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Abstract

The purpose of this study was to evaluate LEED for Existing Buildings version 4.1 (LEED-EB v4.1)
gold-certified office projects in San Francisco, New York City, and Washington, D.C., using the exact
Wilcoxon-Mann-Whitney, Cliff's 6, and Spearman’s correlation tests. This study finds that San
Francisco outperforms New York City in “indoor environmental quality” (IEQ) for office projects (p
=0.009). San Francisco also outperforms New York City and Washington, D.C., in overall LEED score
(p = 0.001 in both cases). “Energy”, “transportation”, and “IEQ” were correlated with the overall
LEED score in San Francisco (r = 0.80 and p = 0.003; r = 0.69 and p = 0.018; and r = 0.61 and p = 0.049,
respectively); “energy” and “waster” were correlated with the overall LEED score in Washington,
D.C. (r=0.62 and p=0.014, r=0.71 and p = 0.003, respectively); and “energy” was correlated with the
overall LEED score in New York City (r = 0.61 and p = 0.001). This study concludes that higher
environmental sustainability in LEED-certified buildings can be achieved if a broader range of LEED-
EB v4.1 key performance indicators show a positive and strong correlation with the overall LEED

score.

Keywords: LEED-EB v4.1; San Francisco; New York City; Washington; D.C

1. Introduction
1.1. Energy Consumption and Share of Fossil Fuels in the US Building Sector

According to the U.S. Energy Information Administration, total energy consumption in the
building sector (the sum of residential and commercial) fell from 40.2% to 36.9% of the total U.S.
energy consumption between 2010 and 2024 [1]. Additionally, the share of fossil fuels (the sum of
natural gas, petroleum, and coal) fell from 92.8% to 91.4% of total energy consumption in the US
building sector between 2010 and 2024 [2].

Although the building sector’s share of total US energy consumption and the share of fossil fuels
in the US building sector’s total energy consumption declined between 2010 and 2024, the share of
fossil fuels remains significant. The use of fossil fuels to meet energy needs can lead to the depletion
of natural resources and climate change, resulting in the deterioration of people’s quality of life [3,4].
In this context, the Leadership in Energy and Environmental Design (LEED) green building rating
system, developed and actively used in the USA, is a valuable tool for reducing the use of fossil fuels
[5,6].

1.2. Development of LEED Systems
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The LEED program is constantly evolving through the introduction of new systems and/or new
versions. [7]. Below are two examples describing both a new application of an “o0ld” system and the
replacement of the “old” version with a “new” one.

LEED for Existing Buildings (LEED-EB) was originally designed as a program for following up
on LEED for New Construction and Major Renovation (LEED-NC)-certified buildings. However,
LEED-EB has evolved into a standalone certification system for existing buildings, aimed at
improving the environmental sustainability of buildings without major renovations [8].

Before explaining the differences between the two versions (v4 and v4.1 for the LEED-EB
system), it is worth noting that both versions include five key indicators: “transportation” (from the
location and transportation (LT) category), “energy” (from the energy and atmosphere (EA) category,
“water” (from the water efficiency (WE) category), “materials and resources” or “waste” (from the
materials and resources (MRs) category), and “indoor environmental quality” (IEQ) (from the indoor
environmental quality (EQ) category). Recently, the author of this study presented a detailed
description of two versions (v4 and v4.1) of the LEED-EB system in two studies [9,10]. LEED-EB v4.1
contains the following performance indicators: “transportation” — 14 pts, “water” -15, “energy” — 33
pts, “waste” - 8 pts, and IEQ — 20 pts. Additionally, LEED-EB v4.1 contains 10 binary LEED credits,
with each credit worth a maximum of 1 point. LEED-EB v4.1 has four certification levels: certified
(40-49 points), silver (50-59 points), gold (60-79 points), and platinum (80-100 points) [10].

1.3. LEED-EB v4 vs. v4.1

Yezioro and Capeluto applied a “prescriptive—descriptive” and “performance” approach for the
Israeli Energy Standard (I55282) [11]. It is important to note that LEED-EB v4 (the “old” version)
primarily uses a “prescriptive-descriptive” approach (i.e., recording scores through measurement of
pre-set requirements related to performance), while LEED-EB v4.1 (the “new” version) primarily uses
a “performance” approach (i.e., recording scores through direct measurement of performance). In
LEED-EB v4, three indicators, transport, materials and resources, and indoor environmental quality,
use a “prescriptive-descriptive” approach, while two indicators, water and energy, use a
“performance” approach. In LEED-EB v4.1, four indicators (transportation, water, energy, and waste)
use a “performance” approach, while one indicator (indoor environmental quality) uses a
“performance” approach to determine 50% of the points and a “prescriptive-descriptive” approach
to determine the remaining 50% of the points [12].

2. Literature Review
2.1. A Comparative Analysis of LEED-Certified Projects in the United States
2.1.1. At the Country Level

Several studies (2009-2019) by Cidell and Beata [13], Wu et al. [14], Wu et al. [15], and Pushkar
and Verbitsky [16] used descriptive and inferential statistics to estimate the difference between LEED-
certified strategies for LEED v2.2-, v3-, and v4-certified projects in the United States. They found that
the LEED certification strategies depended on both internal properties (e.g., certification level and
building type) and external properties (e.g., climate, location, and U.S. state-level green policies). In
2025, Ahmad et al. [17] used descriptive and inferential statistics to estimate the difference in LEED-
NC v4-certified projects across nine U.S. climate regions (i.e., nine independent groups). Thus, the
analysis of each new version (e.g., v4) using standard statistical methods (e.g., nonparametric
significance and effect size tests) is a relevant scientific approach [17].

2.1.2. At the Level of Two Countries

Da Silva and Ruwanpura [18] used descriptive statistics to compare LEED-certified projects
between the US and Canada. Wu et al. [19], Pushkar [20], and Chi et al. [21] used descriptive and
inferential statistics to compare LEED-certified projects between the US and China. They found that

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2422.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2025 d0i:10.20944/preprints202510.2422.v1

3 of 24

differences between countries are driven by, for example, differences in climate, regional priorities,
infrastructure, and the experience of LEED professionals. In this context, two countries are
represented as two independent groups.

