOHOMHA OT MacmTa6a, ToCyAapCTBCHHbBIC
3aKyIIKHW, HOMUWHAJIbHAA YACJIbHAA CTOUMOCTD, dHAJIM3 3aTpaT Ha CTPOUTCIILCTBO.
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Yapilandirilmis Ozet

Biiyiik olcekli konut programlarinda standartlagma, tekrarli tiretim, toplu satin alma ve sabit santiye
giderlerinin daha fazla birime yayilmasi yoluyla ortalama birim maliyetlerin azalmasi beklenmektedir. Bununla
birlikte metropol 6l¢egindeki kentsel doniisiim, bos alanlarda yiiriitiilen toplu konut liretiminden daha karmagik
kosullar altinda gerceklesmektedir. Yikim, tahliye ve yeniden yerlestirme siirecleri, parcali miilkiyet yapisi,
hak sahipleriyle uzlagma, altyapt deplasmanlari, erigim kisitlar1 ve ¢ok aktorlii kurumsal koordinasyon, proje
paketi biiyiidiikge dlgekten beklenen maliyet avantajlarini zayiflatabilmektedir. Bu bakimdan Istanbul, daha
biiyiik proje paketlerinin zorunlu olarak daha diisiik birim maliyet iiretip liretmediginin sinanabilecegi 6nemli
bir arastirma alani sunmaktadir.

Bu galismanin amaci, konut sayistyla dlgiilen proje dlgegi ile Istanbul’daki kamu kaynakli kentsel
doniisiim ve konut projelerinin kayitli nominal birim maliyetleri arasinda istatistiksel olarak anlamli bir azalig
iliskisi bulunup bulunmadigim belirlemektir. Calismada ayrica TOKi’nin kamuya acik kaynak kayitlarindaki
proje dizilimi boyunca nominal maliyetlerin nasil farklilastig1 incelenmistir. S6z konusu dizilim yalnizca bir
kaynak kayit gostergesi olarak ele alinmuis; ihale tarihi, s6zlesme tarihi, takvim y1l1, proje siiresi veya enflasyon
gdstergesi olarak kullanilmamistir. Arastirmanin temel sorusu, incelenen Istanbul portfoyiinde daha biiyiik
projelerin 6l¢ek ekonomisi beklentisiyle uyumlu bigimde daha diisiik birim maliyet gosterip gostermedigidir.

Arastirma, proje diizeyindeki ikincil verilere dayanan nicel, kesitsel, gozlemsel ve iligkisel bir
tasarima sahiptir. Analiz birimi projedir. Veri seti, Ocak 2026 itibarryla TOKi’nin kamuya acik 280 kentsel
doniisiim ve gelisim projesinden olusan ulusal kaynak listesinde yer alan ve dahil edilme &lgiitlerini karsilayan
Istanbul’daki 39 proje kaydinin tamamindan olusmaktadir. Dolayisiyla calisma, rastlantisal bigimde segilmis
bir o&rnekleme degil, veri derleme tarihinde erisilebilen uygun Istanbul kayitlarnin tam sayimma
dayanmaktadir. Incelenen projeler toplam 17.231 konutu ve 9.956.951.349 TL kayitli nominal toplam bedeli
temsil etmektedir.

Kayithh nominal birim maliyet, her projenin kayitli nominal toplam bedelinin konut sayisina
boliinmesiyle hesaplanmistir. Elde edilen TL/konut degeri, projeler arasinda karsilastirma yapmaya yonelik
ortak bir gosterge olarak kullanilmistir. Proje paketleri ticari birimler, sosyal donatilar, altyapi, cevre
diizenlemesi, yikim ve diger uygulama bilesenlerini de i¢erebildiginden bu oran yalnizca konut yapim maliyeti
olarak degerlendirilmemistir. Biitiin projeler i¢in dogrulanmis ihale veya sézlesme tarihleri bulunmadigindan
parasal degerler nominal olarak analiz edilmis; takvim zamani1 veya enflasyon etkisi tahmin edilmemistir.

Projeler fiziki gerceklesme oranlarina gore %100, %75-%99 ve %75’in altinda olmak iizere {i¢ gruba
ayrilmis; gruplarin birim maliyet dagilimlar1 Kruskal-Wallis testiyle karsilastirilmistir. Dagilimdaki saga
carpiklig1 azaltmak ve dlgek katsayisinin esneklik bigiminde yorumlanmasini saglamak amactyla birim maliyet
ve konut sayisi degiskenlerine dogal logaritma doniisimii uygulanmustir.

IBM SPSS Statistics ortaminda iki log-log OLS modeli tahmin edilmistir. Model 1 yalnizca In(Konut
Sayis1) degiskenini icermektedir. Model 2’ye ise Istanbul projelerinin kaynak listedeki goreli dizilimini
koruyan ve 1°den 39’a kadar yeniden indekslenen Sira degiskeni eklenmistir. Regresyon tanilar1 kapsaminda
coklu dogrusal baglanti, sabit varyans, artiklarin normal dagilima uygunlugu ve potansiyel etkili gézlemler
incelenmistir. Bu amacla VIF degerleri, Breusch—Pagan ve White testleri, Shapiro—Wilk ve Jarque—Bera
testleri, Cook uzaklig1 ve standartlastirilmis artiklar kullanilmigtir. Duyarlilik kontrollerinde In(Konut Sayist)
ve Sira degiskenlerinin kareli terimleri sinanmus, fiziki gergeklesme orant %10’un altinda olan projeler
dislanmis ve Cook uzakligi i¢in 4/n tarama esigini asan iki gozlem c¢ikarilarak Model 2 yeniden tahmin
edilmistir.

Istanbul proje portfoyiinde kayitl nominal birim maliyetlerin genis bir dagilim gosterdigi
belirlenmistir. Aritmetik ortalama 598.054,31 TL/konut, medyan ise 233.778 TL/konut diizeyindedir. Birim
maliyetler 23.384 TL/konut ile 2.868.182 TL/konut arasinda degismekte; ¢eyrekler arasi aralik 83.454—
588.771,5 TL/konut olarak hesaplanmaktadir. Ortalama ile medyan arasindaki belirgin fark, iist ugta yer alan
baz1 yliksek birim maliyetli projelerin portfoy ortalamasini yiikselttigi saga ¢arpik bir dagilimla uyumludur.

Fiziki gerceklesme orani %100 olan projelerde medyan birim maliyet 107.713,5 TL/konut, %75-%99
grubunda 351.631 TL/konut ve %75’in altindaki projelerde 274.824,5 TL/konut olarak bulunmustur. Kruskal—
Wallis testi, ii¢ grubun birim maliyet dagilimlar1 arasinda istatistiksel olarak anlamli genel bir farklilik
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bulundugunu géstermistir, H(2) = 10,703; p = 0,0047. ikili post hoc karsilastirma yapilmadigindan bulgu, hangi
grup ciftlerinin farklilastigini degil, gruplar arasinda genel bir dagilimsal ayrisma bulundugunu gostermektedir.
Sonug, fiziki gerceklesme diizeyinin birim maliyet iizerindeki nedensel etkisi olarak yorumlanmamustir.

Model 1°de In(Konut Sayisi1) katsayis1 negatif olmakla birlikte istatistiksel olarak anlamli degildir, B
=-0,193;t=-0,553; p = 0,583. Modelin aciklama giicii oldukga diigiiktiir, R = 0,008; diizeltilmis R?=-0,019.
Model biitiin olarak da istatistiksel anlamliliga ulasmamustir, F(1, 37) = 0,306; p = 0,583. Buna gore proje
Olcegi tek basina kayith nominal birim maliyet farklilasmasini istatistiksel olarak anlamli bi¢imde
aciklamamaktadir.

Sira degiskeninin eklendigi Model 2’nin agiklama giicii belirgin bigimde ylikselmistir, R? = 0,796;
diizeltilmis R? = 0,784; F(2, 36) = 70,160; p < 0,001. Buna karsin In(Konut Sayis1) katsayisi negatif ve
istatistiksel olarak anlamsiz kalmistir, B=-0,119; t =-0,741; p = 0,463. Katsaymnin %95 giiven aralig1 —0,444
ile 0,206 arasinda olup sifirt igermektedir. Sira degiskeni ise pozitif ve istatistiksel olarak anlamlidir, B=0,111;
t=11,784; p <0,001; %95 GA: 0,092—0,130. Bu bulgu, kaynak kayit dizilimi boyunca kayitli nominal birim
maliyetlerin sistematik bigimde farklilastigin1 gdstermekte; yillik maliyet artisi, enflasyon etkisi veya nedensel
bir donem etkisi anlamina gelmemektedir.

Varyans Biiyilitme Faktorii (VIF) degerlerinin 1,002 olmasi ¢oklu dogrusal baglanti sorunu
bulunmadigini gostermistir. Breusch—Pagan ve White testleri sabit varyans varsayimimni reddetmemistir.
Artiklarin normal dagilimima iligkin testler ayn1 yonde sonu¢ vermemistir. Shapiro—Wilk testi anlamli
bulunurken, W =0,930; p= 0,017, Jarque—Bera testi %5 anlamlilik diizeyinde normal dagilimi reddetmemistir,
JB = 4,862; p = 0,088. Iki gdzlem 4/39 = 0,103 Cook uzaklig1 tarama esigini asmis, ancak hicbir
standartlastirilmig artik mutlak deger olarak 3 siniria ulagsmamastir.

[In(Konut Sayis1)]? terimi istatistiksel olarak anlamli degildir, p = 0,522; bu nedenle dogrusal olmayan
bir 6lgek etkisine iligkin kanit elde edilmemistir. Sira? terimi ise anlamli bulunmustur, p = 0,011. Bu sonug,
kaynak kayit dizilimi ile nominal birim maliyet arasindaki iligkinin yalnizca dogrusal bir bigimle temsil
edilmesinin yeterli olmayabilecegine isaret etmektedir. Dolayisiyla dogrusal modelde elde edilen Sira
katsayisi, kayit diziliminin biitiin noktalarinda gegerli sabit bir degisim orani1 olarak degerlendirilmemistir.

Duyarlilik analizlerinde temel ¢ikarim degismemistir. Fiziki gerceklesme orani %10’un altindaki
projeler diglandiginda dlgek katsayisi anlamsiz kalmis, B = —0,194; p = 0,222; Sira degiskeni ise pozitif ve
anlaml iliskisini slirdiirmiistiir, B = 0,111; p < 0,001; R? = 0,816. Cook uzaklig1 esigini asan iki gozlem
¢ikarildiginda da 6lgek katsayisi istatistiksel olarak anlamli degildir, B = 0,045; p = 0,774. Buna karsilik Sira
degiskeni pozitif ve anlamli bulunmustur, B =0,113; p < 0,001; R? = 0,835. Son modelde 6l¢ek katsayisinin
isareti degismekle birlikte temel istatistiksel ¢ikarim degismemistir.

Bulgular, incelenen Istanbul portfdyiinde daha biiyiikk kamu kaynakli kentsel déniisiim ve konut
projelerinin sistematik olarak daha diisiik kayitli nominal birim maliyet iirettigi varsayimini istatistiksel olarak
desteklememektedir. Alternatif model kurulumlart ve duyarlilik kontrolleri de bu temel c¢ikarimi
degistirmemistir. Bu proje baglaminda konut sayisinin tek bagina maliyet verimliligini degerlendirmek icin
yeterli bir gosterge olmadigi goriilmektedir.

Sira degiskeni ile nominal birim maliyet arasindaki iligki, degiskenin niteligi dikkate alinarak
yorumlanmalidir. Bulgular, kaynak kayit dizilimi boyunca maliyetlerin sistematik bi¢cimde farklilagtigin
gostermekte; ancak bir takvim zamani egilimi, enflasyon orami veya nedensel donem etkisi ortaya
koymamaktadir. G6zlenen maliyet heterojenliginin degerlendirilmesinde proje kapsami ile yogun metropol
kosullarin dogurdugu uygulama gereksinimlerinin birlikte ele alinmas1 6nem tagimaktadir.

Ihale kapsamlandirmasi ve biitceleme kararlarinda konut sayisinin yani sira yikim ve altyapi
yliktimliliikleri, lojistik yonetilebilirlik, erisim kosullari, paydas koordinasyonu ve proje paketinin bilesimi
dikkate alinmalidir. Miimkiin olan en biiyiik paketin kendiliginden en verimli se¢cenek oldugu varsayimi yerine,
potansiyel 6l¢ek avantajlarini korurken idari ve lojistik agidan yonetilebilir kalan proje kapsamlari tercih
edilebilir. Calisma, Istanbul’daki uygun proje kayitlarinin tamamim proje diizeyinde inceleyerek kamu
kaynakl1 metropol doniisiimiinde dlgek ile kayith maliyet davraniginin degerlendirilmesine ampirik bir zemin
sunmaktadir.

Anahtar Kelimeler: Kentsel Déniisiim, Olcek Ekonomisi, Kamu Alimlar1, Nominal Birim Maliyet,
Ingaat Maliyet Analizi.
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Introduction

Urban transformation in Istanbul is a multilayered field of public policy shaped not only by
earthquake risk and the vulnerabilities associated with that risk, but also by planning decisions,
property regimes and implementation capacity (Atadv & Osmay, 2007; Deniz, 2013; Ece Kaya &
Erbas, 2024; Koktiirk & Koktiirk, 2007; Ozden, 2006). The field encompasses more than the renewal
of the physical building stock; it also involves interrelated policy issues such as risk reduction, rights
ownership, the use of public resources, spatial redistribution and institutional implementation
capacity (Roberts & Sykes, 2000). Following the 1999 Marmara Earthquake, the urban-
transformation agenda increasingly focused on renewing the existing building stock and transforming
risk-prone areas rather than creating new settlement areas. Research addressing the relationship
between earthquake risk, land use and the urban built environment further demonstrates that disaster
exposure cannot be separated from settlement patterns and spatial development decisions (Elmastag
& Ozcanli, 2014). This process developed in close interaction with market-oriented growth strategies
and neoliberal practices of urban governance (Balaban, 2012; Dinger, 2011; Enlil, 2011; Lees et al.,
2008). This approach to transformation has also been discussed critically in relation to the
construction-led model of economic growth and the social costs it generates in terms of human rights,
social rights, environmental rights and the right to the city (Sahin, 2015). Turkish urban-
transformation experiences have likewise been criticised for approaches that privilege measurable
physical outputs while giving insufficient attention to social, spatial and institutional consequences
(Batal & Dur, 2019). In Istanbul, the literature has extensively considered how transformation
practices have brought gentrification, property transfer and spatial inequality to the fore, and how
projects concentrated in central districts may intensify social and spatial tensions (Ayik, 2015;
Cavusoglu & Strutz, 2014; Ceker & Belge, 2015; Kuyucu & Unsal, 2010; Sengiil, 2009; Tuna, 2004;
Tiirkiin, 2011). Evidence from neighbourhood-level studies also indicates that urban transformation
may affect migration, displacement and the continuity of local social structures (Kogak, 2014). The
social and spatial consequences of these processes have become particularly visible through debates
on displacement and the restructuring of neighbourhood fabric in Tarlabas1 and Sulukule (Ata, 2010;
Kaban, 2011). The Sarigél case further shows that comparable effects may extend to surrounding
neighbourhoods, while evidence from Sariyer-Derbent demonstrates that transformation processes
in informal housing areas may generate additional social problems for existing communities
(Altiparmak & Tuna Uysal, 2020; Kili¢ & Hardal, 2014).

The Housing Development Administration of the Republic of Tiirkiye (TOKI), one of the
principal institutional actors in state-supported housing production and urban transformation, is not
merely a housing provider; it is also a public institution with a substantial role in restructuring urban
space (Ozdemir, 2011; TOKI, 2024). TOKI’s project portfolio, implementation scale and tendering
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preferences directly shape both the financing of transformation and the manner in which public
resources are used (TOKI, 2024, 2025). Law No. 6306 on the Transformation of Areas under Disaster
Risk reorganised the legal framework of urban transformation and made the implementation
principles governing such matters as the designation of risk-prone areas, rights ownership and
valuation more explicit (6306 Sayili Kanun, 2012; T.C. Cevre ve Sehircilik Bakanligi, 2019).
Nevertheless, parcel consolidation, ownership disputes, negotiations with rights holders and
protracted administrative procedures remain major sources of implementation difficulty and
uncertainty that may increase both time and cost uncertainty in transformation projects (Ataév &
Osmay, 2007; Ozden, 2006). Decisions concerning the designation of reserve areas and the selection
of project sites are likewise related not only to implementation capacity but also to spatial suitability
and institutional decision-making processes (Bektas, 2021; Ciliz & Aksu, 2023). The treatment of
urban transformation within architecture and planning education also reflects the interdisciplinary
nature of these decisions and the need to integrate spatial, regulatory and implementation-related
knowledge (Ece Kaya & Erbas, 2024). More broadly, studies of urban development show that
location decisions, land-use patterns and planning hierarchies can produce long-term effects on the
form and direction of urban growth (Benek & Sahap, 2016; Kegeli, 2014).

