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Wind Speed (m/s)

city: Yazd

country: IRAN

time-zone: 3.5

source: TMY2

period: 1/1 to 12/31 between 0 and 23 @1

Calm for 8.85% of the time = 775 hours.

Each closed polyline shows frequency of 0.6% = 50 hours.
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Abstract

Designing a Sustainable Urban Development Model in a Hot-Arid
Climate with an Emphasis on Resource Management and Energy
Consumption Reduction

In Yazd's hot-arid climate, sustainable architectural design cannot be reduced to envelope
optimization or isolated green technologies. Solar control, thermal loads, daylight, spatial
organization, and the interfaces between architecture, movement, and resource systems need to be
read within one traceable decision chain. This research develops and tests a multi-layer climate-
responsive framework that translates the climatic and spatial logic of Yazd into mechanisms,
variables, scenarios, performance indicators, and design rules. The quantitative core is examined in
two modules: a residential block and a transparent semi-buried Walipini enclosure. The controlled
residential archive contained 100 initial records, of which 93 were complete and usable; the design
search was then extended by 180 Wallacei tests and secondary analyses. In addition to the main R3
branch, a separate stepped private-courtyard typology was tested for orientation and privacy
constraints. The Walipini module used 16 principal annual runs plus sensitivity checks to examine
semi-buried geometry, natural ventilation, cover material, seasonal shading, ground boundary
conditions, and the relative transmitted-solar indicator DLI eq.

Across the main residential design chain, cooling load and total thermal load decreased by 43.92%
and 23.48%, while heating load increased by 61.09%. Controlling excessive daylight also reduced
some daylight-access indicators, so the final configuration is a trade-off, not a single optimum. R3
is treated as the deeply documented development branch, not the initial thermal winner. A separate
stepped private-courtyard typology was tested as a quantified option under orientation and privacy
constraints. About 140 m? of active PV produced a nominal annual generation-to-equivalent-
demand ratio of 100.8%; uncertainty analysis indicated about 155—-161 m? for P§80—-P95 annual-
balance confidence. In the Walipini module, natural ventilation reduced hours above 35 °C by more
than 3,100 hours. The semi-buried package reduced heating demand and cold hours but increased
cooling demand and total thermal load; shading reduced both overheating and DLI eq, revealing a
thermal—solar trade-off.

The reported energy values are model-based loads and annual balances, not final equipment energy
use, hourly self-sufficiency, or urban-system performance. DLI eq is a relative comparison
indicator derived from transmitted solar energys; it is not canopy DLI, PPFD, or a crop-performance
metric. The spatial scenario tests bounded daily-access relationships and interfaces between
buildings, movement, and resource systems. No optimal population, transport network, hydraulic
design, waste-processing plant, or agricultural production system is validated. Comparative reading
against LEED v4.1 Cities and Communities, GSAS, Mostadam for Communities, and Estidama is
a conceptual scope check, not certification or scoring. The principal overall contribution is a
traceable architectural decision framework connecting climatic and vernacular logic, design search,
quantitative evidence, spatial and resource preconditions, uncertainty, architectural interpretation,
and disciplinary limits, rather than a single optimal form, population, or fixed masterplan.

Keywords: hot-arid climate; Yazd; climate-responsive design; architectural decision-making;
residential building; Walipini; energy simulation; daylight; photovoltaics; DLI_eq.
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