2.1.3. At the Building Type Level

Rokde et al. [22] studied LEED-NC 2009 v3-certified fire station projects in the United States and
showed that they scored poorly in both the MR and EA categories. They also found that 95 LEED-
certified fire stations were evenly distributed across the United States, with no significant regional
trends. Goodarzi et al. [23] studied LEED NC v2009-certified hotel projects with normalized guest
satisfaction scores in the United States. They found that the EA and IEQ categories were the most
influential LEED categories in predicting satisfaction at the certified and silver certification levels, but
not at the gold and platinum levels. Goodarzi and Berghorn [24] surveyed residents of LEED-certified
communities and showed that green building characteristics were more significant factors in
satisfaction than neighborhood design characteristics. Lee [25] examined five art museums in the
United States certified under both LEED and the Sustainable Development Goals (SDGs) and showed
that LEED and SDGs act as complementary frameworks to promote the environmental, social, and
economic sustainability of museums.

2.1.4. At the US State and City Levels

Pushkar [26] studied LEED-CI v4 gold-certified office projects in California and showed that
cities with accessible public transportation (e.g., San Francisco) had high scores in the LT category
and low scores in the EA category and vice versa for cities with non-accessible public transportation
(e.g., Sunnyvale). Pushkar [27] studied LEED-CI v4 gold-certified office projects in New York City
and found consistently good scores for the LT category, while the EA category had both low and high
scores. A critical analysis of the above studies showed that a comparison of LEED-certified projects
at the city level is lacking.

2.1.5. Summary of the Key Studies Analyzed

Table 1 contains four approaches that reveal the different LEED certification strategies in the
United States. Climate zones can be used as a factor influencing the choice of LEED certification
strategy. However, this approach does not consider the influence of green building policies on the
choice of LEED certification strategy at both the state and city levels in the United States. LEED
certification level can be used as a factor when choosing an environmentally and economically
sustainable model for hotels. However, this approach does not consider the city in which LEED-
certified hotels are located from a green building policy perspective. Transport accessibility (low or
high) can significantly influence the choice of LEED certification strategy. Finally, the energy
efficiency of a building (low or high) can be a key determinant of its green building performance,
even within a single city [28]. Thus, the LEED certification strategy of comparing cities across the US
has not yet been studied.

Table 1. Four types of comparison of LEED-certified projects in the US.

Comparison of independent

LEED-NC v4-certified projects [Ref]
groups
LEED-NC v4—cert1.f1eF1 projects encompass all Nine U.S. climate regions [17]
building types
LEED NC v2009-certified hotel projects Four certification levels [23]
LEED-CI v4 gold-certified office projects in Low vs. High Transport [26]
California Accessibility
LEED-CI v4 gold-certified office projectsin Low vs. High energy performance
_ o [27]
New York City in building
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2.2. A Correlation Analysis of LEED-Certified Projects in the United States

This subsection analyzes six studies that assessed the linear correlation between LEED category
scores and overall LEED scores in the United States. Some studies used the correlation coefficient ()
to assess correlation, while others used the coefficient of determination (R?). In this context, R2 was
transformed into r to maintain consistency with the format used in the present study.

2.2.1. At the Country Level

Ahmad et al. [17, p.14] analyzed 1252 LEED-NC v4-certified projects and found that the EA score
has a strong positive correlation with the overall LEED score (r = 0.61). The regional priority (RP)
score moderately positively correlated with the overall LEED score (r = 0.40), while the MRs, IEQ), SS,
LT, and WE scores weakly positively correlated with the overall LEED score (r = 0.39, 0.37, 0.36, 0.35,
and 0.30, respectively). This correlation value reflects a general trend in the United States, while
climate regions or city-level LEED certification strategies remain unexplored. Ahmad et al. [17, p.13]
noted “that in certain [climate] regions, building practices may foster stronger connections [i.e.,
moderate correlation] between specific categories”. Combining the four LEED certification levels (i.e.,
four independent groups) into one group also obscures the LEED certification strategies used for each
LEED certification level.

2.2.2. At the Building Type Level

Goodarzi et al. [29] analyzed 87 LEED-NC v3 2009-certified university residence hall projects.
They found a very strong positive correlation between the EA score and the overall LEED score (r =
0.80). The SS score moderately positively correlated with the overall LEED score (r = 0.45), while the
MRs, IEQ, and WE category scores weakly positively correlated with the overall LEED score (r = 0.35,
0.28, and 0.28, respectively).

Goodarzi [30] examined 802 LEED-NC v3 209-certified multifamily residential projects. They
discovered the following relationships: a strong positive correlation between the EA category scores
and the overall LEED score (r = 0.68) and a moderate positive correlation between the SS score and
the overall LEED score (r = 0.40). The EQ, WE, and MRs scores weakly positively correlated with the
overall LEED score (r = 0.26, 0.25, and 0.23, respectively).

Goodarzi et al. [31] examined the correlation between RP credits and overall LEED points in 878
LEED-NC 2009 v3-certified multifamily residential projects. They showed a weak positive correlation
between the RP score and overall LEED score (r = 0.38).

Goodarzi and Garshasby [32] examined 75 LEED-NC v4-certified multifamily residential
projects. They found that the EA, EQ, and LT scores moderately positively correlated with the overall
LEED score (r=0.52, 0.43, and 0.43, respectively), while the SS, WE, and MRs scores positively weakly
correlated with the overall LEED score (r = 0.28, 0.23, and 0.20, respectively).

Parekh [33] examined 120 LEED-HC v4.1-certified healthcare projects and found a strong
positive correlation between the EA score and the overall LEED score (r = 0.60). The WE and SS scores
moderately positively correlated with the overall LEED score (r = 0.58 and 0.46, respectively). The
IEQ and MRs scores weakly positively correlated with the overall LEED score (r = 0.39 and 0.33,
respectively). It clearly indicated that LEED-certified projects at different certification levels were
pooled into one group. Thus, the r values presented do not reflect the strength of the association
between individual and overall LEED scores in each of the four certification groups. This study
design does not allow for an examination of LEED certification strategy at the city level.

2.2.3. Summary of the Key Studies Analyzed

Table 2 shows that the correlation between the EA score and the overall LEED score varies
widely from r = 0.52 for LEED-NC v4-certified multifamily residential projects to » = 0.80 for LEED-
NC v3-certified university residence hall projects. Table 1 also shows that the correlation between the
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WE score and the overall LEED score varies widely from r = 0.23 for LEED-HC v4-certified
multifamily residential projects [32] to = 0.58 for LEED-HC v4.1-certified healthcare projects [33].