Cost behaviour in publicly funded transformation projects is associated not only with project
scale and construction technique, but also with the public procurement and contract regime. Contract
duration, progress-payment procedures, price-adjustment mechanisms and revisions to work
programmes are institutional factors that may influence the formation and management of recorded
nominal costs, particularly during periods of rapidly changing input prices (Ercan, 2017; Kocaman
et al., 2020; Resmi Gazete, 2013; Winch, 2010). An assessment of unit-cost behaviour in TOKI
projects based solely on the number of housing units would therefore be incomplete. Project and
tender scope, cost risks associated with delivery time, changes in the general price level and
implementation conditions must also be considered when unit-cost findings are interpreted
(Cantarelli et al., 2012).

The scale and continuity of public investment make it necessary to monitor costs and develop
comparable indicators. In the construction sector, cost formation is shaped by market conditions and
risk structures as well as project scale and organisational capacity, while cost estimation and the
management of cost risks directly affect the quality of decision-making (Akintoye, 2000; Colak &
Ugur, 2023; Love et al., 2016; Polat, 2005). The Construction Cost Index is a key indicator for
monitoring changes in construction costs in Tirkiye; consequently, regular monitoring of price
movements is important for publicly implemented programmes (Tiirkiye Istatistik Kurumu [TUIK],
2024). Where verified tender or contract dates are unavailable at project level, however, recorded
nominal project values cannot be converted reliably into real values by means of an index. The
methodological limits of nominal unit-cost comparisons must therefore be stated explicitly, and the
scope and interpretive boundaries of any ordering indicator must be defined with due recognition
that it does not directly represent calendar time or inflation. In this context, monitoring cost dynamics
at the level of cost per housing unit, rather than only through total budgets, provides an important
basis for evaluation in terms of life-cycle costing and fiscal sustainability (Flanagan et al., 1989; Ive
& Gruneberg, 2000).

As the scale of housing production increases, standardisation, repetitive production and bulk
procurement may be expected to reduce unit costs. Metropolitan urban transformation, however,
creates a tension between scale-related efficiencies and the costs generated by implementation
complexity (Flyvbjerg, 2014; Ive & Gruneberg, 2000; Merrow, 2011). In densely built settings such
as [stanbul, where access is restricted and implementation conditions are demanding, demolition and
excavation, site logistics, material delivery, permitting, negotiations with rights holders,
infrastructure relocation, phasing and stakeholder coordination may become increasingly complex
as project scale expands (Dinger, 2011; Flyvbjerg, 2014; Sonmez, 2019). Urbanisation studies further
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show that rapid spatial expansion and changes in land use can create additional pressures on
infrastructure provision, accessibility and the management of urban growth (Avcu & Buldur, 2018;
Benek & Sahap, 2016). Under these conditions, the cost advantages expected from standardisation,
repetitive production and bulk purchasing may be weakened by metropolitan implementation
constraints and time-related nominal cost pressures. It is therefore important to test empirically, using
publicly funded transformation projects in Istanbul, the assumption that larger projects necessarily
generate lower unit costs (Flyvbjerg, 2014; Ive & Gruneberg, 2000; Odeck, 2004).

Planning, political economy and social consequences occupy a prominent place in the
literature on urban transformation (Balaban, 2012; Harvey, 2012; Sengiil, 2009). Turkish Studies
research has also concentrated primarily on the social consequences of transformation, changing
neighbourhood structures, urbanisation patterns, planning challenges and the relationship between
local communities and redevelopment processes (Altiparmak & Tuna Uysal, 2020; Ayik, 2015; Batal
& Dur, 2019; Ece Kaya & Erbas, 2024; Kogak, 2014). By contrast, project-level empirical research
on cost behaviour remains more limited. Micro-level analyses based on tender and project records
allow cost estimation, risk management and unit-cost analysis to be evaluated together (Akintoye,
2000; Colak & Ugur, 2023; Flyvbjerg, 2009; Polat, 2005).

Within this theoretical and methodological framework, the empirical scope of the study
comprises all 39 Istanbul project records that met the inclusion criteria and appeared, as of January
2026, in TOKI’s publicly accessible list of 280 urban transformation and development projects
(TOKI, 2025). The project-level dataset is therefore not a random sample; it is a full enumeration of
the Istanbul records accessible at the time of data collection that satisfied the stated inclusion criteria.
The analysis uses the number of housing units, recorded nominal total value, physical realisation rate
and a Rank variable derived from the ordering of records in the source list. Rank is not a tender date,
contract date, calendar year or official project identifier; it is a limited ordering indicator used to
reflect nominal cost variation along the source-record sequence. The central research question is
whether an increase in project scale is associated with a statistically significant reduction in recorded
nominal unit cost. The study examines the economies-of-scale proposition in publicly funded
transformation projects in Istanbul in relation to heterogeneity in project scope, source-record
ordering and metropolitan implementation complexity, thereby seeking to make a complementary
project-level contribution to the literature on urban transformation, public expenditure and cost
behaviour.

Research Design

The study adopts a quantitative, cross-sectional, observational and correlational design based
on secondary project-level data compiled from TOKI’s publicly accessible project records. It tests
the relationship between project scale and recorded nominal unit cost in publicly implemented urban
transformation and development projects and evaluates observed cost differences together with
physical realisation levels, heterogeneity in project scope and the ordering of source records. Rather
than estimating a causal effect, the design identifies statistical relationships among variables within
the observed project portfolio. This joint consideration of project scale, cost behaviour and
implementation conditions is related to the literature on cost estimation, cost management and life-
cycle costing (Akintoye, 2000; Flanagan et al., 1989; Ive & Gruneberg, 2000; Polat, 2005).

Frame Population and Analytical Scope

The data source is TOKI’s publicly accessible webpage entitled “Applications by Project
Type” (https://www.toki.gov.tr/proje-tipine-gore-uygulamalar) (TOKI, 2025). The dataset was
compiled from the records available on this page in January 2026. The inclusion criteria were that a
project was listed under urban transformation and development, that the term “Istanbul” appeared in
the project name or provincial information, and that the fields for housing-unit count, recorded total
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value and physical realisation rate were complete. Specifying the source, access period and inclusion
criteria strengthens the transparency and traceability of the data-collection process.

The frame population consists of 280 project records listed under the urban transformation
and development category on TOKI’s “Applications by Project Type” webpage as of January 2026.
The unit of analysis is the project, and all 39 records associated with Istanbul that met the inclusion
criteria were included in the analysis (TOKI, 2025).

The 39 projects are therefore not a randomly selected sample but a full enumeration of
eligible Istanbul records in the source list at the time of data collection. These project-level records
represent 17,231 housing units and 9,956,951,349 TL in recorded nominal total value. The focus on
Istanbul reflects the aim of examining, in a specific metropolitan context, how dense development,
fragmented ownership, demolition and evacuation, access and logistics constraints, and multi-actor
administrative procedures are associated with cost behaviour.

Other metropolitan cities, including Ankara, Izmir and Bursa, were not included because the
research was designed to examine the project portfolio specific to the Istanbul subpopulation rather
than to undertake an inter-city comparison. A multi-city design would require a separately
harmonised data structure covering verified tender and contract dates, city-level price differentials,
project scope, total construction area and indicators of spatial complexity. The findings are therefore
interpreted within the context of the Istanbul subpopulation.

Although the dataset is a full enumeration, the statistical models are used not to generalise
from a sample to a broader geographical population, but to evaluate conditional relationships and
model uncertainty within the observed Istanbul portfolio.

Data Structure

The following variables were used for each project:
e Number of housing units

e Recorded nominal total value (TL)

e Physical realisation rate

e Source-record rank (Rank)

It was not possible to verify separately for every project whether the total-value field
represented the initial tender amount, a revised contract amount or an updated recorded value. The
variable was therefore termed “recorded nominal total value”, and the monetary figures used in the
analysis were treated as nominal values reported in TOKI’s records rather than as real, inflation-
adjusted costs.

Variables and Operationalisation

The dependent variable is unit cost, calculated by dividing recorded nominal total value by
the number of housing units:

Unit Cost = Recorded Nominal Total Value / Number of Housing Units

This indicator was used to establish a common TL-per-housing-unit measure across projects.
The resulting value does not represent housing construction cost alone; it is a comparative cost
indicator obtained by dividing the recorded nominal total value of the entire project scope, which
may include non-housing components, by the number of housing units.

The principal independent variable is project scale. Project scale is measured by the number
of housing units and enters the regression models as In(Housing Units).
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The Rank variable preserves the relative ordering of Istanbul projects in the national source
list and re-indexes them sequentially from 1 to 39 within the Istanbul subpopulation. This re-indexing
retains relative order but does not carry into the model the intervals between the original rank values
in the national list. Rank is not a tender date, contract date, calendar year, project duration or official
TOKI project number. It is therefore used not as a period control representing calendar time or
inflation, but as a limited ordering indicator for examining recorded nominal cost variation along the
source-record sequence. Its coefficient is not interpreted as an annual rate of cost increase.

Because verified tender or contract-year information was unavailable at project level, the
relationship of Rank with those time variables or with the Construction Cost Index could not be tested
reliably. No unsupported temporal matching was undertaken.

Physical realisation rate is a supplementary variable describing the implementation level of
each project. It is not treated as a direct measure of delay or cost escalation. For descriptive and
comparative analyses, projects were classified into three groups: physical realisation of 100%, 75%—
99%, and below 75%. The Kruskal-Wallis test was used to assess whether unit-cost distributions
differed across these groups.

Data Cleaning and Preprocessing

When the total-value variable was converted from a textual monetary format into a numeric
format, the “TL” expression and spaces were removed, thousands separators were deleted, decimal
commas were converted to decimal points, and the resulting values were transformed into numeric
form. For example, a record formatted as *“24.862.000,00 TL” was converted into the machine-
readable value “24862000.00”. Unit cost was then calculated by dividing recorded nominal total
value by the number of housing units.

Natural-logarithm transformations were applied to unit cost and housing-unit count to reduce
right-skewness in the unit-cost distribution and to permit the scale coefficient to be interpreted as an
elasticity. The transformed variables used in the regression models were:

. In(Unit Cost)
. In(Housing Units)

Because physical realisation rates were recorded on a 0—1 scale, percentage equivalents were
used in the group classifications. Thus, 1.00 was interpreted as 100% and 0.80 as 80% physical
realisation.

Statistical Analysis and Model Specification

The analyses were conducted in IBM SPSS Statistics. Descriptive analyses included the
mean, standard deviation, median, first and third quartiles, minimum and maximum. Given the
skewed distribution and unequal group sizes, unit-cost distributions across physical-realisation
groups were compared with the non-parametric Kruskal-Wallis test.

Two log-log OLS models were estimated to examine the relationship between project scale
and unit cost.

Model 1: Scale variable only
In(Unit Cost) = o + B: In(Housing Units) + &
Model 2: Scale and Rank variables
In(Unit Cost) = o + B: In(Housing Units) + B Rank + ¢

Here, o denotes the constant, B: the project-scale coefficient, B2 the coefficient on Rank, and
¢ the error term.

Turkish Studies — Economics, Finance, Politics 21(O1)



Are There Economies of Scale in Publicly Funded Urban Renewal?... 1121

Model 1 examines the bivariate relationship between project scale and unit cost. Model 2
examines the direction and statistical significance of the project-scale coefficient after Rank is
included. Rank neither converts costs into real terms nor separates an inflation effect.

In the log-log specification, B: represents the approximate percentage change in unit cost
associated with a 1% change in the number of housing units (Wooldridge, 2020). A negative and
statistically significant B is consistent with economies of scale, whereas an insignificant coefficient
is interpreted as insufficient statistical evidence of economies of scale within the observed Istanbul
portfolio (Ive & Gruneberg, 2000). The findings are interpreted as conditional statistical relationships
within the project portfolio rather than as causal effects (Wooldridge, 2020).

Regression diagnostics assessed multicollinearity with Variance inflation factor (VIF)
values, the constant-variance assumption with the Breusch—Pagan and White tests, and residual
normality with the Shapiro-Wilk and Jarque—Bera tests (Breusch & Pagan, 1979; Jarque & Bera,
1980; Shapiro & Wilk, 1965; White, 1980). Potentially influential or outlying observations were
assessed with Cook’s distance and standardised residuals. The screening criteria were 4/n for Cook’s
distance and |standardised residual| > 3 for standardised residuals (Cook, 1977).

The possibility of a nonlinear scale effect was tested by adding [In(Housing Units)]? to the
model (Wooldridge, 2020). A supplementary model including Rank?® was also estimated to assess
whether a linear representation adequately captured the association between Rank and recorded
nominal unit cost (Wooldridge, 2020). All statistical tests used a two-sided significance level of 0.05.

Robustness and Sensitivity Analyses

Complementary sensitivity checks were conducted to determine whether the principal
finding depended on particular observations or a single functional form. Model 2 was re-estimated
after excluding the three projects with physical realisation below 10%. It was also re-estimated after
excluding the two observations above the Cook’s-distance screening threshold, thereby evaluating
the sensitivity of the principal coefficients to those records. Nonlinear scale effects were examined
with [In(Housing Units)]?, while a possible nonlinear association between source-record rank and
recorded nominal unit cost was tested in an alternative model containing Rank?.

These checks made it possible to assess the sensitivity of the scale coefficient to projects
with very low physical realisation, potentially influential observations and the functional form of the
model.

Limitations

The expression of monetary variables in nominal TL is a principal methodological limitation
of the study. Since verified tender or contract dates were unavailable for all projects, project-level
values could not be converted into real terms using the TUIK Construction Cost Index (TUIK, 2024).
The findings are therefore interpreted not as inflation-adjusted cost estimates but as project-level
comparisons based on recorded nominal values.

Heterogeneity in project scope is another factor affecting unit-cost comparability. In addition
to housing units, some projects may include shops, commercial areas, social facilities, infrastructure,
landscaping or other implementation components. Because these components could not be
disaggregated consistently for all projects, part of the observed unit-cost variation may reflect
differences in project scope rather than project scale.

Although the physical realisation rate describes the implementation level, it was not possible
to verify for all projects whether the recorded total value represented the initial tender amount, a
revised contract value or an updated record. The association between physical realisation and unit
cost was therefore not interpreted as direct evidence of delay or cost escalation.
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The geographical scope is confined to the Istanbul subpopulation. Istanbul’s dense built
environment, fragmented ownership structure, demolition and evacuation requirements, access and
logistics constraints, and administrative coordination conditions may differ from those of other cities.
The findings are consequently interpreted within the context of the Istanbul portfolio. Future research
could retest the scale effect using multi-city datasets containing verified tender and contract dates,
total construction area, project-scope components, location indicators, demolition intensity and
variables related to negotiation processes.

Findings
General Overview and Key Magnitudes of the Istanbul Project Portfolio

As of January 2026, the Istanbul project portfolio examined in the study comprised 39 TOKI
urban transformation and development projects, representing 17,231 housing units and
9,956,951,349 TL in recorded nominal total value.

The arithmetic mean of project-level unit costs was 598,054.31 TL per housing unit, while
the median was 233,778 TL per housing unit. The substantially higher mean and the range from
23,384 TL to 2,868,182 TL per housing unit are consistent with a right-skewed distribution in which
several upper-tail projects increase the average. The median and distributional measures should
therefore be considered together with the mean when the central tendency of the portfolio is evaluated
(Table 1).

Table 1. Descriptive statistics for the Istanbul project portfolio (n = 39)

Variable N Minimum Maximum Mean Stal.ldz.lrd
deviation
Recorded nominal total 39 | 7.120,000.00 1,718,999,000.0 | 255,306,444. 403,109.271.18
value (TL) 0 85
Number of housing units 39 70 1,152 441.82 268.18
Unit cost (TL/housing unit) 39 23,384 2,868,182 598,054.31 829,093.06

The mean unit cost is the arithmetic mean of the TL-per-housing-unit values calculated
separately for each project; it is not the weighted portfolio average obtained by dividing aggregate
recorded nominal total value by the aggregate number of housing units.

The wide minimum-maximum intervals and high standard deviations, especially for
recorded nominal total value and unit cost, confirm substantial within-portfolio heterogeneity and
warrant separate consideration of records at the lower and upper tails of the distribution.

Lower and Upper Tails of the Unit-Cost Distribution

Following the general assessment of the distribution, records at the lower and upper tails of
the portfolio were examined separately. The five projects with the lowest unit costs were in the range
of 23,384-58,231 TL per housing unit and included the Kiiciikcekmece-Halkali phases, Tuzla-
Aydinh and ikitelli-Ayazma projects. The five projects with the highest unit costs ranged from
1,820,896 to 2,868,182 TL per housing unit and included Fatih-Yedikule, Zeytinburnu-
Merkezefendi, Gaziosmanpasa-Yildiztabya, the Esenler Southern Project Area and Maltepe-
Atisokulu.

The projects reported in Tables 2 and 3 were selected to describe the lower and upper tails
of the distribution. Their position in those tails did not by itself classify them as statistical outliers.
Potentially influential or outlying observations were assessed separately using Cook’s distance and
standardised residuals (Table 2 and Table 3).
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The project names in the tables indicate that some project packages contain non-housing
components such as social facilities and commercial units. The available records do not permit the
share of these components in total value to be disaggregated consistently across all projects, nor do
they allow nominal values to be matched with verified tender or contract dates. The cost differences
at the lower and upper tails were therefore treated as descriptive variation within the portfolio rather
than as direct consequences of location, physical realisation or implementation complexity.

