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Summary of Doctoral Dissertation

Title of Doctoral Dissertation: Development of climate zones for passive cooling techniques and typical
meteorological years based on quality control of datasets in Indonesia.

Name: I Dewa Gede Arya Putra

This dissertation summarizes the climate classification for macro-scale passive cooling methods in regions
with different climate zones in Indonesia and demonstrate comprehensively the generating typical
meteorological year (TMY) data based on datasets quality control.

Chapter 1 outlines the background and objectives of the research. In this research we have divided it into two
parts. This thesis essentially examines the creation of new climate zones according to actual climatic
conditions resulting in several regions with similar climate patterns based on a detailed analysis of long-term
hourly weather data pertaining to major cities across Indonesia. Then, a potential climate zoning map for
several passive cooling techniques is proposed to eventually establish building regulations for passive design
buildings to ensure Indonesia's future energy efficiency. In the second study, we specifically focuses on the
gap-filling process in datasets for TMY calculation input, the development process of TMY at each site across
Indonesia, verifying TMY's against the long-term distribution of climate observations, and describing climate
conditions in each climate zone based on the resulting TMY's.

Chapter 2 describes the development of climate zones. The definition of adequate climatic zones is complex
task due to the interaction of several independent variables. Among several methods, the most commonly used
method includes a principal component analysis to reduce data, followed by a hierarchical cluster analysis.
Then, a spatial interpolation is often followed. In, after careful consideration, the Ward method was chosen to
redefine the climate zones with more homogeneous seasonal characteristics. Eight integrated climate zones
were defined according to possible strategies that could facilitate the implementation of passive design
strategies in Indonesia.

Chapter 3 describes the Assessment of passive cooling methods in each climate zone. Passive cooling
techniques, namely, night ventilation, comfort ventilation, and evaporative cooling, were assessed in different
climate zones using the climatic cooling potential (CCP) formula. The night ventilation potential shows that
the very highland tropical and highland tropical climate zones exhibited a high potential for night ventilation
because these areas are located at high altitudes with relatively low temperatures. In addition, the equatorial
and sub equatorial climate zones located near the equator were areas with a low potential for evaporative
cooling because these areas exhibit high relative humidity levels throughout the year.

Chapter 4 describes the study of vertical solar irradiance in Tangerang and Jembrana-Bali of Indonesia. This
study uses historical solar radiation data from global horizontal irradiance and solar radiation from the vertical
component including north vertical surface irradiance, south vertical surface irradiance, west vertical surface
irradiance, and east vertical surface irradiance. each component of horizontal and vertical solar radiation is
analyzed sub-diurnal and seasonally. The global horizontal solar radiation is influenced by the annual
movement of the sun which reaches its highest intensity in March-April and September-October.

Chapter 5 describes Quality control of datasets for TMY calculation input. TMY studies require complete
hourly time series data with a minimum 10-year period. If there are missing data, proper data treatment, such



as interpolation, is needed. The reanalysis data have been corrected for bias to cover missing data. The
gap-filling technique for the temperature parameter and the other parameters is based on ERAS data. Quantile
mapping can improve the distribution of ERAS temperature values to be close to the distribution of observed
values. The same procedure was employed to fill in the missing observational data of relative humidity and
wind speed at 106 sites in Indonesia.

Chapter 6 describes Development of TMY and it’s verification. TMY can reduce the complicated
computational effort in simulating and handling weather data using a one-year dataset. The calculation of
TMY in this study used the Sandia method with modifications in the weighted factor for each climate
element. The Sandia method, an empirical approach, involves selecting specific months of the year that differ
from the recorded period. the resulting TMY with 12 TMMs at 106 sites. It can be inferred that the TMMs,
which are the results of TMY generation, vary significantly, despite the sites being in the same climate zone.

In Chapter 7, the results of this study were summarized. The new integrated climate zones developed in this
study differed from those of the previous Koppen climate zoning and obtained more detailed and optimum
results based on spatial and temporal distribution (diurnal, seasonal, and annual). The availability of
information on climate classification in this study was divided into eight new integrated climate zones, namely,
climate zone 1A (equatorial), climate zone 1B (sub equatorial), climate zone 2A (highland tropical), climate
zone 2B (very highland tropical), climate zone 3A (monsoon), climate zone 3B (sub monsoon), climate zone
4A (savanna), and climate zone 4B (sub savanna), in the territory of Indonesia. In the passive method, by
taking the lower probability limit of 50 %, the monsoon, savanna, and sub savanna climate zones are suitable
for the comfort ventilation method. Meanwhile, the sub equatorial climate zone is suitable for applying passive
methods by combining night ventilation and comfort ventilation. The hourly observational data for the period
of 2011-2020, underwent quality control measures, including gap filling for the missing values of 29.96% to
50.19% from the total data for the purpose of TMY generation. This has been done by incorporating the
bias-corrected ERAS datasets into the observational data from 106 sites. The formula effectively reduced the
distribution of each bias to close to 0. The results of the TMY selection show that the year selection for
TMMs varies significantly in Indonesia. Additionally, the resulting TMY accurately captures the long-term
distribution pattern, particularly for global horizontal irradiance and temperature. The above result was found
based on a high correlation value between TMY and LT, particularly an average of 0.96 for global horizontal
irradiance and 0.86 for temperature.