Table 2. A summary of the correlation results between individual LEED category scores and overall LEED scores

in the United States using the correlation coefficient (r) across six publications.

LEED-Certified Projects LT SS WE EA MRsIEQ RP Ref.
LEED-NC v4-cert1.f1e'd projects encompass all 035 0.36 0.30 0.61 039 0.37 040 [17]
building types
LEED-NC v3-certified 1'1n1ver51ty residence hall 0.45 0.28 0.80 035 028 — [29]
projects
LEED-NC v3-cert1f1ed.mult1fam11y residential 0.40 0.25 0.68 023 026 — [30]
projects

LEED-NC 2009 v3-certified multifamily
residential projects
LEED-NC v4-certified multifamily residential
projects
LEED-HC (healthcare) v4.1-certified projects - 0.46 0.58 0.60 0.33 0.39 - [33]

- - - - - 038]31]

0.43 0.28 0.23 0.52 0.20 0.43 - [32]

It should be noted that LEED-NC v4-certified projects across all building types demonstrate
approximately average correlation coefficients when assessing the correlation between individual
LEED category scores and the overall LEED score. Thus, no studies have examined city-level LEED-
certified projects in the United States to identify the LEED certification strategies used in specific
cities.

2.3. LEED-Certified Projects and Urban—Rural Classification

According to Ingram and Franco [34], the National Center for Health Statistics’ (NCHS) six-level
urban-rural classification, presented in Table 3, is commonly used to study the relationship between
a place of residence’s level of urbanization and residents’ health status, and to monitor the health
status of urban and rural residents.

Table 3. National Center for Health Statistics’ (NCHS) urban-rural classification in the United States.

NCHS Urban-Rural Group Classification Rules
Large central ~ Counties in MSAs ! with a population of 1 million or
metro more
Metropolitan ~ Large fringe = Counties in MSAs ! with a population of 1 million or
counties metro more that do not qualify as large central metro counties

Medium metro Counties in MSAs ! with populations of 250,000-999,999
Small metro  Counties in MSAs ! with populations less than 250,000

.. Micropolitan Counties in micropolitan statistical areas
Nonmetropolita . . .
. Nonmetropolitan counties that do not qualify as
n counties Noncore . .
micropolitan

! MSAs are metropolitan statistical areas.

Smith [35], who first analyzed the distribution of LEED-certified projects the National Center for
Health Statistics (NCHS) urban-rural classification in the United States and found that these LEED-
certified projects were distributed as follows: 57.1% in “Large central metro”, 16.1% in “Large fringe
metro”, 15.6% in “Medium metro”, 7.6% in “Small metro”, 1.8% in “Micropolitan”, and 1.8% in
“Noncore”. Recently, Pushkar [36] studied LEED-EB v4-certified office projects in the United States
and showed that these projects are predominantly located in “Large central metro” counties
compared to “Large fringe metro” counties: 75.0—22.8% at the platinum level, 89.3—8.9% at the gold
level, 78.3—17.3% at the silver level, and 79.4—17.7% at the certified level. In rare cases, LEED-EB v4-
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certified office projects are found in “Medium metro”, “Small metro”, “Micropolitan”’, and
“Noncore” cities. However, when evaluating LEED-certified projects, the urban-rural classification
should be considered.

2.4. Research Gap

The 2025 studies by Ahmad et al. [17] and Pushkar [10] are the closest analogs of the current
study. Ahmad et al. [17] used both comparative analysis (i.e., comparison across nine climate zones)
and correlation analysis (i.e., correlation analysis within each of the nine climate zones) to study
LEED-NC v4-certified projects in the United States. Pushkar [10] used comparative analysis (i.e.,
comparison across six countries) to study LEED-EB v4.1 gold-certified projects in the European and
Mediterranean regions. However, a comparative analysis between US cities and a correlation analysis
between individual indicators and overall LEED performance in each US city for LEED-EB v4.1-
certified projects have not yet been conducted.

2.5. Purpose and Objectives of this Study

The purpose of this study is to reduce the environmental impact of the building sector in the
United States. The first objective of this study is to conduct a pairwise comparison of LEED-EB v4.1-
certified projects located in three US cities: San Francisco, New York City, and Washington, DC. The
second objective of this study is to conduct a correlation analysis between individual LEED
performance indicators and the overall LEED performance indicator for LEED-EB v4.1-certified
projects within San Francisco, New York City, and Washington, DC.

2.6. Novelty and Contribution

The novel contribution of this study is the identification and description of new LEED
certification strategies for LEED-EB v4.1-certified projects at the city level in the United States,
showing that the application of new knowledge by LEED professionals can significantly assist in
choosing the optimal LEED certification strategy at the city level.

3. Materials and Methods
3.1. Flow Chart of the Study Design

Figure 1 presents a step-by-step flow chart of the study design. The study design includes data
collection, data selection, and data analysis.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2422.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2025 d0i:10.20944/preprints202510.2422.v1

7 of 24
316 LEED-EB v4.1-certified office space projects across six types of urban—rural classification
201 LEED-EB v4.1 silver- and gold-certified projects in large central metro classification
A
54 LEED-EB v4.1 silver-certified projects 147 LEED-EB v4.1 gold-certified projects
1 1
I____l___l I___l___| F__l___l v V}
|
: 4LEED | : 5 LEED : : 6 LEED : 11 LEED 26 LEED 15 LEED
: projects in : : pro-jects in : : pro-jects in : projects in projects in projects in
: Atlanta and : : New York : : Washingto : San New York Washingto
. | : [ |
: San Diego | : City | | mDCo - City n, D.C.
I N I |
—_—— e —— d e d
Insufficient sample size may lead to unreliable A sufficient sample size will allow reliable
statistical conclusions. statistical conclusions to be drawn.

Figure 1. Flow chart of the study design. Boxes with dotted lines indicate sample sizes that are inappropriate for

significance tests. Boxes with solid lines indicate sample sizes appropriate for significance tests.

The data collected include 316 LEED-EB v4-certified office projects in the United States. Data
selection involved three stages. In the first stage, 201 LEED-certified projects with dominant
certification levels (“silver” and “gold”) and a dominant location in the metropolitan county (“large
central metro”) were selected. In the second stage, 54 LEED silver-certified and 147 LEED gold-
certified projects were divided into two groups. In the third phase, LEED silver-certified projects
were primarily distributed in four cities (4 projects each in Atlanta and San Diego, 5 projects in New
York City, and 6 projects in Washington, DC), while LEED gold-certified projects were primarily
distributed in three cities (11 projects in San Francisco, 26 projects in New York City, and 15 projects
in Washington, DC). Thus, office projects in San Francisco, New York City, and Washington, D.C.,
that are LEED v4.1 gold-certified were statistically analyzed using significance tests. The study design
and data collection, selection, and analysis are presented in more detail in Sections 3.2-3.5,
respectively.