Table 2. Five projects at the lower tail of the unit-cost distribution

Unit cost .
Cost rank (TL/housing unit) Project name
1 23,384 Istanbul Kiiciikcekmece Halkal1 (182/1), Section 3
2 27,261 Istanbul Kiiciikcekmece Halkali (182/1), Section 1
3 28,061 Istanbul Kiiciikcekmece Halkali (182/1), Section 2 + social facilities
Istanbul Tuzla Aydinli, Zone 2, 984 housing units, squatter-
4 37,298 .
settlement transformation
5 58,231 Istanbul Kiiciikcekmece Ikitelli Ayazma

Table 3. Five projects at the upper tail of the unit-cost distribution

Cost Unit cost | Housi Recorded Physical
rank (TL/housi ng nominal total | realisation Project name
ng unit) units value (TL) (%)
1 2,868,182 176 504,800,000 ) Fatih, Yedlkple (Atl‘lgan Sitesi) Urban
Transformation Project
Zeytinburnu, Merkezefendi Urban
2 2,729,339 484 1,321,000,000 80 Transformation Project (+40 shops)
Gaziosmanpasa, Yildiztabya 6B Area
3 2,584,961 665 1,718,999,000 84 Urban Transformation and Development
Project
Esenler Southern Project Area UTD,
4 1,885,667 315 593,985,000 88 Phase 3, Zone 2 (+4 shops)
5 1,820,896 | 603 | 1,098,000,000 00 | prattepe, Ausokulu Neighbourhood,

In Table 2, a cost rank of 1 indicates the lowest unit-cost project; in Table 3, it indicates the
highest unit-cost project. This cost rank is distinct from the Rank variable used in the regression
models.

Cost Variation by Physical Realisation Level

The descriptive results by physical-realisation group show that recorded nominal unit-cost
distributions differ across implementation levels. Projects with 100% physical realisation (n = 16)
had a median unit cost of 107,713.50 TL per housing unit. The median was 351,631.00 TL per
housing unit for projects in the 75%-99% band (n = 19) and 274,824.50 TL per housing unit for
projects below 75% (n = 4). The limited number of observations in the last group and its range from
65,194 to 2,868,182 TL per housing unit indicate considerable within-group dispersion (Table 4).

The Kruskal-Wallis test identified a statistically significant overall difference among the
three unit-cost distributions, H(2) = 10.703, p = 0.0047. This result indicates that at least one group
distribution differs from the others. Because no pairwise post hoc comparison was conducted, no
claim is made as to which specific pairs of groups differ significantly. Differences in the reported
medians are therefore considered descriptive group-level patterns.
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The observed differences were not interpreted as evidence that physical realisation has a
causal effect on unit cost. The absence of verified tender and contract dates for all observations,
uncertainty over whether the recorded total value represents an initial tender amount, a revised
contract value or an updated record, and differences in project scope may jointly contribute to
separation among the groups. The result is therefore interpreted as evidence of differing recorded
nominal cost distributions across projects at different implementation levels, not as proof that low
physical realisation causes higher costs.

Table 4. Summary of unit cost by physical realisation band (n = 39)

Mean Median
Physical . . Q1-Q3 Min—Max
realisation band n (TL/hqusmg (TL/hqusmg (TL/housing unit) | (TL/housing unit)
unit) unit)
100% 16 134,748.63 107,713.50 49,684-237,590 23,384-326,958
223,334—
0/ 000, ’ .
75%—-99% 19 930,795.53 351,631.00 1.732.046 34,638-2,729,339
102,448—
[ 4 .
<75% 4 870,756.25 274,824.50 1,043,132 65,194-2,868,182

Testing the Economies-of-Scale Hypothesis with Regression

The descriptive findings reveal a wide distribution of recorded nominal unit costs in the
Istanbul portfolio. To evaluate the relationship between project scale and unit cost directly, two OLS
models were estimated with In(Unit Cost) as the dependent variable and In(Housing Units) as the
principal independent variable. Model 1 contains only project scale, whereas Model 2 adds the Rank
variable defined in the method section.

Model 1: Scale Variable Only

In Model 1, the coefficient on In(Housing Units) was negative but not statistically significant,
B =-0.193, t =-0.553, p = 0.583. The model had very low explanatory power, R> = 0.008, adjusted
R? =-0.019, and was not statistically significant as a whole, F(1, 37) = 0.306, p = 0.583. Project
scale alone therefore did not explain variation in In(Unit Cost) at a statistically significant level, and
projects containing more housing units could not be associated systematically with lower unit costs
within the observed Istanbul portfolio (Table 5).

Table 5. Model 1 OLS regression results (dependent variable: In[Unit Cost], n = 39)

Variable B Standard error t p
Constant 13.501 2.064 6.542 <0.001
In(Housing Units) -0.193 0.348 —0.553 0.583

Model 2: Scale and Rank Variables

Adding Rank increased the explanatory power substantially, and Model 2 was statistically
significant as a whole, R* = 0.796, adjusted R* = 0.784, F(2, 36) = 70.160, p < 0.001. Nevertheless,
the coefficient on In(Housing Units) remained negative and statistically insignificant, B =—0.119, t
=-0.741, p = 0.463. Its 95% confidence interval included zero, from —0.444 to 0.206 (Table 6).

The coefficient on Rank was positive and statistically significant, B=0.111,t=11.784, p <
0.001, with a 95% confidence interval of 0.092—0.130. This finding shows a positive association
between progression along the source-record sequence and recorded nominal unit cost. Since Rank
is not a tender date, contract date or calendar year, the coefficient is not interpreted as annual cost
growth, an inflation effect or a linear period trend. It expresses only the recorded nominal cost
variation observed along the source-record ordering, holding the other variable constant.
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In Table 6, B denotes the unstandardised regression coefficient, § the standardised regression
coefficient, and CI the confidence interval. Because a standardised f is not defined for the constant,
the relevant cell is shown with an em dash.

Table 6. Model 2 OLS regression results (dependent variable: In[Unit Cost], n = 39)

. Standard Lower 95% | Upper 95%
Variable B error B t p Cl CI
Constant 10.841 0.976 — 11.111 | <0.001 8.862 12.820
In(Housing Units) | —0.119 0.160 —0.056 | -0.741 0.463 —0.444 0.206
Rank 0.111 0.009 0.888 11.784 | <0.001 0.092 0.130

The absence of a statistically significant coefficient on In(Housing Units) in both models
provides insufficient evidence that increasing project scale is systematically associated with a
reduction in recorded nominal unit cost within the observed Istanbul portfolio. At the same time, the
strong and statistically significant association between Rank and nominal unit cost, together with the
high explanatory power of Model 2, requires further examination of functional form, regression
assumptions and potentially influential observations.

Regression Diagnostic Tests and Supplementary Model Checks

The basic assumptions and functional form of Model 2 were evaluated by examining
multicollinearity, constant variance, residual normality, potentially influential observations and
nonlinear relationships. The diagnostic results indicate no multicollinearity among the independent
variables and no rejection of the constant-variance assumption. Because the tests of residual
normality did not produce concordant results, coefficient-based inference was interpreted cautiously
in view of the limited number of observations.

Two observations exceeded the 4/n Cook’s-distance screening threshold, but no standardised
residual reached an absolute value of 3. The two records were therefore treated as potentially
influential observations rather than as observations with extreme residuals. The 4/n criterion is a
screening measure rather than a definitive rule requiring automatic deletion of observations.

In the functional-form checks, the squared term for In(Housing Units) was not statistically
significant. By contrast, the squared Rank term was significant, suggesting that the association
between source-record ordering and nominal unit cost may not be represented adequately by a purely
linear function. Since Rank does not represent calendar time, the significance of Rank® is not
interpreted as an acceleration in time-related cost growth. The regression diagnostics and
supplementary model checks are reported in Table 7.

Table 7. Regression diagnostic tests and supplementary model checks

Diagnostic/check Result Assessment
VIF: In(Housing Units) 1.002 No multicollinearity problem identified.
VIF: Rank 1.002 No multicollinearity problem identified.

Breusch—Pagan test

LM = 0.026; p=0.987

The constant-variance assumption was not
rejected.

White test

LM =8.504; p=0.131

No statistical evidence of heteroskedasticity.

Shapiro—Wilk test

W=0.930; p=0.017

Caution is required regarding residual normality.

Jarque—Bera test

JB =4.862; p=0.088

Normality was not rejected at the 5% level.

Cook’s-distance
screening threshold

4/39=0.103

Threshold used to screen potentially influential
observations.

Project ID 11

Cook’s D=10.123;
standardised residual =
1.249

Potentially influential observation above the
Cook’s-distance threshold.
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Diagnostic/check Result Assessment
. Cook S D= 0'.127; _ Potentially influential observation above the
Project ID 18 standardised residual = > 4
5 418 Cook’s-distance threshold.
Standardised-residual No observation with No observation with an extreme standardised
check [residual| > 3 residual.
[In(Housing Units)]? p=0.522 No evidence of a nonlinear scale effect.
Rank? p=0011 The association between Rank and nominal unit

cost may not be fully linear.

Robustness Analysis Excluding Projects with Very Low Physical Realisation

To evaluate the possible influence of three project records with physical realisation below
10%, Model 2 was re-estimated after excluding those observations. The resulting dataset comprised
36 projects. The purpose of this exercise was not to establish a causal relationship between physical
realisation and unit cost, but to assess the sensitivity of the scale and Rank coefficients to
observations with very low implementation levels (Table 8).

The model remained statistically significant as a whole and retained high explanatory power,
R?=0.816, adjusted R? = 0.805, F(2, 33) = 73.230, p < 0.001. The coefficient on In(Housing Units)
remained negative but statistically insignificant, B =—0.194, t = —1.246, p = 0.222. Rank remained
positive and statistically significant, B=0.111, t = 12.056, p < 0.001.

Comparison with the principal model shows that the coefficient on In(Housing Units)
retained its negative sign and remained statistically insignificant in both specifications. The absence
of a significant scale coefficient is therefore not attributable solely to the three records with very low
physical realisation. Rank also remained positively associated with recorded nominal unit cost, but
this association was not interpreted as calendar time, annual cost growth or a direct inflation effect.

Table 8. Model 2 sensitivity-analysis results (n = 36)

q Standard Lower Upper
Variable B error B ¢ P 95% CI 95% CI
Constant 11.353 0.944 — 12.027 <0.001 9.433 13.274

In(Housing Units) | —0.194 0.155 —0.093 —1.246 0.222 —0.510 0.123

Rank 0.111 0.009 0.900 12.056 <0.001 0.092 0.129

Additional Sensitivity Check Excluding Potentially Influential Observations

To assess the influence of observations 11 and 18, which exceeded the Cook’s-distance
screening threshold, Model 2 was re-estimated after excluding both records. In the model based on
37 observations, the coefficient on In(Housing Units) was not statistically significant, B =0.045,p =
0.774; Rank remained positive and significant, B = 0.113, p < 0.001. The explanatory power of the
model was R? = 0.835.

Although the sign of the scale coefficient changed after these observations were excluded,
its statistical insignificance remained. The principal inference concerning project scale therefore did
not depend on these two observations. The sign change nevertheless indicates that, in a small dataset,
the scale estimate is not wholly insensitive to particular records. The finding is consequently
interpreted not as definitive proof that economies of scale do not exist, but as evidence that project
size is not statistically significantly associated with recorded nominal unit cost within the observed
Istanbul portfolio.
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Discussion
Recorded Nominal Unit-Cost Variation in the Istanbul Project Portfolio

The wide unit-cost distribution observed in publicly funded urban transformation and mass-
housing projects in Istanbul indicates that explaining cost behaviour solely through project scale or
production volume may be insufficient. The arithmetic mean being substantially above the median,
together with the broad distance between the lower and upper tails, suggests that several high-unit-
cost projects raise the portfolio average and that project-level cost structures are highly
heterogeneous. Right-skewness in construction-project costs may be associated with project-level
variation in scope, implementation conditions and uncertainty (Akintoye, 2000; Flyvbjerg, 2014;
Love et al., 2013); evaluating the mean together with the median and other distributional measures
therefore provides a sounder basis for comparison.

In interpreting this heterogeneity, it is important to recognise that the unit-cost indicator used
in the analysis does not represent housing construction cost alone. The ratio of recorded nominal
total value to housing-unit count may include commercial units, social facilities, infrastructure works,
landscaping and other implementation components within the project package. A high unit cost may
therefore reflect broader work scope or more demanding implementation conditions rather than low
efficiency or weak cost management (Akintoye, 2000; Flanagan et al., 1989; Ive & Gruneberg, 2000;
Winch, 2010). The inclusion of shops or other non-housing elements in some projects at the upper
tail of Table 3 illustrates how differences in scope may affect the comparability of the TL-per-
housing-unit indicator. Since the shares of these components in total value cannot be disaggregated
consistently, the magnitude of their effects on unit cost cannot be estimated directly with the available
data (Akintoye, 2000; Winch, 2010).

The statistically significant overall difference identified by the Kruskal-Wallis test indicates
that at least one physical-realisation group has a unit-cost distribution different from the others
(Kruskal & Wallis, 1952). Although the difference between the median of projects with 100%
physical realisation and that of projects in the 75%-99% band is noteworthy, it must not be
interpreted as a causal effect of physical realisation on cost. The absence of verified tender and
contract dates for all projects, uncertainty over whether recorded total value represents the initial
tender amount, a revised contract amount or an updated record, and differences in project scope may
all contribute to separation among the groups. Projects with lower physical realisation appearing to
have higher unit costs are therefore interpreted as a distributional pattern among projects at different
implementation levels, not as direct evidence of delay or cost escalation (Wooldridge, 2020).

Evaluation of the Economies-of-Scale Finding

In housing production, standardisation, repetitive work processes, bulk purchasing and the
distribution of fixed site costs across a larger number of units support the theoretical expectation that
average cost may decline as project scale increases (Flanagan et al., 1989; Ive & Gruneberg, 2000;
Merrow, 2011). In the Istanbul portfolio, however, the coefficient on In(Housing Units) was not
statistically significant either in Model 1, which included scale alone, or in Model 2, which added
Rank. The negative but insignificant coefficient in Model 2 means that the expectation of a systematic
association between larger project size and lower recorded nominal unit cost is not supported
empirically within the observed portfolio.

This result does not prove that economies of scale are absent from all urban transformation
projects in Istanbul. It shows only that no statistically significant scale effect could be identified for
the observed project-level records and the cost indicator used. The possibility of a nonlinear
relationship between project scale and unit cost was tested with [In(Housing Units)]?, but the term
was not statistically significant and therefore provided insufficient evidence of either a U-shaped or
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an inverted-U-shaped scale—cost relationship (Wooldridge, 2020). The insignificant scale coefficient
cannot consequently be attributed solely to inadequacy of a linear functional form.

The regression diagnostics indicate that the principal model satisfies some assumptions while
requiring caution in other respects. VIF values close to 1 indicate no multicollinearity, while the
Breusch—Pagan and White tests do not reject the constant-variance assumption (Breusch & Pagan,
1979; White, 1980). The Shapiro—Wilk and Jarque—Bera tests yield different conclusions regarding
residual normality, requiring careful interpretation with 39 observations (Jarque & Bera, 1980;
Shapiro & Wilk, 1965). Two records exceed the Cook’s-distance screening threshold, but no
standardised residual exceeds an absolute value of 3 (Cook, 1977). The scale coefficient remains
statistically insignificant after projects with physical realisation below 10% are excluded.

Metropolitan implementation conditions in Istanbul provide a framework for understanding
why the expected cost advantages of scale may not have become evident. As project scale increases,
not only production volume but also the number of parcels, rights holders, administrative procedures
and implementation components requiring coordination may increase. Parcel consolidation,
ownership disputes, negotiations with rights holders, evacuation and relocation, demolition and
excavation logistics, infrastructure relocation, site access in dense urban fabric and congestion-
related transport constraints may limit the efficiency gains expected from standardisation and bulk
procurement (Ataév & Osmay, 2007; Dinger, 2011; Enlil, 2011; Ozden, 2006; Bosch-Rekveldt et
al., 2011). The megaproject literature likewise emphasises that project size may increase coordination
burdens, decision-making complexity and exposure to risk (Flyvbjerg, 2014; Merrow, 2011).

These implementation difficulties are not directly measured as project-level variables in the
present dataset. No causal relationship can therefore be established between parcel structure,
demolition intensity, negotiation duration or logistics constraints and unit cost. They are treated as
plausible mechanisms consistent with the statistical pattern and the relevant literature. Differences in
scope and location among high-unit-cost projects suggest that housing-unit count alone may provide
an incomplete explanation of cost variation; estimating the magnitude of these relationships would
require more detailed project-scope and spatial data.

Relationship between Source-Record Rank and Recorded Nominal Unit Cost

The strong positive association between Rank and recorded nominal unit cost in Model 2
indicates that nominal unit costs differ systematically along the source-record sequence. Rank,
however, is not a calendar year, tender date, contract date, project duration or official project number.
Its coefficient cannot therefore be interpreted as annual cost growth, an inflation effect or a constant
rate of cost escalation over time. Its meaning is limited to recorded nominal cost variation along the
ordering of TOKI’s source records.