3.2. Study Design

Conducting a pairwise comparison between different cities or a correlation analysis within a
single US city in terms of LEED-certified projects required the following design criteria: the cities
must be in the same country (i.e., the US) and “metropolitan county” (i.e., a “large central metro”)
and have the same LEED system (i.e., LEED-EB), LEED version (i.e., v4.1), and certification level (i.e.,
gold or silver). In this context, to obtain reliable statistical inferences, the minimum sample size
required was n1 = n2 > 10, where n1 + n2 > 23 for pairwise comparison [37] and n > 14 for correlation
analysis [38].

3.3. Data Collection

Table 4 shows that 316 LEED-EB v4.1-certified office projects were collected in the United States
[39,40]. LEED data were divided into four certification levels and six urban and rural classification
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types. LEED data showed that projects were generally gold-certified and located in medium, large
fringe, and large central metropolitan counties.

Table 4. Distribution of LEED-EB v4.1-certified office projects across six types of urban-rural classification.

5
NonmetroPo ttan Metropolitan counties
cge . counties
Certification Laree Laree
level Micropolita  Small Medium . 5 5
Noncore fringe central
n metro metro
metro metro
Certified 0 0 0 2 3 5
Silver 0 0 1 7 27 54
Gold 0 0 1 22 43 147
Platinum 0 0 0 0 1 3

3.4. Data Selection

Table 5 focused on the most popular cities in terms of LEED-EB v4.1 silver- and gold-certified
office projects. At the silver level, all five cities have sample sizes in the range of 2 to 6, which is
significantly smaller than the sample size that can be used to draw reliable statistical conclusions. At
the gold level, three cities, namely San Francisco, New York City, and Washington, DC, have sample
sizes of 11, 26, and 15, respectively, which are within the sample size range that can be used to draw
reliable statistical inferences for pairwise comparison. However, in San Francisco, the sample size is
below the minimum required to draw reliable statistical conclusions when conducting correlational
analysis. Therefore, the results of the correlation analysis for San Francisco should be treated with
caution. Two complete lists of cities with at least one LEED-EB v4.1 silver- or gold-certified projects
in one of the metropolitan counties (i.e., medium metro, large fringe metro, and large central metro)
are presented in Appendix A, Tables Al and A2.

Table 5. Distribution of LEED-EB v4.1 silver- and gold-certified office projects among most popular cities located

in “large central metro” counties.

ificati York Washi
Certification Atlanta San Diego San Francisco New' or ashington,

level City D.C

Silver 4 4 2 5 6

Gold 2 6 11 26 15

3.5. Data Analysis

In the current study, a comparative analysis of independent groups and a correlation analysis of
two variables were conducted. MATLAB 2024a was used to analyze descriptive and inferential
statistics [41].

3.5.1. Comparative Analysis of Independent Groups

Recently [10,17], it was shown that the normality assumption does not hold for LEED data. In
this context, nonparametric statistics, including the median, 25th-75th percentiles, and interquartile
range-to-median ratio (IQR/M), were used to analyze LEED data in terms of descriptive statistics.
The exact Wilcoxon-Mann-Whitney [42] and Cliff’s 0 effect size [43] tests were used to compare two
independent groups with LEED data in terms of the p-value (i.e., statistical significance) and effect
size magnitude (i.e., substantive significance), respectively.

3.5.2. Correlation Analysis of Two Variables

To determine which type of correlation (e.g., parametric Pearson’s correlation or nonparametric
Spearman’s correlation) to use to detect the relationship between two variables containing interval

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2422.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2025 d0i:10.20944/preprints202510.2422.v1

9 of 24

data, the five Gauss—-Markov assumptions (i.e., linearity in form, no correlation between residuals
and independent variables, absence of autocorrelation in residuals, homoscedasticity, and normality
in residual distribution) must be tested [44]. Linearity in form was determined by superimposing a
locally weighted scatterplot smoothing (LOESS) curve on the residuals versus fitted values plot. If
the LOESS curve is approximately clustered around the zero horizontal line, then the relationship
between the two variables is linear [45]. The results showed that the assumption of linearity in form
was met in all cases (Appendix, Figures A1-A3).

The next step was to test the remaining four Gauss-Markov assumptions. If these four
assumptions are met, then the Pearson test can be applied; if at least one of them is not met, then the
Spearman test can be applied. If judgment regarding any assumption is suspended, it is interpreted
as not met (Appendix A, Table A3).

3.5.3. Effect Size Interpretation

Table 6 shows the bounds for the effect sizes of Cliff’s 6. Cliff’s d ranges between -1 and +1.

Table 6. Cohen’s d and Cliff’s ¢ effect sizes in absolute value.

Negligible Small Medium Large Reference
101 <0.147  0.147< 151 <0.33 0.33< 151 <0.474 151 >0.474 [46]

Cohen [47] defined effect size (i.e., practical significance) as follows: a medium effect is visible
to the naked eye of an attentive observer, while a small effect is noticeably smaller than the medium
effect but not negligible, and a large effect is the same distance above the medium as a small effect is
below it. Some authors noted that effect size is not a strict criterion, especially in conditions of limited
knowledge [48,49]. In particular, the interpretation of effect sizes in the field of LEED-certified
projects requires further research.

3.5.4. Spearman’s Correlation Coefficient Interpretation

Spearman’s correlation coefficient measures the strength and direction of monotonic association
between two ranked variables [50]. A coefficient ranges from +1 to -1, where +1 indicates a perfect
positive relationship, -1 indicates a perfect negative relationship, and 0 indicates no relationship.
Table 7 shows the absolute strength of a relationship between two variables and its interpretation
using five levels of strength.

Table 7. Interpretation of the correlation coefficient in absolute value (I71).

Coefficient Very Weak = Weak Moderate  Strong Very Strong Reference
Irl 0.00-0.19  0.20-0.39  0.40-0.59 0.60-0.79  0.80-1.00 [51]

3.5.5. Median and IQR/M Interpretation

The median value of LEED-EB v4.1 performance indicators can be represented as low, medium,
and high, corresponding to the maximum possible points. IQR/M < 0.30 and IQR/M > 0.30 indicate
low and high heterogeneity/homogeneity, respectively.

3.5.6. p-Value Interpretation

The generally accepted interpretation of the p-value includes a dichotomous decision: a
significant difference when p > 0.05, or an insignificant difference when p < 0.05, assuming a
significance level of a = 0.05 [52]. However, Fisher suggested that the fixed significance level may
instead be viewed on an individual basis, dependent on specific evidence and ideas [53]. Perhaps the
precise p-value will allow other researchers to decide for themselves how important the results are
[54]. It was noted that the interpretation of the p-value should not be based on Occam’s razor [55]. It
was noted that for p-values such as 0.055 or 0.045, the solution should be more similar than different
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[56]. In this context, it has been recommended to use three-valued logic to interpret the two-sided p-
value [57,58] in combination with the effect size [59].

For comparative analysis, “it appears to be positive” indicates that there appears to be a
difference between two cities, “it appears to be negative” indicates that there does not seem to be a
difference between two cities, and “judgment is suspended” signifies that the conclusion on the
difference between two cities is suspended. For correlation analysis, “it appears to be positive”
indicates that there appears to be a correlation between individual LEED indicators and overall LEED
indicators, “it appears to be negative” suggests that there does not appear to be a correlation, and
“judgment is suspended” signifies that the conclusion is suspended.

4. Results
4.1. Comparative Analysis of LEED Project Size in LEED-Certified Projects

Table 8 shows that LEED-certified project size has high IQR/M values (1.08, 0.99, and 0.55) in
San Francisco, New York City, and Washington, D.C., respectively. New York City and Washington,
D.C,, outperform San Francisco in project size (the difference appears to be positive; p <0.001 in both
comparisons with a large effect size, 6 = 0.80 and 0.76, respectively). New York City slightly
outperforms Washington, D.C., in project size (the difference appears to be negative; p = 0.133 with a
small effect size, 6 = 0.29).

Table 8. LEED-EB v4.1-certified office project sizes in three US cities.

LEED-EB - S-an San Francisco Ne?v York
41 vold San New York Washington, Francisco vs. VS. City vs.
Y e Francisco  City D.C. New York Washington, Washington
certified i
office City D.C. , D.C.
roiects Median, 25-75th Percentiles 6 pvalue & p- p-
o (IQR/M) b value value

9,369, 45,766, 25,448,

Project size 7,912— 19,449-  21,300-
(m?) 18,054 64,824 35,343
(1.08) (0.99) (0.55)

-0.80 <0.001 -0.76 <0.001 0.29 0.133

4.2. Comparative Analysis of LEED Performance Indicators in LEED-Certified Projects
4.2.1. Transportation

Table 9 shows that “transportation” had high achievement levels (13.0, 12.0, and 12.0) and low
IOR/M values (0.13, 0.08, and 0.17) in San Francisco, New York City, and Washington, D.C,
respectively. When comparing San Francisco, New York, and Washington, D.C., in terms of
“transportation”, the difference appears to be negative with a medium effect size.

Table 9. “Transportation” of LEED-EB v4.1-certified office project in three US cities.

San San Francisco New York
M San New York Washington, Francisco vs. vs. City vs.
Perfor ' - Francisco City D.C. New York Washington, Washington
Point .
mance City D.C. , D.C.
Median, 25-75th Percentiles p- p-
-val
(IQR/M) o p-value 0 value o value
Transp 13.0, 12.2- 12.0, 12.0- 12.0, 11.0-
033 0.092 033 0.151 020 0.283
ortation 14.0 (0.13) 13.0 (0.08) 13.0 (0.17)

4.2.2. Water
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Table 10 shows that “water” had moderate achievement levels (9.0, 8.0, and 8.0) and high IQR/M
values in San Francisco (0.50) and low IQR/M values in New York City and Washington, D.C. (0.25
and 0.22, respectively). San Francisco slightly outperforms New York City and Washington, D.C., in
terms of “water” (the difference appears to be negative; p = 0.153 and 0.243, with small effect sizes, 6
=0.30 and 0.27, respectively). The difference between New York City and Washington, D.C., in terms
of “water” appears to be negative (p = 0.918 with a negligible size effect, 6 = 0.02).

Table 10. “Water” of LEED-EB v4.1 gold-certified office space projects in three US cities.

San San Francisco New York
Max San New York Washington, Francisco vs. vs. City vs.
Perfor Poiant Francisco  City D.C. New York Washington, Washington
mance City D.C. , D.C.
Median, 25-75th Percentiles p- p-
(IQR/M) o p-value o value o value
Water 15 0807 80709080, 7290 35 155 027 0243 -0.02 0918

12.5(0.50)  (0.25) (0.22)

4.2.3. Energy

Table 11 shows that “energy” had transition points between high-to-moderate achievement
levels (23.0, 20.0, and 19.0) and low IQR/M values in New York City and Washington, D.C. (0.24, 0.25,
and 0.26, respectively). San Francisco slightly outperforms New York City and Washington, D.C., in
terms of “energy” (the difference appears to be negative; p = 0.280 and 0.403 with a small effect size,
0 = 0.23 and 0.20, respectively). The difference between New York City and Washington, D.C., in
terms of “energy” appears to be negative (p = 0.877 with a negligible effect size, 6 = 0.03).

Table 11. “Energy” of LEED-EB v4.1 gold-certified office space projects in three US cities.

San San Francisco New York
M San New York Washington, Francisco vs. vs. City vs.

Perfor p iar)l(t Francisco  City D.C. New York Washington, Washington

mance OS City D.C. , D.C.

Median, 25-75th Percentiles p- p-

(IQR/M) o p-value 5 value o value

23.0, 18.5- 20.0, 18.0- 19.0, 18.0—
Energy 33 023 0280 020 0.403 -0.03 0.877

24.0 (0.24) 23.0 (0.25) 23.0 (0.26)

4.2.4. Waste

Table 12 shows that “waste” had moderate achievement levels (5.0, 5.0, and 6.0) and high IQR/M
values (0.50, 0.40, and 0.33) in San Francisco, New York City, and Washington, D.C., respectively.
Washington, D.C., slightly outperforms New York City in terms of “waste” (the difference appears
to be negative; p = 0.188 with a small effect size, 6 = 0.25). The difference between Washington, D.C.,
and San Francisco, and between San Francisco and New York City, in terms of “waste” appears to be
negative (p = 0.594 with a negligible effect size, 6 = 0.13 and p = 0.750 with a negligible effect size, 0 =
0.07, respectively).