The statistical significance of Rank? suggests that a strictly linear function may be inadequate
for representing the association between source-record ordering and nominal unit cost (Wooldridge,
2020). The linear coefficient B = 0.111 should therefore not be read as a constant rate of change
applying at every level of the source-record sequence. Source-record rank may be associated with
the manner in which projects were published or entered into the database, with unobserved project
characteristics, or with period-specific price conditions; the available data cannot separate these
possibilities (Wooldridge, 2020; Young & Holsteen, 2017).

The path of the Construction Cost Index in Tiirkiye provides a general macroeconomic
context showing that construction costs are sensitive to price movements (TUIK, 2024). Since
verified tender or contract dates are unavailable at project level, Rank could not be matched directly
with the Construction Cost Index and a reliable correlation between them could not be calculated.
The index is therefore used not as empirical validation of Rank, but as general context for why
nominal cost comparisons require caution with respect to time and price levels (Wooldridge, 2020).
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The strong association between source-record ordering and nominal unit cost brings time-
related cost-risk management into the discussion, although project duration is not measured directly.
No causal inference can therefore be made that faster delivery reduces costs (Wooldridge, 2020;
Young & Holsteen, 2017). Protracted administrative and legal procedures are recognised
implementation risks (Atadv & Osmay, 2007; Ozden, 2006), and in periods of volatile input prices,
extended implementation may lengthen projects’ exposure to nominal price pressures (Ercan, 2017;
Kocaman et al., 2020; Resmi Gazete, 2013). The emphasis on time-related cost-risk management is
consequently a cautious policy inference derived from the regression results, the nominal nature of
the monetary values and the relevant literature, rather than from a directly estimated delivery-time
effect.

Implications for Tender Packaging, Phasing and Budgeting

The findings indicate that package size alone may be an insufficient measure of efficiency
in publicly funded urban transformation. The absence of a statistically significant relationship
between project size and recorded nominal unit cost means that the assumption that packages
containing more housing units automatically produce lower unit costs is not supported for the
Istanbul portfolio. Tender packaging and phasing decisions may therefore benefit from considering
parcel structure, demolition intensity, accessibility, logistics capacity, negotiations with rights
holders and institutional coordination requirements alongside housing-unit count (Atadv & Osmay,
2007; Flyvbjerg, 2014; Ozden, 2006; Bosch-Rekveldt et al., 2011). The urban-transformation
literature also indicates that planning and implementation decisions should be addressed by
considering spatial suitability, social structure and institutional capacity together rather than solely
through physical production volume (Batal & Dur, 2019; Ece Kaya & Erbas, 2024; Kegeli, 2014).

Increasing package size may create bulk-purchasing and standardisation advantages, but it
may also increase implementation risks once administratively and logistically manageable limits are
exceeded (Flyvbjerg, 2014; Ive & Gruneberg, 2000; Merrow, 2011). Rather than selecting the largest
possible tender package, authorities may consider project packages divided into feasible phases that
preserve potential scale advantages while limiting managerial and logistical complexity (Flyvbjerg,
2014; Merrow, 2011). As the effects of alternative phasing arrangements were not tested directly,
this recommendation should be understood not as an empirically estimated optimum package size,
but as an implementation implication derived from the findings. Studies of urbanisation and land use
also indicate that rapid and uncontrolled spatial growth may create additional pressures on
infrastructure provision, accessibility and the management of urban development (Avcu & Buldur,
2018; Benek & Sahap, 2016; Kegeli, 2014).

For the management of time-related cost risks, it is important to increase the predictability
of administrative procedures, strengthen coordination among institutions and stakeholders, address
disputes at an early stage and monitor factors that may interrupt implementation schedules (Ataév &
Osmay, 2007; Ercan, 2017, Ozden, 2006). Since Rank does not measure project duration or calendar
time, these recommendations should not be based on a definitive claim that a period effect determines
costs. More cautiously, where input prices are volatile, the management of project delivery and
contractual processes should be considered as a factor in the predictability of project budgets (Ercan,
2017; Kocaman et al., 2020; Resmi Gazete, 2013). The public-administration and urban-governance
literature also demonstrates the importance of institutional coordination, the division of
responsibilities and administrative capacity for the effectiveness of public services (Deniz, 2013;
Yazict, 2018; Winch, 2010).

Presenting unit-cost comparisons together with scope and risk indicators may also support a
sounder assessment of public projects (Akintoye, 2000; Colak & Ugur, 2023; Love et al., 2013).
Where commercial units, social facilities, infrastructure obligations, landscaping, demolition and
excavation requirements are not reported, a simple TL-per-housing-unit comparison may reflect
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differences in scope and complexity more than project efficiency (Flanagan et al., 1989; Ive &
Gruneberg, 2000; Winch, 2010). Future project reporting may therefore improve comparability by
presenting total construction area, non-housing floor area, demolition volume, infrastructure scope
and implementation constraints together with recorded nominal unit cost (Akintoye, 2000; Flanagan
et al., 1989; Ive & Gruneberg, 2000; Winch, 2010). Relevant studies also emphasise that physical
outputs should be considered together with their social and spatial consequences when urban-
transformation practices are evaluated (Altiparmak & Tuna Uysal, 2020; Batal & Dur, 2019; Ece
Kaya & Erbas, 2024).

The legal and contractual framework should also be linked more visibly to cost management.
Rights ownership, evacuation, negotiation and administrative decision-making may contribute to
time and implementation uncertainty in projects governed by Law No. 6306 (6306 Sayili Kanun,
2012; Atadv & Osmay, 2007; Ozden, 2006). Transparent monitoring of contract duration, price-
adjustment provisions, progress-payment schedules and work-programme revisions, together with
separate reporting of scope changes and nominal value updates, may improve the reliability of cost
comparisons in publicly funded transformation projects (Ercan, 2017; Kocaman et al., 2020; Resmi
Gazete, 2013; Winch, 2010). Considering rights ownership, displacement and social-cohesion
processes together with legal implementation may also contribute to the sounder management of
urban-transformation projects not only financially but also in terms of social sustainability
(Altiparmak & Tuna Uysal, 2020; Ayik, 2015; Kogak, 2014).

Conclusion

The analysis of all Istanbul projects in TOKI’s publicly accessible records that met the
research criteria as of January 2026 found no statistically significant relationship between project
scale and recorded nominal unit cost. Within the observed portfolio, the economies-of-scale
expectation that projects containing more housing units would systematically generate lower unit
costs was not statistically supported. The principal inference remained unchanged across alternative
model specifications and sensitivity checks.

This result should not be interpreted as showing that economies of scale can never arise in
urban transformation. It indicates that no statistically distinguishable relationship between project
size and nominal unit cost could be identified with the project-level data and cost indicator used here.
Recorded nominal unit costs nevertheless differed substantially along the source-record sequence,
suggesting that unit-cost behaviour should be considered together with project scope and
implementation conditions rather than production volume alone. Because Rank does not represent
calendar time or inflation directly, the association cannot be attributed to a specific period or price
effect.

The principal contribution of the study is to show that the widely accepted assumption that
“a larger project produces a lower unit cost” is not automatically valid within the observed Istanbul
portfolio. The findings indicate that tender packaging and budgeting decisions should consider
implementation capacity, project scope, logistics and institutional coordination requirements in
addition to project size. A cautious approach that prioritises manageable and comparable project
scopes may therefore be preferable to the assumption that large tender packages are inherently more
efficient.
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Giris

Istanbul’da kentsel déniisiim, deprem riski ve bu riskle iligkili kirilganliklarin yani sira
planlama kararlari, miilkiyet rejimi ve uygulama kapasitesi gercevesinde sekillenen ¢ok katmanli bir
kamu politikas1 alanidir (Atadv ve Osmay, 2007; Deniz, 2013; Ece Kaya ve Erbas, 2024; Koktiirk
ve Koktiirk, 2007; Ozden, 2006). Bu alan, yalnizca fiziksel yap1 stokunun yenilenmesini degil, aym
zamanda risk azaltma, hak sahipligi, kamu kaynaklarinin kullanimi, mekansal yeniden dagitim ve
kurumsal uygulama kapasitesi gibi birbiriyle iligkili politika sorunlarini da kapsamaktadir (Roberts
ve Sykes, 2000). 1999 Marmara Depremi sonrasinda kentsel doniisiim giindemi, yeni yerlesim
alanlarinin  olusturulmasindan ¢ok mevcut yapt stokunun yenilenmesi ve riskli alanlarin
doniistiiriilmesi ekseninde yogunlagsmistir. Deprem riski, arazi kullanimi1 ve kentsel yapili cevre
arasindaki iliskiyi ele alan calismalar da afet maruziyetinin yerlesim Oriintiilerinden ve mekansal
gelisme kararlarindan bagimsiz degerlendirilemeyecegini gostermektedir (Elmastas ve Ozcanli,
2014). Bu siireg, piyasa odakli biiylime stratejileri ve neoliberal kentsel yonetisim uygulamalariyla
i¢ ige ilerlemistir (Balaban, 2012; Dinger, 2011; Enlil, 2011; Lees vd., 2008). Bu doniisiim yaklasima,
hem insaat odakli ekonomik biiylime modeliyle kurdugu iliski hem de insan haklari, sosyal haklar,
¢evre hakki ve kent hakki bakimmdan dogurdugu toplumsal maliyetler {izerinden elestirel bigimde
tartisilmaktadir (Sahin, 2015). Tiirkiye’deki kentsel doniisiim deneyimleri ayrica 6l¢iilebilir fiziksel
ciktilar1 O6ne c¢ikarirken toplumsal, mekansal ve kurumsal sonuglari ikincil planda birakabilen
yaklagimlar bakimmdan da elestirilmektedir (Batal ve Dur, 2019). Istanbul &zelinde, déniisiim
uygulamalarinin soylulastirma, miilkiyet transferi ve mekéansal esitsizlik tartigmalarini giindeme
getirdigi ve merkezi ilgelerde yiiriitiilen projelerin toplumsal ve mekansal gerilimleri artirabildigi
literatlirde genis Olciide ele alinmaktadir (Ayik, 2015; Cavusoglu ve Strutz, 2014; Ceker ve Belge,
2015; Kuyucu ve Unsal, 2010; Sengiil, 2009; Tuna, 2004; Tiirkiin, 2011). Mahalle 6lcegindeki
calismalar da kentsel doniisiimiin gb¢, yerinden edilme ve yerel toplumsal yapilarin stirekliligi
iizerinde etkiler dogurabildigini gostermektedir (Kogak, 2014). Bu siireclerin toplumsal ve mekénsal
sonuclari, Tarlabagi ve Sulukule orneklerinde yerinden edilme ve mahalle dokusunun yeniden
bigimlenmesi lizerinden goriiniir hale gelmistir (Ata, 2010; Kaban, 2011). Benzer etkilerin ¢evredeki
mabhallelerde de ortaya ¢ikabildigi Sarigdl ornegi iizerinden gosterilmis; Sariyer-Derbent iizerine
yapilan bir ¢aligma ise gecekondu bolgelerindeki doniisiim siireglerinin mevcut topluluklar agisindan
ek toplumsal sorunlar iiretebildigini ortaya koymustur (Altiparmak ve Tuna Uysal, 2020; Kili¢ ve
Hardal, 2014).

Tirkiye’de devlet destekli konut iiretimi ve doniisim uygulamalarmin baslica kurumsal
aktorlerinden biri olan Toplu Konut Idaresi Baskanligi (TOKI), yalnizca konut iireten bir kurulus
olmanin &tesinde, kentsel mekanin yeniden diizenlenmesinde etkili bir kamu kurumudur (Ozdemir,
2011; TOKI, 2024). TOKi’nin proje portfoyii, uygulama &lgegi ve ihale tercihleri, doniisiimiin
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finansmanini ve kamu kaynaklarinin kullanim bigimini dogrudan sekillendirmektedir (TOKI, 2024,
2025). 6306 sayilt Afet Riski Altindaki Alanlarin Donistiiriilmesi Hakkinda Kanun, doniisiim
stireclerinin hukuki cercevesini yeniden diizenlemis; riskli alanlarin belirlenmesi, hak sahipligi ve
degerleme gibi konulardaki uygulama esaslarini1 daha belirgin héle getirmistir (6306 sayili Kanun,
2012; T.C. Cevre ve Sehircilik Bakanligi, 2019). Buna karsilik parsel birlestirme, miilkiyet
uyusmazliklari, hak sahipleriyle uzlasma siirecleri ve uzayan idari islemler, doniisiim projelerinde
siire ve maliyet belirsizligini artirabilen baslica uygulama giigliikleri ve belirsizlik kaynaklari
arasinda yer almaktadir (Atadv ve Osmay, 2007; Ozden, 2006). Ayrica rezerv alanlarin belirlenmesi
ve proje alanlarmin se¢imine iligkin kararlar, yalnizca uygulama kapasitesine degil, mekansal
uygunluga ve kurumsal karar siireclerine de baglidir (Bektas, 2021; Ciliz ve Aksu, 2023). Kentsel
doniisiimiin mimarlik ve sehir planlama egitimindeki ele alinis bi¢imi de bu kararlarin disiplinler
arast niteligini ve mekéansal, hukuki ve uygulamaya doniik bilginin birlikte degerlendirilmesi geregini
ortaya koymaktadir (Ece Kaya ve Erbas, 2024). Daha genel olarak, kentsel gelisime iliskin
calismalar, yer secimi kararlarinin, arazi kullanim oriintiilerinin ve planlama kademelenmesinin
kentlerin biiylime yonii ve bigimi iizerinde uzun donemli etkiler yaratabildigini gdstermektedir
(Benek ve Sahap, 2016; Keceli, 2014).

Kamu kaynakli doniisiim projelerinde maliyet davranisi, yalnizca proje 6lgegi ve yapim
teknigiyle degil, kamu ihale ve sdzlesme rejimiyle de iligkilidir. Yapim islerinde s6zlesme siiresi,
hakedis siiregleri, fiyat farki mekanizmalar1 ve ig programi revizyonlari, 6zellikle girdi fiyatlarinin
hizla degistigi donemlerde kayitli nominal maliyetlerin olusumunu ve ydnetimini etkileyebilen
kurumsal unsurlardir (Ercan, 2017; Kocaman vd., 2020; Resmi Gazete, 2013; Winch, 2010). Bu
nedenle TOKI projelerindeki birim maliyet davranigmin yalnizca iiretilen konut sayisi iizerinden
degerlendirilmesi sinirli kalmakta; proje ve ihale kapsami, teslim siiresiyle iligkili maliyet riskleri,
fiyat diizeyindeki degisimler ve uygulama kosullar1 da birim maliyet bulgularinin yorumlanmasinda
g6z oniinde bulundurulmalidir (Cantarelli vd., 2012).

Kamu yatirnmlarinin biiyiikliigii ve siirekliligi, maliyetlerin izlenmesini ve karsilastirilabilir
gostergelerin gelistirilmesini gerekli kilmaktadir. insaat sektoriinde maliyet olusumu, proje dlgegi ve
orgiitsel kapasite kadar piyasa kosullar1 ve risk yapisiyla da sekillenmekte; maliyet tahmini ile
maliyet risklerinin yonetimi, karar siireglerinin niteligini dogrudan etkileyebilmektedir (Akintoye,
2000; Colak ve Ugur, 2023; Love vd., 2016; Polat, 2005). Tiirkiye’de insaat maliyetlerindeki
degisimin izlenmesinde insaat Maliyet Endeksi temel gostergelerden biridir; bu nedenle kamu eliyle
yiiriitiilen programlarda fiyat hareketlerinin diizenli bigimde takip edilmesi 6nem tasimaktadir
(Tiirkiye Istatistik Kurumu [TUIK], 2024). Bununla birlikte, proje diizeyinde dogrulanmis ihale veya
sozlesme tarihleri bulunmadiginda kayitli nominal proje bedellerinin endeks yardimiyla reel
degerlere doniistiiriilmesi gilivenilir bicimde gerceklestirilememektedir. Bu nedenle nominal birim
maliyet karsilagtirmalarinin yontemsel sinirlar1 agikga belirtilmeli; siralama gostergesinin kapsami
ve yorum sinirlari, gostergenin takvim zamanini veya enflasyonu dogrudan temsil etmedigi
gozetilerek tanimlanmalidir. Bu ¢ergevede, doniisiim projelerindeki maliyet dinamiklerinin yalnizca
toplam biitge ilizerinden degil, konut bagina birim maliyet diizeyinde de izlenmesi, yagsam dongiisii
maliyeti ve mali siirdiiriilebilirlik bakimindan 6nemli bir degerlendirme alan1 sunmaktadir (Flanagan
vd., 1989; Ive ve Gruneberg, 2000).