Table 12. “Waste” of LEED-EB v4.1 gold-certified office space projects in three US cities.

Max San San Francisco New York
Perfor Point San New York Washington, Francisco vs. Vvs. City vs.
mance Francisco  City D.C. New York Washington, Washington
City D.C. ,D.C.
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Median, 25-75th Percentiles p- p-
6 p-val ) o
(IQR/M) p-vatue value value
Waste § >0 4276850,406060,50-70 o -00 13 0504 -025 0.188

(0.50) (0.40) (0.33)

4.2.5. Indoor Environmental Quality (IEQ)

Table 13 shows that “IEQ” had high achievement levels (18.0, 16.0, and 16.0) and low IQR/M
values (0.10, 0.19, and 0.11) in San Francisco, New York City, and Washington, D.C., respectively. San
Francisco significantly outperforms New York City in terms of “IEQ” (the difference appears to be
positive; p = 0.009, with a large effect size, 6 = 0.53). San Francisco lightly outperforms Washington,
D.C,, in terms of “IEQ” (the difference appears to be negative; p = 0.090, with a medium effect size, 6
= 0.38). Washington, D.C., lightly outperforms New York City, in terms of “IEQ” (the difference
appears to be negative; p = 0.283, with a small effect size, 6 = 0.20).

Table 13. “IEQ” of LEED-EB v4.1 gold-certified office space projects in three US cities.

San San Francisco New York
Max San New York Washington, Francisco vs. vs. City vs.
Perfor Point Francisco  City D.C. New York Washington, Washington
mance City D.C. , D.C.
Median, 25-75th Percentiles p- p-
(IQR/M) o p-value 5 value o value
18.0, 16.2— 16.0, 14.0- 16.0, 16.0-
IEQ 20 8.0,16 6.0,14.0- 16, 16.0 0.53 0.009 0.38 0.090 -0.20 0.283

18.0 (0.10) 17.0 (0.19) 17.8 (0.11)

4.2.6. Overall LEED

Table 14 shows that “overall LEED” significantly exceed the minimum (60.0) required to achieve
gold certification in San Francisco (69.0) and slightly exceed minimum in New York City (62.0) and
Washington, D.C. (62.0), and IQR/M showed low values (0.13, 0.11, and 0.15) in San Francisco, New
York, and Washington, DC, respectively. San Francisco significantly outperforms New York City and
Washington, D.C., in terms of “overall LEED” (p = 0.001 with a large effect size, 6 = 0.66 and p = 0.001
with a large effect size, 6 = 0.59, respectively). The difference between Washington, D.C., and New
York City in terms of “overall LEED” appears to be negative (p = 0.491 with a negligible effect size, 6
=0.13).

Table 14. “Overall LEED” of LEED-EB v4.1 gold-certified office space projects in three US cities.

San San Francisco New York
Mi San New York Washington, Francisco vs. vs. City vs.
Perfor _ .. Francisco City D.C. New York Washington, Washington
Point .
mance City D.C. , D.C.
Median, 25-75th Percentiles p- p-
-val
(IQR/M) o p-value o value 0 value
LEED 69.0, 66.0—- 62.0, 60.0- 62.0, 60.5-
’ ’ ’ 0.66 0.001 0.59 0.001 -0.13 0.491
total 74.8 (0.13) 67.0 (0.11) 69.5(0.15)

! Minimum points required to achieve gold certification level.

4.3. Analysis of the Correlation Between Overall LEED Performance and Individual LEED Performance in
LEED-Certified Projects

4.3.1. San Francisco

v

Table 15 shows that “energy”, “transportation”, and “IEQ” showed very strong or strong
positive correlations with “overall LEED” (“it appears to be positive”: ¥ = 0.81 and p = 0. 003, » = 0.69
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and p =0.018, and r = 0.61 and p = 0.049, respectively). “Water” showed a weak negative correlation
with “overall LEED” (“it appears to be negative”: r =-0.35 and p =0.294), and “waste” showed a weak
positive correlation with “overall LEED” (“it appears to be negative”: r = 0.20 and p = 0.555).

Table 15. Correlation between “overall LEED” and each of the five “individual LEED” in LEED-EB v4.1 gold-
certified office projects in San Francisco.

Country Performance r p-value
Variable 1 Variable 2
Transportation 0.69 2 0.018
Water -0.35¢? 0.294
San Francisco Overall LEED vs. Energy 0.81a 0.003
Waste 0.202 0.555

IEQ 0.61° 0.049

Notes: ® Pearson’s correlation test and ® Spearman’s correlation test.

4.3.2. New York City

Table 16 shows that the correlation between “energy” and “overall LEED” has a strong positive
correlation (“it appears to be positive”: ¥ = 0.61 and p = 0.001). Judgment is suspended due to the
moderate positive correlation between “waste” and “overall LEED” (r = 0.40 and p = 0.044,
respectively). “Transportation,” “water,” and “IEQ” showed weak correlations with “overall LEED”
(“it appears to be negative”: r = 0.34 and p = 0.093; r = 0.32 and p = 0.116; and r = 0.24 and p = 0.245,

respectively).

Table 16. Correlation between “overall LEED” and each of the five “individual LEED” in LEED-EB v4.1 gold-
certified office projects in New York.

Country Performance r p-value
Variable 1 Variable 2
Transportation 0.34° 0.093
Water 0.32° 0.116
New York City Overall LEED vs. Energy 0.61° 0.001
Waste 0.40° 0.044
IEQ 0.24° 0.245

Note: ® Spearman’s correlation test.

4.3.3. Washington, D.C.

Table 17 shows that “energy” and “waste” showed very strong or strong positive correlations
with “overall LEED” (“it appears to be positive”: r = 0.83 and p = <0.001 and r = 0.65 and p = 0.009,
respectively). “Transportation”, “water”, and “IEQ” showed weak or very weak positive correlations
with “overall LEED” (“it appears to be negative”: ¥ = 0.30 and p = 0.275; r = 0.07 and p = 0.816; and r =

0.07 and p = 0.801, respectively).

Table 17. Correlation between “overall LEED” and each of the five “individual LEED” in LEED-EB v4.1 gold-
certified office projects in Washington, D.C.

Performance

Count -val
ountty Variable 1 Variable 2 ’ prvarae
Transportation 0.30°® 0.275
. Water 0.07 0.816
Washington DC Overall LEED vs. Energy 0.83 <0.001
Waste 0.65= 0.009
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IEQ 0.07° 0.801

Notes: @ Pearson’s correlation test and ® Spearman’s correlation test.

5. Discussion

o

Table 18 shows the three-valued logic (i.e., “it appears to be positive,” “judgment suspended,”
and “it appears to be negative”) based on the exact p-value and effect size for LEED project size, five
individual LEED-EB v4.1 indicators, and “overall LEED” of LEED-EB v4.1 gold-certified projects
certified in San Francisco, New York, and Washington, D.C. The data in Table 18 are based on the
summarized results of Tables 8-14.

Table 18. Pairwise comparative analysis in project size, five main LEED-EB v4.1 indicators, and overall LEED
between three cities in terms of “it seems to be positive” (A), “judgment is suspended” (B), and “it seems to be
negative” (C).

San Francisco vs. New  San Francisco vs. New York City vs.

Indicators York City Washington, D.C. Washington, D.C.

A B C A B C A B C
Project size v v v
Transportation v v v
Water v v v
Energy v v v
Waste v v v
IEQ v v v
Overall LEED v 4 v

v This indicates that one of three decisions was made regarding the effect size and p-value.

It should be noticed that project size in San Francisco differed from project size in New York
City and Washington, D.C. Despite this difference between project size, there was no difference
between three cites (“it seems to be negative”) in five individual LEED-EB v4.1 indicators:
“transportation”, “water”, “energy”, “waste”, and “IEQ”. The only exception was in the “IEQ”
indicator, in which San Francisco outperformed New York City. As a result, San Francisco surpassed
New York and Washington in terms of overall LEED score.

According to LEED-EB v4.1 [12], four of five indicators are completely based on measurements
of their performance flows. “Transportation” indicator measures occupant-related traveled distances.
Depending on the transportation mode (convenient car or public transportation), these traveling
kilometers are then converted into CO2 emissions. The “water” indicator measures potable water
consumption for a year per resident and per unit area. The “energy” indicator measures occupants’
energy consumption during a year. Then, depending on the energy source (non-renewable or
renewable), this consumption is converted into greenhouse gas (GHG) emissions. The “waste”
indicator measures waste quantities (the total waste generated, including recycled and nonrecycled)
of plastic, glass, and paper during a year.

The fifth indicator, “IEQ”, measures CO: emissions and total volatile organic compounds
(TVOC) over a year. However, in addition, this indicator also requires conducting an occupant
satisfaction survey. The measured CO2 and TVOC, and the results of the occupant survey, are then
converted into LEED points [12]. Thus, given residents’ subjective assessment of indoor air quality,
the IEQ indicator showing that San Francisco outperformed New York City should be interpreted
with caution.

The similar results across all five individual indicators were expected, since the same type of
project (office), all located in large central metro areas, according to urban-rural classification, was
chosen for comparison across all three cities (Table 4). However, despite this similarity in all five
individual indicators, their medians in San Francisco were somewhat higher (“transportation: 13.0,
“water”: 9.0, “energy”: 23, “waste”: 5.0, and “IEQ”: 18.0 points) than the corresponding medians in
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New York City and Washington, D.C. (“transportation: 12.0, “water”: 8.0, “energy”: 20.0/19.0,
“waste”: 5.0/6.0, and “IEQ”: 16.0 points) (Tables 9-13). As a result, “overall LEED” in San Francisco
was higher (median: 69.0 points) compared to “overall LEED” in New York City and Washington,
D.C. (median: 62.0 in both sites) (Table 14).

San Francisco’s higher overall LEED score scores contrast with the much lower overall LEED
scores (median: 62-65 points) from previous research that studied projects certified under previous
LEED-EB versions (3 and 4) [60]. However, the San Francisco result aligns with the LEED-EB v4.1
gold certification results previously observed in some European countries, such as Ireland, Germany,
Italy, and Spain (median: 69.5-70.5 points) [10]. It can be supposed that the approach of measuring
all main LEED-EB v4.1 indicators has promising results due to addressing key factors such as
“transportation”, “water”, “energy”, “waste”, and “IEQ”. This contrasts with the previous LEED-EB
v4 version, where only “water” and “energy” were measurable indicators.

Table 19 shows the three-valued logic (i.e., “it appears to be positive,” “judgment suspended,”
and “it appears to be negative”) based on the exact p-value and r for correlations between each of the
five main LEED-EB v4.1 indicators and “overall LEED” for San Francisco, New York City, and
Washington, D.C. In general, it can be supposed that the correlation between individual indicators
and “overall LEED” can be explained by the availability of local green policies related to this indicator
[16].

Table 19. Frequency analysis of inferential conclusions for correlations between five main LEED-EB v4.1
indicators and overall LEED in terms of “it seems to be positive” (A), “judgment is suspended” (B), and “it seems

to be negative” (C) in three sites.

City Energy Transportatio Waste IEQ Water
A B C A B C A B C A B C A B C
San Francisco v/ v v v v
New York City v/ 4 4 v v
Washington, v v v v Y
D.C.

v This indicates that one of three decisions was made regarding the r and p-value.

The dominant significant positive correlation was noticed in all three sites between “energy”
and “overall LEED”. The correlations between “energy” and “overall LEED” have been well-
established in the literature [17,29,30,32;33]. This is due to the largest number of maximum points
allowed by this credit [17]. Regarding this indicator, San Francisco has a local energy efficiency code,
such as the Green Building Code (launched in 2008), which is connected to the LEED system; in
addition, this city prioritizes renewable energy due to the current Renewables Portfolio Standard
practiced in California since 2013 [61]. Aiming for full decarbonization, California has set a goal to
reach 90% renewable energy use by 2035 [62]. New York City follows New York State energy-related
policies that aim to reduce emissions by 40% by 2030 [63]. Since 2014, Washington, D.C., has been a
member of the Carbon Neutral Cities Alliance (CNCA) governance network, which is a pioneer of
urban “deep decarbonization” [61].

The three additional correlations were between “transportation” and “overall LEED” in San
Francisco, “waste” and “overall LEED” in Washington, D.C., and “IEQ” and “overall LEED” in San
Francisco. However, in the literature, there are few studies on the correlation between these main
LEED indicators and “overall LEED” [32]. For example, Lee et al. [64] found that a decrease in the LT
category resulted in a decrease in overall LEED scores.