Konut iiretiminde proje 6l¢egi biiyiidiik¢e standartlasma, tekrarl iiretim ve toplu tedarikten
dogan avantajlarin birim maliyetleri diisiirmesi beklenebilir. Bununla birlikte metropol 6l¢egindeki
kentsel doniisim, 6l¢ek kaynakli verimlilikler ile uygulama karmasikligindan dogan maliyetler
arasinda bir gerilim yaratmaktadir (Flyvbjerg, 2014; Ive ve Gruneberg, 2000; Merrow, 2011).
Istanbul gibi yogun yapilasmis, erisim olanaklar1 sinirli ve uygulama kosullar1 giic olan alanlarda
yikim ve hafriyat siiregleri, santiye lojistigi, malzeme sevkiyati, izin islemleri, hak sahipleriyle
uzlagma, altyap1 deplasmani, etaplandirma ve paydas koordinasyonu gibi unsurlar proje olgegi
biiylidiikge daha karmasik hale gelebilmektedir (Dinger, 2011; Flyvbjerg, 2014; Sénmez, 2019).
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Kentlesme iizerine yapilan caligmalar da hizli mekéansal biiyiimenin ve arazi kullanimindaki
degisimlerin altyap1 sunumu, erigilebilirlik ve kentsel biiylimenin yonetimi lizerinde ek baskilar
olusturabildigini gdstermektedir (Avcu ve Buldur, 2018; Benek ve Sahap, 2016). Bu kosullarda,
standartlasma, tekrarli {iretim ve toplu tedarikten beklenen maliyet avantajlar1, metropol i¢i uygulama
kisitlart ve zamana bagli nominal maliyet baskilari nedeniyle zayiflayabilmektedir. Dolayisiyla daha
biiyiik projelerin zorunlu olarak daha diisiik birim maliyet iiretecegi varsayimmin istanbul’daki kamu
kaynakli doniisiim projeleri iizerinden ampirik olarak sinanmasi 6nem tasimaktadir (Flyvbjerg, 2014;
Ive ve Gruneberg, 2000; Odeck, 2004).

Kentsel doniistime iliskin literatiirde planlama, siyasal ekonomi ve toplumsal etkiler 6ne
cikmaktadir (Balaban, 2012; Harvey, 2012; Sengiil, 2009). Turkish Studies kapsaminda yayimlanan
calismalar da agirlikli olarak déniistimiin toplumsal sonuglari, degisen mahalle yapilari, kentlesme
oOriintiileri, planlama sorunlar1 ve yerel topluluklarla yeniden gelistirme siiregleri arasindaki iliski
tizerinde yogunlagsmistir (Altiparmak ve Tuna Uysal, 2020; Ayik, 2015; Batal ve Dur, 2019; Ece
Kaya ve Erbas, 2024; Kocak, 2014). Buna karsilik proje diizeyindeki maliyet davranisina yonelik
ampirik incelemeler daha smirli kalmaktadir. Thale ve proje kayitlarina dayali mikro diizeydeki
analizler ise maliyet tahmini, risk yonetimi ve birim maliyet analizinin birlikte degerlendirilmesine
olanak vermektedir (Akintoye, 2000; Colak ve Ugur, 2023; Flyvbjerg, 2009; Polat, 2005).

Bu kuramsal ve yontemsel ¢ergeve dogrultusunda arastirmanin ampirik kapsami, Ocak 2026
itibartyla TOKI nin 280 kentsel déniisiim ve gelisim projesinden olusan kamuya acik proje listesinde
yer alan ve dahil edilme olgiitlerini karsilayan Istanbul’daki 39 proje kaydimin tamamindan
olusmaktadir (TOKI, 2025). Dolayistyla proje diizeyindeki veri seti rastlantisal bir drnekleme degil,
veri derleme tarihinde erisilebilen ve dahil edilme &lgiitlerini karsilayan istanbul kayitlarmin tam
sayimina dayanmaktadir. Analizde konut sayisi, kayithh nominal toplam bedel, fiziki ger¢eklesme
orani ve kaynak kayit diziliminden tiiretilen Sira degiskeni kullanilmistir. Sira degiskeni ihale tarihi,
sOzlesme tarihi, takvim yil1 veya resmi proje numarasi niteliginde degildir; yalmzca kaynak kayit
dizilimi boyunca gozlenen nominal maliyet farklilasmasinm1 modele yansitmak amaciyla kullanilan
sinirli bir siralama gostergesidir. Bu kapsamda temel arastirma sorusu, proje Olcegindeki artisin
kayith nominal birim maliyeti istatistiksel olarak anlaml bigimde diisiirlip diisiirmedigidir. Caligma,
Istanbul’daki kamu kaynakli déniisiim projelerinde 6lgek ekonomisi beklentisinin gegerliligini proje
kapsamindaki heterojenlik, kaynak kayit siralamasi ve metropol i¢i uygulama karmasiklig
baglaminda incelemekte; kentsel doniisiim literatiiriine kamu harcamalar1 ve maliyet davranist
acisindan proje diizeyinde tamamlayici bir katki sunmay1 amaglamaktadir.

Arastirma Deseni

Arastirma, TOKi’nin kamuya acik proje kayitlarindan derlenen proje diizeyindeki ikincil
verilere dayanan nicel, kesitsel, gdzlemsel ve iligkisel bir tasarima sahiptir. Bu arastirmada, kamu
eliyle yiiriitiilen kentsel doniisiim ve gelisim projelerinde proje dlgegi ile kayitlh nominal birim
maliyet arasindaki iliskinin sinanmasi ve gozlenen maliyet farkliliklarinin fiziki gerceklesme diizeyi,
proje kapsamindaki heterojenlik ve kaynak kayit dizilimiyle birlikte degerlendirilmesi
amaglanmistir. Bu tasarim, nedensel bir etki tahmininden ziyade incelenen proje portfoyiindeki
degiskenler arasindaki istatistiksel iligkilerin belirlenmesine yoneliktir. Proje 6lcegi, maliyet
davranisi ve uygulama kosullarin birlikte ele alan bu yaklasim, maliyet tahmini, maliyet yonetimi
ve yasam dongiisii maliyeti literatiiriiyle iliskilendirilmistir (Akintoye, 2000; Flanagan vd., 1989; Ive
ve Gruneberg, 2000; Polat, 2005).

Cerceve Evren ve Analiz Kapsami

Arastirmanin veri kaynagi, TOKI’nin kamuya agik “Proje Tipine Gére Uygulamalar”
bashkli internet sayfasidir (https:/www.toki.gov.tr/proje-tipine-gore-uygulamalar) (TOKI, 2025).
Veri seti, Ocak 2026 itibariyla bu sayfada erisilebilir durumda olan kayitlardan derlenmistir. Bir
projenin analize dahil edilmesi i¢in kentsel doniisiim ve gelisim kapsaminda listelenmesi, proje adi
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veya il bilgisinde “Istanbul” ifadesinin yer almasi ve konut sayisi, kayith toplam bedel ile fiziki
gergeklesme orani alanlarinin eksiksiz olmasi Olgiitleri aranmistir. Veri kaynaginin, erigim
doneminin ve dahil edilme 6Slgiitlerinin agikca belirtilmesi, veri derleme siirecinin seffafligini ve
izlenebilirligini giiclendirmektedir.

Arastirmanin cerceve evreni, TOKi'nin "Proje Tipine Gére Uygulamalar" kayitlarinda
kentsel doniisiim ve gelisim kapsaminda listelenen 280 proje kaydindan olusmaktadir. Analiz birimi
projedir; kaynak listesinde Istanbul ile iliskilendirilen ve dahil edilme dlg¢iitlerini karsilayan 39 proje
kaydinin tamami analize almmustir (TOKI, 2025).

Bu nedenle s6z konusu 39 proje, rastlantisal bicimde secilmis bir 6rneklem degil, veri
derleme tarihinde kaynak listede bulunan ve dahil edilme &lgiitlerini karsilayan istanbul kayitlarmin
tam sayimidir. Bu kayitlar, toplam 17.231 konutu ve 9.956.951.349 TL kayitli nominal toplam bedeli
temsil etmektedir. Istanbul’a odaklanilmasi, yogun yapilasma, parcali miilkiyet yapisi, yikim ve
tahliye siirecleri, erisim ve lojistik kisitlar ile ¢ok aktorlii idari siireglerin maliyet davranisiyla
iligkisini belirli bir metropol baglaminda inceleme amacina dayanmaktadir.

Aragtirma iller aras1 bir karsilastirma amaci tasimadigindan Ankara, izmir ve Bursa gibi
diger biiytiksehirler analize dahil edilmemistir. Cok kentli bir kargilastirma, dogrulanmig ihale ve
sOzlesme tarihleri, il diizeyindeki fiyat farkliliklari, proje kapsami, toplam insaat alan1 ve mekansal
karmagiklik gostergeleri bakimindan uyumlastirilmis ayr1 bir veri yapisin1 gerektirmektedir. Bu
nedenle elde edilen bulgular yalnizca Istanbul alt evreni baglaminda yorumlanmustir.

Veri seti tam sayim niteliginde olmakla birlikte, istatistiksel modeller daha genis bir cografi
evrene drneklem temelli genelleme yapmak icin degil, gozlenen Istanbul portfoyiindeki kosullu
iligkileri ve model belirsizligini degerlendirmek amaciyla kullanilmustir.

Veri Yapisi
Her proje icin asagidaki degiskenler kullanilmistir:

e Konut sayis1

e Kayitli nominal toplam bedel (TL)
e Fiziki ger¢eklesme orani

e Kaynak kayit siras1 (Sira)

Toplam bedel degiskeninin tiim projelerde baslangic ihale bedelini mi, revize sozlesme
bedelini mi yoksa giincellenmis kayit degerini mi temsil ettigi ayri ayri dogrulanamamistir. Bu
nedenle soz konusu degisken “kayitli nominal toplam bedel” olarak adlandirilmis ve analizde
kullamlan parasal degerler reel (enflasyondan armdirilmis) maliyetler olarak degil, TOKI
kayitlarinda yer alan nominal biiytikliikler olarak degerlendirilmistir.

Degiskenler ve Operasyonellestirme

Bagiml degisken, kayitlh nominal toplam bedelin konut sayisina boliinmesiyle hesaplanan
birim maliyettir:

Birim maliyet = Kayitli nominal toplam bedel / Konut sayis1

Bu gosterge, projeler arasinda TL/konut cinsinden ortak bir 6lgiit olusturmak amaciyla
kullanilmistir. Bununla birlikte hesaplanan deger, yalmizca konut yapim maliyetini temsil
etmemekte; proje kapsamindaki konut dis1 bilesenleri de igerebilen kayitli nominal toplam bedelin
konut sayisina oranlanmasiyla elde edilen karsilagtirmali bir maliyet gostergesi niteligi tasimaktadir.

Temel bagimsiz degisken olan proje dlgegi, projedeki konut sayisiyla 6l¢iilmiis ve regresyon
modellerinde In(Konut Sayis1) bigiminde kullanilmistir.
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Modelde kullamlan Sira degiskeni, ulusal kaynak listesinde Istanbul projelerinin goreli
dizilimi korunarak olusturulmus ve Istanbul alt evreni icinde 1°den 39’a kadar ardisik olarak yeniden
indekslenmistir. Bu yeniden indeksleme goreli siralamay1 korumakta, ancak ulusal listedeki 6zgiin
sira degerleri arasindaki araliklart modele tasimamaktadir. Sira degiskeni ihale tarihi, s6zlesme tarihi,
takvim yil1, proje siiresi veya TOKI’nin resmi proje numarasi degildir. Bu nedenle takvim zamanini
ya da enflasyonu temsil eden bir donem kontrolii olarak degil, kaynak kayit dizilimi boyunca
gbzlenen nominal maliyet farklilasmasini incelemeye yonelik sinirli bir siralama gostergesi olarak
kullanilmistir. Sira katsayisi, yillik maliyet artis1 biciminde yorumlanmamustir.

Proje diizeyinde dogrulanmis ihale veya sozlesme yili bilgisi bulunmadigindan, Sira
degiskeninin bu zaman degiskenleri ya da Insaat Maliyet Endeksiyle iliskisi giivenilir bigimde
sinanamamis; verilerle desteklenmeyen bir zaman eslestirmesi yapilmamustir.

Fiziki gergeklesme orani, projelerin uygulama diizeyini betimleyen tamamlayict bir
degiskendir. Bu degisken dogrudan gecikme veya maliyet eskalasyonu Oolgiitii olarak ele
almmamistir. Tanimlayic1 ve karsilagtirmali analizler i¢in projeler fiziki gergeklesme orani %100
olan, %75—%99 arasinda olan ve %75’in altinda olan projeler seklinde ii¢ gruba ayrilmis; birim
maliyet dagilimlarmin gruplar arasinda farklhilasip farklilasmadigi Kruskal-Wallis testiyle
degerlendirilmistir.

Veri Temizleme ve On isleme

Toplam bedel degiskeni metinsel para bigiminden sayisal bi¢cime doniistiiriiliirken “TL”
ibaresi ve bosluklar silinmis, binlik ayiric1 noktalar kaldirilmig, ondalik ayirict virgiiller noktaya
doniistiiriilmiis ve elde edilen deger sayisal bicime ¢evrilmistir. Ornegin, “24.862.000,00 TL”
bigimindeki bir kayit yazilimin okuyabilecegi ‘“24862000.00” bigimine doniistiirilmiistiir. Birim
maliyet ardindan kayitli nominal toplam bedelin konut sayisina boliinmesiyle hesaplanmistir.

Birim maliyet dagilimindaki saga carpikligi azaltmak ve oOlgek katsayisinin esneklik
biciminde yorumlanmasina olanak saglamak amaciyla birim maliyet ve konut sayist degiskenlerine
dogal logaritma doniisiimii uygulanmistir. Regresyon modellerinde kullanilan doniisiimler sunlardir:

e In(Birim Maliyet)
e In(Konut Sayisi)
Fiziki ger¢eklesme orani kaynak kayitlarinda 0-1 araliginda yer aldigindan, grup

siniflandirmalarinda yiizde karsiligi kullanilmig; 6rnegin 1,00 degeri %100, 0,80 degeri ise %80
fiziki gerceklesme olarak degerlendirilmistir.

Istatistiksel Analiz ve Model Spesifikasyonu

Analizler IBM SPSS Statistics yaziliminda yiiriitiilmiistiir. Tanimlayici analizlerde ortalama,
standart sapma, medyan, birinci ve liglincli ¢eyrek degerleri, minimum ve maksimum degerler
hesaplanmis; fiziki gerceklesme gruplar1 arasindaki birim maliyet dagilimlari, dagilimin garpikligi
ve gruplardaki gozlem sayilarinin dengesizligi dikkate alinarak parametrik olmayan Kruskal-Wallis
testiyle karsilagtirilmistir.

Proje oOlcegi ile birim maliyet arasindaki iliskiyi log-log bigiminde kuran iki temel OLS
modeli tahmin edilmistir.

Model 1: Yalnizca 6lgek degiskeni

In(Birim Maliyet) = o + B: In(Konut Sayisi) + €

Model 2: Olgek ve Sira degiskenleri

In(Birim Maliyet) = o + 1 In(Konut Sayis1) + B2 Sira + €
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Burada a sabit terimi, 1 proje dlgegi katsayisini, B2 Sira degiskeninin katsayisini ve € hata
terimini gostermektedir.

Model 1, proje dlcegi ile birim maliyet arasindaki iki degiskenli iligkiyi; Model 2 ise Sira
degiskeni modele eklendiginde proje Olcegi katsayisinin yoniinii ve istatistiksel anlamliligini
incelemektedir. Sira degiskeni maliyetleri reel hale getirmemekte ve enflasyon etkisini
ayrigtirmamaktadir.

Log-log spesifikasyonda B katsayisi, konut sayisindaki %1°lik degisimle iliskili olarak birim
maliyette meydana gelen yaklasik yilizdesel degisimi ifade etmektedir (Wooldridge, 2020). Negatif
ve istatistiksel olarak anlamli bir B: katsayis1 6lgek ekonomisi beklentisiyle uyumlu kabul edilirken,
katsayinin anlamsiz olmasi incelenen Istanbul portfdyiinde 6lgek ekonomisi yoniinde yeterli
istatistiksel kanit bulunmadig1 bi¢ciminde degerlendirilmistir (Ive ve Gruneberg, 2000). Bulgular
nedensel etkiler olarak degil, proje portfoyli icindeki kosullu istatistiksel iliskiler olarak
yorumlanmustir (Wooldridge, 2020).

Regresyon tanilar1 kapsaminda c¢oklu dogrusal baglanti VIF degerleriyle, sabit varyans
varsayimi Breusch—Pagan ve White testleriyle, artiklarin normal dagilima uygunlugu Shapiro—Wilk
ve Jarque—Bera testleriyle degerlendirilmistir (Breusch ve Pagan, 1979; Jarque ve Bera, 1980;
Shapiro ve Wilk, 1965; White, 1980). Etkili ve aykir1 gdzlemlerin taranmasinda Cook uzaklig1 ve
standartlastirilmis artiklar kullanilmis; Cook uzakligi i¢in 4/n, standartlastirilmig artiklar icin ise
|standartlastirilmig artik| > 3 tarama 6lgiitii esas alinmistir (Cook, 1977).

Olgek etkisinin dogrusal olmayan bir bicimde ortaya ¢ikma olasilig1, [In(Konut Sayisi)]2
teriminin modele eklenmesiyle sinanmistir (Wooldridge, 2020). Ayrica Sira ile kayitli nominal birim
maliyet arasindaki iligkinin dogrusal bigimde modellenmesinin yeterli olup olmadigin
degerlendirmek amaciyla Sira? terimini igeren tamamlayici bir model kurulmustur (Wooldridge,
2020). Ttm istatistiksel testlerde iki yonlii anlamlilik diizeyi 0,05 olarak kabul edilmistir.

Dayamikhilik ve Duyarhlik Analizleri

Ana bulgunun belirli gézlemlere veya tek bir fonksiyonel bigime bagli olup olmadigini
degerlendirmek amaciyla birbirini tamamlayan duyarlilik kontrolleri yiiriitiilmiistiir. Fiziki
gerceklesme oran1 %10’un altinda olan ii¢ proje diglanarak Model 2 yeniden tahmin edilmistir.
Ayrica Cook uzaklig1 taramasinda esik degerini asan iki gézlem dislanarak model tekrar kurulmus
ve temel katsayilarin bu gdzlemlere duyarliligi incelenmistir. Olgek etkisinin dogrusal olmayan
bicimde ortaya ¢ikip ¢ikmadigi [In(Konut Sayis1)]? terimiyle degerlendirilmistir. Kaynak kayit sirast
ile nominal birim maliyet arasindaki iligkinin dogrusal olmayabilecegi olasiligi da Sira? terimini
igeren alternatif modelle sinanmustir.

Bu kontroller, temel 0l¢ek katsayisinin diisiik fiziki gergeklesmeye sahip projelere,
potansiyel etkili gozlemlere ve modelin fonksiyonel bi¢imine ne OSl¢lide duyarli oldugunun
degerlendirilmesini saglamigtir.

Simirhhiklar

Maliyet degiskenlerinin nominal TL cinsinden ifade edilmesi, aragtirmanin baglica
yontemsel sinirliliklarindan biridir. Tiim projeler i¢in dogrulanmig ihale veya sdzlesme tarihleri
bulunmadigindan maliyetlerin TUIK Insaat Maliyet Endeksi kullanilarak proje bazinda reel hale
getirilmesi miimkiin olmamistir (TUIK, 2024). Bu nedenle bulgular, enflasyondan arindirilmis
maliyet tahminleri olarak degil, kayitli nominal bedellere dayali proje diizeyindeki karsilagtirmalar
olarak yorumlanmustir.

Proje kapsamindaki heterojenlik de birim maliyet karsilagtirmalarini etkileyebilecek 6nemli
bir sinirliliktir. Bazi projelerde konut birimlerine ek olarak diikkan, ticari alan, sosyal donati, altyapi,
cevre diizenlemesi veya diger uygulama bilesenleri bulunabilmektedir. Bu bilesenlerin tiim projeler
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icin standart bigimde ayristirillamamasi nedeniyle, birim maliyet farkliliklarinin bir boliimii 6l¢ekten
ziyade proje kapsamindaki farkliliklardan kaynaklanmis olabilir.

Fiziki gerceklesme orani projelerin uygulama diizeyini betimlemekle birlikte, kayitl toplam
bedelin baslangic ihale bedelini, revize sdzlesme bedelini veya gilincellenmis kayit degerini temsil
edip etmedigi tiim projeler i¢in dogrulanamamistir. Dolayisiyla fiziki gerceklesme orani ile birim
maliyet arasindaki iliski, maliyet eskalasyonu ya da gecikmenin dogrudan gdstergesi olarak
yorumlanmamistir.

Aragtirmanin Istanbul alt evreniyle siirlandirilmasi, elde edilen bulgularin cografi
genellenebilirligini de simrlamaktadir. Istanbul’'un yogun yapilasma, pargali miilkiyet, yikim,
tahliye, erisim, lojistik ve idari koordinasyon kosullar1 diger kentlerden farklilagabildiginden,
sonuglarin Ankara, Izmir, Bursa veya Tiirkiye geneline dogrudan aktarilmasi ihtiyat
gerektirmektedir. Gelecekte yapilacak aragtirmalarda, dogrulanmig ihale ve soézlesme tarihleri,
toplam insaat alani, proje kapsam bilesenleri, konum gostergeleri, yikim yogunlugu ve uzlagsma
stireclerine iliskin degiskenleri igeren cok kentli veri setleriyle dlgek etkisinin yeniden sinanmasi
daha kapsamli karsilagtirmalara olanak saglayacaktir.

Bulgular
Istanbul Proje Portfoyiiniin Genel Goriiniimii ve Temel Biiyiikliikler

Ocak 2026 itibariyla incelenen Istanbul proje portfoyii, 39 TOKI kentsel doniisiim ve gelisim
projesinden olusmakta; toplam 17.231 konutu ve 9.956.951.349 TL kayitli nominal toplam bedeli
kapsamaktadir.

Proje diizeyinde hesaplanan birim maliyetlerin aritmetik ortalamasi 598.054,31 TL/konut
iken medyan deger 233.778 TL/konut diizeyindedir. Ortalamanin medyandan belirgin bigimde
yiiksek olmasi ve birim maliyetlerin 23.384 TL/konut ile 2.868.182 TL/konut arasinda degismesi,
dagilimin saga carpik bir yapiyla uyumlu oldugunu ve iist uctaki bazi projelerin ortalamay1
yiikselttigini gostermektedir (Tablo 1). Bu dagilim yapisi, portfdyiin merkezi egiliminin yalnizca
ortalama {izerinden degerlendirilmesinin sinirl kalabilecegine; medyan ve dagilim 6lgiilerinin de
birlikte dikkate alinmasi gerektigine igaret etmektedir.

Tablo 1. istanbul Proje Portfoyiine liskin Tamimlayici Istatistikler, n=39
Standart
Sapma
Kayitli nominal toplam bedel, TL |39 |7.120.000,00| 1.718.999.000,00 |255.306.444,85|403.109.271,18

Degisken N | Minimum Maksimum Ortalama

Konut sayis1 39170 1.152 441,82 268,179

Birim maliyet, TL/konut 39(23.384 2.868.182 598.054,31 829.093,061

Birim maliyet ortalamasi, her proje i¢in ayr1 ayr1 hesaplanan TL/konut degerlerinin aritmetik
ortalamasidir; kayitlh nominal toplam bedelin toplam konut sayisina boliinmesiyle elde edilen
agirlikli portfoy ortalamasimi ifade etmemektedir. Tablo 1’de goriilen genis minimum—maksimum
araliklar1 ve yiiksek standart sapmalar, 6zellikle kayitli nominal toplam bedel ile birim maliyet
bakimindan portfoy ici heterojenligin belirgin oldugunu dogrulamakta ve dagilimin alt ve iist
uclarinda yer alan projelerin ayrica incelenmesini gerekli kilmaktadir.

Birim Maliyet Dagihminin Alt ve Ust Uclan

Genel dagilima iliskin bulgularin ardindan, proje portfoyiiniin alt ve iist uglarinda yer alan
kayitlar ayrica incelenmistir. En diisiik birim maliyetli bes proje 23.384—-58.231 TL/konut aralifinda
yer almakta; bu grupta Kiiciikcekmece-Halkali etaplari, Tuzla-Aydinli ve Ikitelli-Ayazma projeleri
bulunmaktadir (Tablo 2). En yiliksek birim maliyetli bes proje ise 1.820.896-2.868.182 TL/konut
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araliginda siralanmakta; bu grupta Fatih-Yedikule, Zeytinburnu-Merkezefendi, Gaziosmanpasa-
Yildiztabya, Esenler Giiney Proje Alan1 ve Maltepe-Atisokulu projeleri yer almaktadir (Tablo 3).

Tablo 2 ve Tablo 3’te sunulan projeler, dagilimin alt ve iist uclarini betimlemek amaciyla
secilmis olup yalnizca bu konumlart nedeniyle istatistiksel aykir1 goézlem olarak
degerlendirilmemistir. Etkili veya aykir1 gdzlem niteligi, ilerleyen bolimde Cook uzakligi ve
standartlastirilmig artik degerler kullanilarak ayrica incelenmistir. Tablo 2°de 1 en diisiik, Tablo 3’te
ise 1 en yiiksek birim maliyetli projeyi gostermektedir. “Maliyet sirasi” siitunu, regresyon
modellerinde kullanilan Sira degiskeninden farklidir (Tablo 2 ve Tablo 3).

Tablolarda yer alan proje adlari, bazi proje paketlerinin sosyal donati ve ticari birimler gibi
konut dis1 bilesenler de icerdigini gostermektedir. Bununla birlikte mevcut kayitlar, bu bilesenlerin
toplam bedel icindeki paymnin biitiin projeler icin standart bigimde ayristirilmasina veya nominal
bedellerin dogrulanmis ihale ve sozlesme tarihleriyle eslestirilmesine imkan vermemektedir. Bu
nedenle alt ve iist u¢lardaki maliyet farkliliklar1 bu asamada proje konumu, fiziki gerceklesme diizeyi
veya uygulama karmagikliginin dogrudan sonucu olarak yorumlanmamis; portfdy igindeki
betimleyici maliyet farklilasmasi olarak ele alinmistir.

Tablo 2. Birim Maliyet Dagilimimin Alt Ucundaki Bes Proje

Maliyet sirasi BZ,?E;; :K)et Proje adn
1 23.384 Istanbul Kiigiikgekmece Halkal1 (182/1) 3. Kisim
2 27.261 Istanbul Kiigiikgekmece Halkal1 (182/1) 1. Kisim
3 28.061 Istanbul Kiiciikgekmece Halkali (182/1) 2. Kisim + sosyal donati
4 37.298 Istanbul Tuzla Aydimli 2. Bolge 984 konut, gecekondu doniisiim
5 58.231 Istanbul Kiigiikgekmece Ikitelli Ayazma
Tablo 3. Birim Maliyet Dagilimmin Ust Ucundaki Bes Proje
Maliyet Birim Konut Kayith nominal [Fiziki Proje adx
sirasi maliyet sayist ([toplam bedel |gerceklesme
(TL/konut) (TL) (%)
1 2.868.182 176 504.800.000 2 Fatih, Yedikule (Atilgan Sitesi) Kentsel
Doniisiim Projesi
2 2.729.339 484 1.321.000.000 80 Zeytinburnu, Merkezefendi Kentsel
Doniisiim Projesi (+40 diikkan)
3 2.584.961 663 1.718.999.000 84 Gaziosmanpasa, Yildiztabya 6B Bolgesi
Kentsel Doniistim ve Geligim
4 1.885.667 315 593.985.000 88 Esenler Giiney Proje Alan1 KDG, 3. Etap
2. Bolge (+4 diikkén)
5 1.820.896 603 1.098.000.000 90 Maltepe, Atisokulu Mahallesi 4. Etap

Fiziki Ger¢eklesme Diizeyine Gore Maliyet Farklhilagsmasi

Fiziki ger¢eklesme gruplarina iliskin tanimlayici bulgular, kayitli nominal birim maliyetlerin
uygulama diizeylerine gore farklilastigini gostermektedir. Tamamlanan projelerde (%100; n=16)
medyan birim maliyet 107.713,50 TL/konut diizeyindeyken, %75—%99 gerceklesme bandindaki
projelerde (n=19) bu deger 351.631,00 TL/konuta yiikselmektedir. Fiziki ger¢eklesme orani %75’in
altinda olan projelerde ise medyan birim maliyet 274.824,50 TL/konut olarak hesaplanmustir.
Bununla birlikte bu son gruptaki gozlem sayisinin sinirli olmasi (n=4) ve birim maliyetlerin 65.194
TL/konut ile 2.868.182 TL/konut arasinda degismesi, grup i¢i dagilimin oldukca genis oldugunu
gostermektedir (Tablo 4).

Turkish Studies — Economics, Finance, Politics 21(O1)



Are There Economies of Scale in Publicly Funded Urban Renewal?... 1139

Fiziki gerceklesme gruplari arasindaki farklilik Kruskal-Wallis testiyle degerlendirilmis ve
birim maliyet dagilimlarinin gruplar arasinda istatistiksel olarak anlamli bi¢cimde farklilagtig
belirlenmistir (H(2)=10,703; p=0,0047). Bu sonug, incelenen ii¢ gruptan en az birinin birim maliyet
dagiliminin digerlerinden farkli olduguna isaret etmektedir. Bununla birlikte ikili gruplar arasinda
ayrica bir post-hoc karsilastirma yapilmadigindan, hangi grup ciftleri arasindaki farkin istatistiksel
olarak anlamli oldugu ileri siiriilmemektedir. Tabloda goriilen medyan farkliliklar bu nedenle grup
diizeyindeki tanimlayici oriintiiler olarak degerlendirilmistir.

Gozlenen farkliliklar, fiziki gerceklesme diizeyinin birim maliyet {izerinde nedensel bir etkisi
bulundugu seklinde yorumlanmamuistir. Projelerin dogrulanmis ihale ve sdzlesme tarihlerinin tiim
gozlemler icin mevcut olmamasi, kayitli toplam bedelin baslangi¢ ihale bedelini mi, revize sézlesme
bedelini mi yoksa giincellenmis bir kayit degerini mi temsil ettiginin standart bicimde
belirlenememesi ve proje kapsamindaki farkliliklar, gruplar arasindaki maliyet ayrismasina katkida
bulunabilir. Bu nedenle sonuglar, diisiik fiziki ger¢ceklesmenin daha yiiksek maliyete yol agtiginin
kanit1 olarak degil, uygulama diizeyleri farkli proje gruplar1 arasinda kayitli nominal maliyet
dagilimlarinin ayrigtigini gosteren bir bulgu olarak ele alinmustir.

Tablo 4. Fiziki ger¢ceklesme bandina gdre birim maliyet dzeti, n=39

Gerceklesme bandi n Ortalama Medyan Q1-Q3 (TL/konut) (Min—Maks (TL/konut)
(TL/konut) | (TL/konut)
%100, tamamlanan 16 | 134.748,63 107.713,50 49.684 —237.590 23.384 —326.958
%75-%99, 19| 930.795,53 351.631,00 | 223.334—1.732.046 | 34.638 —2.729.339
tamamlanmaya yakin
<%75, devam eden/diisik| 4 | 870.756,25 274.824,50 | 102.448 —1.043.132 | 65.194 —2.868.182
gergeklesme

Olcek Ekonomisi Hipotezinin Regresyonla Simnanmasi

Tanmmlayic1 bulgular, Istanbul proje portfoyiinde kayitl nominal birim maliyetlerin genis bir
dagilim sergiledigini ortaya koymaktadir. Proje Ol¢eginin birim maliyetle iligkisini dogrudan
degerlendirmek amaciyla, bagimli degiskenin In(Birim Maliyet), temel bagimsiz degiskenin ise
In(Konut Sayis1) oldugu iki OLS regresyon modeli tahmin edilmistir. Model 1 yalnizca proje 6lgegini
icerirken, Model 2’ye yontemde tanimlanan Sira degiskeni eklenmistir.

Model 1: Yalmizca Olcek Degiskeni

Model 1°de In(Konut Sayis1) katsayis1 negatif isaretli olmakla birlikte istatistiksel olarak
anlamli degildir (B=-0,193; t=—0,553; p=0,583). Modelin agiklama oranmi oldukg¢a diisiiktiir
(R>=0,008; Diizeltilmis R>=—0,019) ve model biitiin olarak da istatistiksel anlamliliga
ulagsmamaktadir (F(1,37)=0,306; p=0,583). Bu bulgu, proje 6l¢eginin tek basina In(Birim Maliyet)
degiskenindeki farklilagmay1 istatistiksel olarak anlamli bi¢cimde agiklamadigimi ve go6zlenen
Istanbul portfdyiinde daha fazla konut igeren projelerin sistematik olarak daha diisiik birim
maliyetlerle iligkilendirilemedigini géstermektedir (Tablo 5).

Tablo 5. Model 1 OLS regresyon sonugclari: Bagimli degisken = In(Birim Maliyet), n=39

Degisken B Standart hata t P
Sabit 13,501 2,064 6,542 <0,001
In(Konut Sayis1) |—0,193 0,348 -0,553 0,583

Model 2: Olgek ve Sira Degiskenleri

Sira degiskeninin modele eklenmesiyle agiklama giicii belirgin bi¢cimde ytikselmis ve Model
2 biitiin olarak istatistiksel agidan anlamli bulunmustur (R = 0,796; diizeltilmis R? = 0,784; F(2, 36)
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= 70,160; p < 0,001). Buna karsin, proje 6l¢egini temsil eden In(Konut Sayisi) katsayist negatif
isaretini korumakla birlikte istatistiksel olarak anlaml degildir (B =—0,119; t =—0,741; p = 0,463).
Katsayiya iliskin %95 giliven araliginin sifir1 icermesi de bu sonucu desteklemektedir (%95 GA:
—0,444-0,206).

Sira degiskeninin katsayist ise pozitif ve istatistiksel olarak anlamhidir (B=0,111;t=11,784;
p <0,001; %95 GA: 0,092-0,130). Bu bulgu, kaynak kayit dizilimindeki ilerleme ile kayitli nominal
birim maliyet arasinda pozitif bir iliski bulundugunu gostermektedir. Bununla birlikte Sira degiskeni
ihale tarihi, s6zlesme tarihi veya takvim yil1 niteligi tasimadigindan, ilgili katsay1 yillik maliyet artisi,
enflasyon etkisi ya da dogrusal bir donem egilimi olarak yorumlanmamstir. Katsay1 yalnizca, diger
degisken sabitken kaynak kayit sirast boyunca gdzlenen nominal maliyet farklilagmasini ifade
etmektedir. Tablo 6’da B standartlastirilmamis regresyon katsayisini, § standartlastirilmis regresyon
katsayisini, GA ise giiven araligini ifade etmektedir. Sabit terim i¢in standartlastirilmig B katsayisi
tanimli olmadigindan ilgili hiicre “—” ile gosterilmistir (Tablo 6).

Tablo 6. Model 2 OLS regresyon sonuglart: Bagimli degisken = In(Birim Maliyet), n=39

Depisken B St;‘;ﬂ:rt B t p | %95 GA alt [%95 GA iist
Sabit 10,841 | 0,976 — |1 [ <0001 | 8862 12,820
In(Konut Sayist)y | 0,119 | 0,160 | -0,056 | 0,741 | 0,463 | —0.444 0,206
Sira 0111 | 0009 | 0888 | 11,784 | <0,001 | 0,092 0,130

Her iki modelde de In(Konut Sayisi) katsayisinin istatistiksel olarak anlamli bulunmamasi,
gdzlenen Istanbul portfdyiinde proje dlgeginin artmasiyla kayitl nominal birim maliyetin sistematik
bicimde azaldigina iliskin yeterli kanit bulunmadigini gostermektedir. Bununla birlikte Model 2’de
Sira degiskeninin nominal birim maliyetle giiglii ve istatistiksel olarak anlamli bir iligki gostermesi
ve modelin yliksek agiklama giicii, bu iliskinin dogrusal fonksiyonel bi¢iminin yeterliliginin,
regresyon varsayimlarinin ve etkili gézlemlerin ayrica incelenmesini gerekli kilmaktadir.

Regresyon Tani Testleri ve Tamamlayict Model Kontrolleri

Model 2’nin temel varsayimlarini ve fonksiyonel bi¢imini degerlendirmek amaciyla ¢oklu
dogrusal baglanti, sabit varyans, artiklarin normal dagilima uygunlugu, potansiyel etkili gdzlemler
ve dogrusal olmayan iligkiler incelenmistir. Tan1 sonuclari, bagimsiz degiskenler arasinda ¢oklu
dogrusal baglant1 bulunmadigini1 ve sabit varyans varsayiminin reddedilmedigini gostermektedir.
Artiklarin normal dagilimina iligkin testler ayn1 yonde sonu¢ vermediginden, katsayilara iligkin
cikarimlar veri setinin sinirli bliylikliigii de dikkate alinarak ihtiyatla degerlendirilmistir.

Cook uzakligina dayali taramada iki gézlem 4/n esik degerini agmis, ancak hi¢bir gézlemin
standartlastirilmig artigi mutlak deger olarak 3 smirina ulasmamaistir. Burada kullanilan 4/n 6lgiitii,
gozlemlerin analizden otomatik olarak ¢gikarilmasini gerektiren kesin bir sinir degil, potansiyel etkili
gbzlemlerin belirlenmesine yonelik bir tarama 6l¢iitiidiir. Bu nedenle s6z konusu iki kayit potansiyel
etkili gozlemler olarak degerlendirilmis, ancak asir1 artik degerine sahip gozlemler olarak
siniflandirilmamastir.

Fonksiyonel big¢im kontrollerinde In(Konut Sayisi) degiskeninin kareli terimi anlamli
bulunmazken, Sira degiskeninin kareli teriminin anlamli olmasi, kaynak kayit dizilimi ile nominal
birim maliyet arasindaki iligkinin biitiiniiyle dogrusal olmayabilecegine isaret etmektedir. Bununla
birlikte Sira degiskeni takvim zamanini temsil etmediginden, Sira? teriminin anlamlilig1 zamana baglh
maliyet artisinin hizlandig1 bigiminde yorumlanmamistir. Regresyon tanilar1 ve tamamlayict model
kontrolleri Tablo 7’de sunulmustur.
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Tablo 7. Regresyon tani testleri ve tamamlayict model kontrolleri

Kontrol Sonug¢ Degerlendirme
VIF: In(Konut Sayis1) 1,002 Coklu dogrusal baglant1 sorunu belirlenmemistir.
VIF: Sira 1,002 Coklu dogrusal baglanti sorunu belirlenmemistir.

Breusch—Pagan testi

LM=0,026; p=0,987

Sabit varyans varsayimi reddedilmemistir.

White testi LM=8,504; p=0,131 Degisen varyansa iliskin istatistiksel kanit
bulunmamastir.
Shapiro-Wilk testi W=0,930; p=0,017 Artiklarin nqrmal dagilimi bakimindan ihtiyat
gerekmektedir.
- o -
Jarque—Bera testi JB=4,862; p=0,088 Norma.I dag'lhlm %5 anlamlilik  diizeyinde
reddedilmemistir.
Cc.)?}( uzaklig1 tarama 4/39=0.103 Eﬂflll . gozlem taramasinda kullanilan esik
esigi degerdir.
. Cook D=0,123; e . S .
Proje ID 11 standartlastirilmis artik=1,249 Cook esigini asan potansiyel etkili gozlemdir.
Proje ID 18 Cook D=0,127; Cook esigini asan potansiyel etkili gézlemdir.

standartlagtirilmis artitk=—2,418

Standarflastlrllmls artik lartik[>3 olan gbzlem yoktur ASI'I”I argk ' degerine sahip gozlem

kontrolii belirlenmemistir.

[In(Konut Sayis1)J? p=0,522 Dogrusal olmayan oOlcek etkisine iliskin kanit
bulunmamustir.

Sira? p=0,011 Sira ile nominal birim maliyet arasindaki iliski

biitiiniiyle dogrusal olmayabilir.

Diisiik Fiziki Gerceklesmeli Projeler Dislandiginda Dayamkhlik Analizi

Fiziki ger¢eklesme oran1 %10’un altinda olan ii¢ proje kaydinin temel regresyon sonuglari
izerindeki olasi etkisini degerlendirmek amaciyla Model 2, bu gozlemler diglanarak yeniden tahmin
edilmistir. Bu igslem sonrasinda alt 6rneklem 36 projeden olugsmustur. S6z konusu analiz, fiziki
gergeklesme diizeyi ile birim maliyet arasinda nedensel bir iliski kurmayi degil, ¢ok diisiik uygulama
diizeyine sahip gozlemlerin Olcek ve Swra katsayilar1 iizerindeki duyarliligini incelemeyi
amaclamaktadir.

Alt 6rneklemde model biitlin olarak istatistiksel agidan anlamlidir ve yiiksek agiklama
oranini korumaktadir (R?=0,816; Diizeltilmis R?>=0,805; F(2,33)=73,230; p<0,001). Proje olgegini
temsil eden In(Konut Sayis1) katsayis1 negatif isaretli olmakla birlikte istatistiksel olarak anlamli
degildir (B=—0,194; t=—1,246; p=0,222). Sira degiskeninin katsayis1 ise pozitif ve istatistiksel olarak
anlamlidir (B=0,111; t=12,056; p<0,001) (Tablo 8).

Ana model ile alt drneklem sonuglart karsilastirildiginda, In(Konut Sayisi) katsayisinin
negatif yoniinii korudugu ve her iki modelde de istatistiksel anlamliliga ulasmadig1 goriilmektedir.
Bu bulgu, proje dlgegine iliskin anlamli bir katsay1 elde edilememesinin yalnizca fiziki gerceklesme
orani ¢ok diisiik olan {i¢ proje kaydindan kaynaklanmadigina isaret etmektedir. Sira degiskeni de alt
orneklemde kayitli nominal birim maliyetle pozitif iliskisini siirdiirmekle birlikte, degiskenin niteligi
geregi bu iliski takvim zamani, yillik maliyet artist veya dogrudan enflasyon etkisi olarak
yorumlanmamustir.
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Tablo 8. Model 2 Duyarlilik Analizi Sonuclari (n = 36)

Degisken B St;‘;ﬂ:rt Beta t p | %95 GA alt | %95 GA iist
Sabit 11,353 0,944 — 12,027 | <0,001 9,433 13,274
In(Konut Sayis1) [—0,194 0,155 —0,093 —1,246 0,222 —0,510 0,123
Sira 0,111 0,009 0,900 12,056 | <0,001 0,092 0,129

Etkili G6zlemler Dislandiginda Ek Duyarhhik Kontrolii

Cook uzaklig1 taramasinda esik degeri asan Proje ID 11 ve Proje ID 18’in temel sonuglar
iizerindeki etkisini ayrica degerlendirmek amaciyla Model 2, bu iki gozlem diglanarak yeniden
tahmin edilmistir. Otuz yedi gozlemden olusan bu modelde In(Konut Sayisi) katsayisi istatistiksel
olarak anlamli degildir (B=0,045; p=0,774); Sira degiskeni ise pozitif ve anlamli kalmistir (B=0,113;
p<0,001). Modelin agiklama orant R?=0,835 olarak hesaplanmigtir.

Etkili gozlemler ¢ikarildiginda dlgek katsayisinin isareti degismekle birlikte istatistiksel
olarak anlamsiz kalmasi, proje olgegine iliskin temel ¢ikarimin bu iki goézleme bagli olmadigin
gostermektedir. Bununla birlikte katsay1 isaretindeki degisim, kiiciik 6rneklem yapisi nedeniyle
Ol¢cek tahmininin belirli gézlemlere karsi tiimilyle duyarsiz olmadigimi da ortaya koymaktadir. Bu
nedenle elde edilen bulgu, 6lgek ekonomisinin kesin bi¢imde bulunmadigi seklinde degil, incelenen
Istanbul portfoyiinde proje biiyiikliigiiniin kayitli nominal birim maliyetle istatistiksel olarak anlamli
bir iligki gostermedigi biciminde yorumlanmaistir.

Tartisma
Istanbul Proje Portféyiinde Nominal Birim Maliyet Farkhlasmasi

Istanbul’daki kamu kaynakli kentsel déniisiim ve toplu konut projelerinde gdzlenen genis
birim maliyet dagilimi, maliyet davraniginin yalnizca proje 6lgegi veya iiretim miktart tizerinden
aciklanmasinin yetersiz kalabilecegine isaret etmektedir. Ortalama birim maliyetin medyan degerin
belirgin bigimde iizerinde bulunmasi ve dagilimin alt ve iist uclar1 arasindaki genis agiklik, yiiksek
birim maliyetli bazi projelerin portfoy ortalamasini yukart ¢ektigine ve proje diizeyindeki maliyet
yapisinin nemli dlgiide heterojen olduguna isaret etmektedir. insaat projelerinde maliyetlerin saga
carpik bir dagilim sergilemesi, proje kapsami, uygulama kosullar1 ve belirsizliklerin proje bazinda
farklilagmasiyla iliskili olabildiginden (Akintoye, 2000; Flyvbjerg, 2014; Love vd., 2013), ortalama
degerlerin medyan ve dagilim Slgiileriyle birlikte degerlendirilmesi daha saglikli bir karsilastirma
zemini sunmaktadir.

Bu heterojenligin yorumunda, analizde kullanilan birim maliyet gostergesinin yalnizca konut
yapim maliyetini temsil etmedigi 6zellikle dikkate alinmalidir. Kayitli nominal toplam bedelin konut
sayisina bolinmesiyle elde edilen deger, proje paketine dahil edilen ticari birimleri, sosyal donatilari,
altyapi islerini, cevre diizenlemesini ve diger uygulama bilesenlerini de icerebilmektedir. Dolayistyla
yiiksek birim maliyet, dogrudan diisiik verimlilik veya zayif maliyet yonetimi anlamina gelmeyebilir;
bazi projelerde daha genis is kapsaminin veya daha gii¢ uygulama kosullarinin sayisal yansimasi
olabilir (Akintoye, 2000; Flanagan vd., 1989; Ive ve Gruneberg, 2000; Winch, 2010). Tablo 3’te {ist
ucta yer alan bazi projelerin diikkkan veya diger konut dis1 unsurlar1 da igermesi, proje kapsamindaki
farkliliklarin TL/konut gostergesinin karsilastirilabilirligini etkileyebilecegini diisiindiirmektedir.
Bununla birlikte, bu bilesenlerin toplam bedel i¢indeki pay1 standart bigimde ayristirilamadigindan,
kapsam farkliliklarinin birim maliyet {izerindeki etkisinin biiyiikliigli mevcut veri setiyle dogrudan
tahmin edilememektedir (Akintoye, 2000; Winch, 2010).

Fiziki gerceklesme gruplan arasinda Kruskal-Wallis testiyle belirlenen istatistiksel olarak
anlamli genel farklilik, en az bir grubun birim maliyet dagilimmin diger gruplardan farklilastigim
gostermektedir (Kruskal ve Wallis, 1952). Tamamlanmis projeler ile %75-%99 gerceklesme
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bandindaki projeler arasinda gozlenen medyan farki dikkat cekici olmakla birlikte, bu bulgu fiziki
gergeklesme diizeyinin maliyet iizerindeki nedensel etkisi olarak degerlendirilmemelidir.
Dogrulanmis ihale ve sézlesme tarihlerinin biitiin projeler i¢in bulunmamasi, kayitli toplam bedelin
baslangic ihale bedelini mi, revize sézlesme bedelini mi yoksa giincellenmis kayit degerini mi temsil
ettiginin standart bigimde belirlenememesi ve proje kapsamindaki farkliliklar, ger¢eklesme gruplar
arasindaki ayrigmaya birlikte katkida bulunabilir. Bu nedenle tamamlanmamis projelerin daha
yliksek birim maliyetli goriinmesi, gecikmenin veya maliyet eskalasyonunun dogrudan bir kaniti
olarak degil, farkli uygulama diizeylerine sahip proje gruplar1 arasinda kayitli nominal maliyet
dagilimlarinin ayrigmasi olarak yorumlanmigtir (Wooldridge, 2020).

Olcek Ekonomisi Bulgusunun Degerlendirilmesi

Konut iiretiminde standartlasma, tekrarli is siirecleri, toplu satin alma ve sabit santiye
maliyetlerinin daha fazla birime yayilmasi, proje 6lgegi biiyilidiikce ortalama maliyetin azalabilecegi
yoniindeki kuramsal beklentiyi desteklemektedir (Flanagan vd., 1989; Ive ve Gruneberg, 2000;
Merrow, 2011). Buna karsilik, Istanbul portfdyiine iliskin regresyon sonuglarinda In(Konut Sayisi)
katsayis1 hem yalnizca 6l¢ek degiskenini igeren Model 1°’de hem de Sira degiskeninin eklendigi
Model 2°de istatistiksel olarak anlamli bulunmamuistir. Model 2°de 6l¢ek katsayisinin negatif igaretini
korumasina karsin istatistiksel olarak anlamsiz kalmasi, proje biiyiikligiindeki artisin kayitli nominal
birim maliyette sistematik bir azalmayla iliskili oldugu yoniindeki beklentinin incelenen portféyde
ampirik olarak desteklenmedigini gostermektedir.

Bu sonug, dlgek ekonomilerinin Istanbul’daki tiim déniisiim projelerinde bulunmadigini
kesin bigimde kanitlamamakta; yalnizca incelenen proje diizeyindeki gozlemler ve kullanilan maliyet
gostergesi bakimindan istatistiksel olarak anlamli bir 6lgek etkisi belirlenemedigini ortaya
koymaktadir. Proje Olgegi ile birim maliyet arasindaki iliskinin dogrusal olmayan bir bigim
alabilecegi olasilig1 da In(Konut Sayis1) degiskeninin kareli terimiyle sinanmis, ancak kareli terimin
istatistiksel olarak anlamli bulunmamasi U bi¢imli veya ters U bi¢imli bir dlgek-maliyet iliskisine
iligkin yeterli kanit sunmamigtir (Wooldridge, 2020). Dolayisiyla 6lgek katsayisinin istatistiksel
olarak anlamsiz olmasi, incelenen model kapsaminda yalnizca dogrusal fonksiyonel bigimin
yetersizligiyle agiklanamamaktadir.

Regresyon tanilari, temel modelin bazi varsayimlar bakimindan sorun gostermedigini, bazi
yonlerden ise ihtiyatla degerlendirilmesi gerektigini gostermektedir. VIF degerlerinin yaklasik 1
diizeyinde bulunmasi ¢oklu dogrusal baglanti sorununun olmadigini, Breusch—Pagan ve White
testleri ise sabit varyans varsayiminin reddedilmedigini gostermektedir (Breusch ve Pagan, 1979;
White, 1980). Artiklarin normal dagilimina iliskin Shapiro—Wilk ve Jarque—Bera testlerinin ayni
yonde sonu¢ vermemesi, 39 gézlemden olusan veri setinin siirh biiyiikliigli de dikkate alindiginda,
¢ikarimlarin dikkatli yorumlanmasin1 gerektirmektedir (Jarque ve Bera, 1980; Shapiro ve Wilk,
1965). Cook uzakligi taramasinda iki gozlem 4/n tarama esigini agmis olmakla birlikte higbir
standartlastirilmis artik mutlak deger olarak 3 sinirin1 asmamaistir; bu durum, asir1 standartlastiriimis
artiga sahip bir goézlem bulunmadigim gostermektedir (Cook, 1977). Cok diisiik fiziki gerceklesme
oranina sahip projelerin dislandigi modelde de Slgek katsayisinin istatistiksel olarak anlamsiz
kalmasi, temel ¢ikarimin yalnizca bu gézlem grubundan kaynaklanmadigini desteklemektedir.

Istanbul’un metropol i¢i uygulama kosullar1, 5lcekten beklenen maliyet avantajlarinin neden
belirginlesmemis olabilecegine iligkin bir agiklama g¢er¢evesi sunmaktadir. Proje 6l¢egi biiylidiikce
yalnizca iiretim miktari degil, koordine edilmesi gereken parsellerin, hak sahiplerinin, idari siireglerin
ve uygulama bilesenlerinin sayis1 da artabilmektedir. Parsel birlestirme, miilkiyet uyusmazliklari,
deplasmanlari, yogun dokuda santiye erisimi ve trafik kaynakli tasima kisitlari, standartlasma ve
toplu tedarikten beklenen verimlilik kazanimlarini sinirlandirabilmektedir (Ataév ve Osmay, 2007,
Dinger, 2011; Enlil, 2011; Ozden, 2006; Bosch-Rekveldt vd., 2011). Mega proje literatiiriinde de
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proje biiyiikliigiliniin koordinasyon yiikiinii, karar siire¢lerinin karmasikligini ve risk maruziyetini
artirabilecegi vurgulanmaktadir (Flyvbjerg, 2014; Merrow, 2011).

Bununla birlikte, s6z konusu uygulama gligliikkleri mevcut veri setinde proje diizeyinde
dogrudan 6l¢iilmiis degiskenler olarak yer almamaktadir. Bu nedenle parsel yapisi, yikim yogunlugu,
uzlasma siiresi veya lojistik kisitlar ile birim maliyet arasinda nedensel bir iligki kurulamamaktadir.
Bu unsurlar, elde edilen istatistiksel Oriintiiyli agiklayabilecek ve literatiirle uyumlu olasi
mekanizmalar olarak ele alinmistir. Yiiksek birim maliyetli projelerde goriilen kapsam ve konum
farkliliklar, birim maliyetlerin yalnizca konut sayisiyla agiklanmasiin sinirli kalabilecegini
diistindiirmekte; ancak bu unsurlar ile birim maliyet arasindaki iliskilerin biiyiikliigliniin belirlenmesi
icin daha ayrintili proje kapsamui bilgisi ve mekansal veriler gerektirmektedir.

Kaynak Kayit Sirasi ve Nominal Birim Maliyet Iliskisi

Model 2°de Sira degiskeninin kayitli nominal birim maliyetle gii¢lii ve pozitif bir iligki
sergilemesi, kaynak kayit dizilimi boyunca nominal birim maliyetlerin sistematik bigimde
farklilastigin1 gostermektedir. Bununla birlikte Sira degiskeni takvim yili, ihale tarihi, s6zlesme
tarihi, proje siiresi veya resmi proje numarasi degildir. Bu nedenle Sira katsayis1 yillik maliyet artigi,
enflasyon etkisi veya zaman iginde sabit bir maliyet eskalasyonu orani olarak yorumlanamaz.
Degiskenin anlami, yalmzca TOKI kaynak kayitlarinin dizilimi boyunca gozlenen nominal maliyet
farklilagmasiyla sinirhidir.

Sira degiskeninin kareli teriminin istatistiksel olarak anlamli bulunmasi, kaynak kayit
dizilimi ile nominal birim maliyet arasindaki iligskinin yalnizca dogrusal bigimde temsil edilmesinin
yeterli olmayabilecegine isaret etmektedir. Bu sonug, dogrusal modelde elde edilen B = 0,111
katsayisinin kayit sirasinin biitiin diizeylerinde gecerli sabit bir degisim oranmi olarak okunmamasi
gerektigini  gostermekte ve Sira degiskeninin yorumunda benimsenen ihtiyatli yaklagimi
giiclendirmektedir. Regresyon modellerinde dogrusal olmayan terimlerin anlamliligi, bagiml
degisken ile agiklayici1 degisken arasindaki iliskinin sabit egimli tek bir dogrusal katsayiyla yeterince
temsil edilemeyebilecegini gostermektedir (Wooldridge, 2020). Kaynak kayit sirasi, projelerin
yayimlanma veya veri tabanina kaydedilme bi¢imi, gozlenmeyen proje 6zellikleri ya da donemsel
fiyat kosullaniyla iligkili olabilir. Goézlenmeyen degiskenler ve alternatif model kurulumlan
birbirinden ayrnstirilamadiginda, elde edilen katsayilarin tek ve kesin bir agiklama olarak
yorumlanmamasi gerekir (Wooldridge, 2020; Young ve Holsteen, 2017). Mevcut veri yapisi da soz
konusu olasiliklarin etkilerini birbirinden ayirmaya imkan vermemektedir.

Tiirkiye’de Insaat Maliyet Endeksi’nin zaman icindeki seyri, insaat maliyetlerinin fiyat
hareketlerine duyarli oldugunu gosteren genel bir makroekonomik baglam sunmaktadir (TUIK,
2024). Ancak proje diizeyinde dogrulanmis ihale veya sdzlesme tarihleri bulunmadigindan, Sira
degiskeni ile insaat Maliyet Endeksi dogrudan eslestirilememis ve aralardaki korelasyon giivenilir
bigimde hesaplanamamaistir. Nominal proje degerlerinin reel biiylikliiklere doniistiiriilebilmesi igin
parasal gézlemlerin ilgili tarih veya donem bilgisiyle giivenilir bicimde eslestirilmesi gerekmektedir;
aksi durumda endeksleme islemi 6l¢tim hatas1 ve yorum belirsizligi yaratabilir (Wooldridge, 2020).
Bu nedenle Ingaat Maliyet Endeksi verileri, Sira degiskeninin gegerliligini dogrulayan ampirik bir
kanit olarak degil, nominal maliyet karsilastirmalarinin zaman ve fiyat diizeyi agisindan neden
ihtiyatla yorumlanmas1 gerektigini gdsteren genel bir baglam olarak kullanmilmistir.

Kaynak kayit dizilimi ile nominal birim maliyet arasindaki giilii iligki, kamu projelerinde
zaman kaynakli maliyet risklerinin yonetimini giindeme getirmekle birlikte, arastirmada proje siiresi
dogrudan 6l¢iilmemistir. Dolayistyla daha hizli teslimatin maliyetleri diisiirdiigii yoniinde nedensel
bir sonug ¢ikarilamaz. Gozlemsel ve iliskisel arastirma tasarimlarinda, dogrudan ol¢iilmeyen proje
siiresi veya teslim performansi gibi degiskenler hakkinda nedensel ¢ikarim yapilmasi yontemsel
agidan sinirhdir (Wooldridge, 2020; Young ve Holsteen, 2017). Buna karsin, idari ve hukuki
stireclerdeki uzamalar, uygulama takvimini geciktirebilen riskler arasinda yer almaktadir (Atadv ve
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Osmay, 2007; Ozden, 2006). Girdi fiyatlarmin degisken oldugu ortamlarda uzayan uygulama
stireleri, projelerin nominal fiyat baskilarina maruz kaldigi donemi uzatabilecek bir risk olarak
degerlendirilebilir (Ercan, 2017; Kocaman vd., 2020; Resmi Gazete, 2013). Zaman kaynakl1 maliyet
risklerinin yonetimine iliskin bu vurgu, dogrudan tahmin edilmis bir teslim siiresi etkisine degil,
regresyon sonuglari, nominal maliyetlerin niteligi ve ilgili literatiiriin birlikte degerlendirilmesine
dayanan ihtiyath bir politika ¢ikarimidir.

ihale Kapsamlandirmasi, Etaplandirma ve Biitceleme Acisindan Cikarimlar

Elde edilen bulgular, kamu kaynakli kentsel doniisiim projelerinde paket biiyiikliigiiniin tek
basina bir verimlilik 6l¢iitii olarak kullanilmasinin sinirh kalabilecegine isaret etmektedir. Proje
biiyiikliigi ile kayith nominal birim maliyet arasinda istatistiksel olarak anlamli bir iligki
belirlenememesi, daha fazla konut iceren paketlerin kendiliginden daha diisiik birim maliyet
iiretece@i varsayimimin Istanbul portfoyii bakimidan desteklenmedigini gdstermektedir. Bu nedenle
ihale kapsamlandirmasi ve etaplandirma kararlarinda konut sayisinin yani sira parsel yapisi, yikim
yogunlugu, erisim olanaklari, lojistik kapasite, hak sahipleriyle uzlasma siirecleri ve kurumsal
koordinasyon gereksinimlerinin dikkate alinmasi daha biitiinciil bir degerlendirme saglayabilir
(Atadv ve Osmay, 2007; Flyvbjerg, 2014; Ozden, 2006; Bosch-Rekveldt vd., 2011). Kentsel
doniigiim literatiirii de planlama ve uygulama kararlarinin yalnizca fiziksel {iretim miktar1 {izerinden
degil, mekansal uygunluk, sosyal yap1 ve kurumsal kapasite birlikte degerlendirilerek ele alinmasi
gerektigini gostermektedir (Batal ve Dur, 2019; Ece Kaya ve Erbas, 2024; Kegeli, 2014).

Proje paketlerinin biiyiitiilmesi, toplu satin alma, tekrarh iiretim ve standartlagsma yoluyla
maliyet avantajlar1 yaratabilmekle birlikte, idari ve lojistik agidan yonetilebilir sinirlarin agilmasi
durumunda koordinasyon yikiinii ve uygulama risklerini artirabilir (Flyvbjerg, 2014; Ive ve
Gruneberg, 2000; Merrow, 2011). Bu c¢ercevede en biiyiikk ihale paketinin secilmesi yerine,
potansiyel dlgek avantajlarini korurken ydnetsel ve lojistik karmasikligi sinirlayan, uygulanabilir
etaplara ayrilmis proje paketlerinin degerlendirilmesi daha uygun olabilir (Flyvbjerg, 2014; Merrow,
2011). Bununla birlikte, farkli etaplandirma bigimlerinin maliyet {izerindeki etkisi mevcut analizde
dogrudan sinanmadigindan, bu 6neri ampirik olarak belirlenmis bir optimum paket biiyiikliigii olarak
degil, arastirma bulgularindan hareketle gelistirilen bir uygulama 6nerisi olarak degerlendirilmelidir.
Kentlesme ve arazi kullanimina iliskin ¢aligmalar da hizli ve denetimsiz mekénsal biiylimenin altyapi
sunumu, erisilebilirlik ve kentsel gelismenin yonetimi {izerinde ek baskilar olusturabildigine isaret
etmektedir (Avcu ve Buldur, 2018; Benek ve Sahap, 2016; Kegeli, 2014).

Zaman kaynakli maliyet risklerinin yonetimi bakimindan idari siire¢lerin dngoriilebilirliginin
artirllmasi, kurumlar ve paydaslar arasindaki koordinasyonun gii¢lendirilmesi, uyusmazliklarin
erken agamada ele alinmasi ve uygulama takviminin kesintiye ugramasina yol acabilecek unsurlarin
izlenmesi 6nem tagimaktadir (Atadv ve Osmay, 2007; Ercan, 2017, Ozden, 2006). Ancak Sira
degiskeninin proje siiresini veya takvim zamanini 6lgmedigi gz oniinde bulunduruldugunda, bu
politika oOnerileri “donem etkisinin maliyetleri belirledigi” biciminde kesin bir c¢ikarima
dayandirilmamalidir. Daha 6l¢iilii bir ifadeyle, girdi fiyatlarinin degisken oldugu ortamlarda proje
teslimi ve sozlesme siireclerinin yonetimi, proje biitcelerinin dngdriilebilirligi agisindan dikkate
almmasi gereken bir unsur olarak degerlendirilebilir (Ercan, 2017; Kocaman vd., 2020; Resmi
Gazete, 2013). Kamu yo6netimi ve kentsel yonetisim literatiirii de kurumsal koordinasyon, gorev
paylasimi ve idari kapasitenin kamu hizmetlerinin etkinligi bakimindan 6nem tasidigini ortaya
koymaktadir (Deniz, 2013; Yazici, 2018; Winch, 2010).

Birim maliyet karsilastirmalarinin kapsam ve risk gostergeleriyle birlikte sunulmasi, kamu
projelerinin daha saglikli degerlendirilmesine katki saglayabilir (Akintoye, 2000; Colak ve Ugur,
2023; Love vd., 2013). Ticari birimler, sosyal donatilar, altyap yiikiimliiliikleri, ¢evre diizenlemesi,
yikim ve hafriyat gereksinimleri gibi bilesenlerin raporlanmadigi durumlarda, salt TL/konut
karsilagtirmalar1 proje verimliliginden c¢ok kapsam ve karmasiklik farkliliklarimi yansitabilir
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(Flanagan vd., 1989; Ive ve Gruneberg, 2000; Winch, 2010). Bu nedenle gelecekteki proje
raporlamalarinda toplam ingaat alani, konut dig1 kullanim alanlari, yikim miktari, altyap: kapsami ve
uygulama kisitlar1 gibi gostergelerin kayith nominal birim maliyetle birlikte sunulmasi
karsilastirilabilirligi giiclendirebilir (Akintoye, 2000; Flanagan vd., 1989; Ive ve Gruneberg, 2000;
Winch, 2010). Kentsel doniisiim uygulamalarinin degerlendirilmesinde fiziksel ¢iktilarin toplumsal
ve mekansal sonuglarla birlikte ele alinmasi1 gerektigi de ilgili ¢alismalarda vurgulanmaktadir
(Altiparmak ve Tuna Uysal, 2020; Batal ve Dur, 2019; Ece Kaya ve Erbas, 2024).

Hukuki ve sozlesmesel c¢ercevenin maliyet yonetimiyle daha goriintir bigimde
iliskilendirilmesi de 6nemlidir. Hak sahipligi, tahliye, uzlagma ve idari karar stirecleri, 6306 sayili
Kanun kapsamindaki projelerde siire ve uygulama belirsizligine katkida bulunabilir (6306 sayili
Kanun, 2012; Atadv ve Osmay, 2007; Ozden, 2006). Sozlesme siiresinin, fiyat fark: hiikiimlerinin,
hakedis takviminin ve is programi revizyonlarinin seffaf bicimde izlenmesi; kapsam degisiklikleri
ile nominal bedel giincellemelerinin ayr1 ayr raporlanmasi, kamu kaynakli doniisiim projelerinde
maliyet karsilagtirmalariin giivenilirligini artirabilir (Ercan, 2017; Kocaman vd., 2020; Resmi
Gazete, 2013; Winch, 2010). Hak sahipligi, yerinden edilme ve toplumsal uyum siire¢lerinin hukuki
uygulamalarla birlikte degerlendirilmesi de kentsel doniisiim projelerinin yalnizca mali agidan degil,
toplumsal siirdiiriilebilirlik bakimindan daha saglikli yonetilmesine katki saglayabilir (Altiparmak ve
Tuna Uysal, 2020; Ayik, 2015; Kogak, 2014).

Sonuc¢

Ocak 2026 itibartyla TOKI’nin kamuya acik proje kayitlarinda yer alan ve arastirma
dlciitlerini karsilayan Istanbul projelerinin tamami iizerinde yiiriitiilen analiz, proje dlgegi ile kayith
nominal birim maliyet arasinda istatistiksel olarak anlamli bir iliski belirlenemedigini
gostermektedir. Incelenen proje portfdyiinde, daha fazla konut igeren projelerin sistematik olarak
daha diisiik birim maliyet iiretecegi yoniindeki Olgcek ekonomisi beklentisi istatistiksel olarak
desteklenmemistir. Farkli model kurulumlari ve duyarlilik kontrollerinde temel ¢ikarimin
degismemesi, elde edilen bulgunun belirli bir model kurulumuna veya gozlem grubuna bagh
olmadigini desteklemektedir.

Bununla birlikte, bu bulgu 6lgek ekonomilerinin kentsel doniisiim projelerinde hicbir
kosulda ortaya ¢ikmayacagi seklinde yorumlanmamalidir. Mevcut proje diizeyindeki veriler ve
kullanilan maliyet gdstergesi ¢ercevesinde, proje biiyiikliigii ile nominal birim maliyet arasinda
istatistiksel olarak ayirt edilebilir bir iliski belirlenememistir. Ote yandan, kayitli nominal birim
maliyetlerin kaynak kayit dizilimi boyunca belirgin bi¢imde farklilasmasi, birim maliyet
davraniginin yalnizca {iretim miktariyla degil, proje kapsami ve uygulama kosullar1 gibi unsurlarla
birlikte degerlendirilmesi gerektigini gdstermektedir. Ancak Sira degiskeninin takvim zamanin veya
enflasyonu dogrudan temsil etmemesi nedeniyle, bu iliskinin belirli bir donem ya da fiyat etkisine
baglanmasi miimkiin degildir.

Bu calismanin ortaya koydugu temel katki, kamu kaynakli kentsel doniisiim projelerinde
yaygin kabul goren “daha biiyiik proje daha diislik birim maliyet iiretir” varsayiminin incelenen
Istanbul portfoyiinde istatistiksel ~destek bulmadigmi  gdstermesidir. Bulgular, ihale
kapsamlandirmas1 ve biitgeleme kararlarinda yalmizca proje biiyiikliigiiniin degil, uygulama
kapasitesinin, proje kapsaminin, lojistik kosullarin ve kurumsal koordinasyon gereksinimlerinin de
birlikte degerlendirilmesi gerektigine isaret etmektedir. Bu nedenle biiyiik ihale paketlerinin dogasi
geregi daha verimli oldugu varsayimi yerine, yonetilebilir ve karsilastirilabilir proje kapsamlarimin
olusturulmasini 6nceleyen daha ihtiyatl bir yaklasim benimsenebilir.
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