Regarding the “transportation” indicator, in 2006, California launched the Global Warming
Solutions Act to reduce its GHG emissions by 40% by 2030. Transportation emissions comprise a
significant portion of total emissions. In this respect, Kim et al. [65] found that in San Francisco, CO:
emissions decreased by about 8% during 2018-2020. The authors concluded that this result stemmed
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from policy-driven changes decreasing transportation-related GHG emissions. Jin et al. [66] studied
12 major American cities in terms of their status as a 15-minute walking city and concluded that San
Francisco and New York City are the most suitable. A 15-minute travel time for daily activities
through walking, cycling, or public transit trips helps to greatly decrease CO: emissions related to
transportation.

Regarding the “waste” indicator, an increase in this indicator was correlated with “overall
LEED” only in Washington, D.C. In the US, many municipalities initiate policies to decrease solid
waste going into landfills. For example, New York City aims to send zero waste to landfills by 2030
[67]. However, Tonjes et al. [68] analyzed municipal solid waste in 2021 at 11 locations in New York
State and concluded that only 18.2% of paper—glass—metal-plastic waste was recycled. This is
reflected in the relatively low results obtained by LEED-EB v4.1-certified projects revealed in this
study.

“IEQ” is a very important indicator that improves occupants’ quality of life and increases
property value [69]. However, in our study, “IEQ” was only correlated with “overall LEED” in one
of the three cities, San Francisco. As mentioned earlier, the IEQ score depends not only on CO2 and
TVOC measurements (objective measures, 50% of IEQ score), but also on occupant satisfaction ratings
(subjective measures, 50% of IEQ score) [12]. The effectiveness of subjective assessments depends not
only on the quality of the survey design (what questions are asked) but also on how and when these
questions are asked [70]. In conclusion, it should be noted that the IEQ value may vary across projects
due to differences in subjective perception between different people in the building, despite the same
physical measurements.

6. Conclusions

The purpose of this study was to evaluate LEED-EB v4.1 gold-certified office projects in the
United States at the city level. Based on the comparative analysis between the three cities and the
correlation analysis within each city, the following conclusions were drawn:

e  Comparative analysis found that New York City and Washington, D.C., outnumbered San

Francisco in LEED-EB v4.1 project size by 4.9 and 2.7 times, respectively. Despite significant

differences in project sizes between New York City, Washington, D.C., and San Francisco, there

v V/7i

were no significant differences in four (i.e., “transportation”, “water”, “energy”, and “waste”)
of the five key indicators. San Francisco outperforms New York City in indoor environmental
quality for office projects that achieve LEED-EB v4.1 gold certification. San Francisco also
outperforms New York City and Washington, D.C,, in overall LEED scores, demonstrating the
higher environmental sustainability of LEED-certified buildings.

e  Correlation analysis found that three indicators (i.e., energy”, “transportation”, and “indoor
environmental quality”) showed a positive significant correlation with overall LEED scores in
San Francisco; two indicators (“energy” and “waster”) showed a positive significant correlation
with overall LEED scores in Washington, D.C.; and one indicator (“energy”) showed a positive
significant correlation with overall LEED scores in New York City. The fact that a wider range
of LEED-EB v4.1 key performance indicators is positively correlated with an increased overall
LEED score is associated with the higher environmental sustainability of LEED-certified

buildings.

7. Limitations

This study contains at least two limitations. The first is the small sample size, as it studied only
three cities and one LEED-EB system in the United States. The second is that LEED-certified projects
were studied without considering the associated built environment factors.

8. Future Research
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Future research could apply network analysis to LEED-certified projects to provide LEED
professionals with an effective decision-making framework for green building certification [71].

Appendix A

Table A1. LEED-EB 4.1 silver-certified office projects in the US cities (listed alphabetically).

City, US State Medium Large fringe Large central
metron metro metro
Albuquerque, New Mexico 1 0 0

Arlington, Virginia
Atlanta, Georgia
Austin, Texas
Bala Cynwyd, Pennsylvania
Bellevue, Washington
Boston, Massachusetts
Boulder, Colorado
Broomfield, Colorado
Cambridge, Massachusetts
Charlotte, North Carolina
Chelmsford, Massachusetts
Chicago, Illinois
Columbia, Maryland
Downers Grove, Illinois
Fairfax, Virginia
Falls Church, Virginia
Golden Valley, Minnesota
Hillsboro, Oregon
Houston, Texas
Indianapolis, Indiana
Jersey City, New Jersey
Littleton, Colorado
McLean, Virginia
Miami, Florida
Minneapolis, Minnesota
Morrisville, North Carolina
Nashville, Tennessee
Needham, Massachusetts
New York City, New York
Norfolk, Virginia
QOakland, California
Oregon, United States
Park Ridge, Illinois
Pinellas Park, Florida
Plainsboro, New Jersey
Quincy, Massachusetts
Raleigh, North Carolina
Reston, Virginia
Richmond, Virginia
Rosemont, Illinois
Roswell, Georgia
San Antonio, Texas
San Diego, California
San Francisco, California

O OO O O OO NODODOD OO OODODODIONODODODODODODODOD OO OO OOODOOODODO R, OOCO o oOo
O O O OO R WO NP OODODODOORrROOOOR P OOORORNRRPRORORPROOOR OO
N EA®BADNRPRPPRPOOOOO R PP DNMNNUORORPRPROORDNMNNORPFROOOOROROOORFR R, ORBKB®O
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San Jose, California 0 0 2
Santa Clara, California 0 0 2
Sarasota, Florida 1 0 0
Scottsdale, Arizona 0 0 1
Sugar Land, Texas 0 2 0
Tampa, Florida 0 0 3
Washington, D.C. 0 0 6
Weston, Florida 0 4 0
Table A2. LEED-EB 4.1 gold-certified office projects in the US cities (listed alphabetically).
City, US State Medium Large fringe Large central
metron metro metro
Alexandria, Virginia 0 2 0

Los Angeles, California
McLean, Virginia
Miami, Florida
Milwaukee, Wisconsin
Minneapolis, Minnesota
Miramar, Florida

Anaheim, California 0 0 1
Arlington, Virginia 0 2 0
Atlanta, Georgia 0 5 2
Austin, Texas 0 0 9
Baltimore, Maryland 0 0 1
Bethesda, Maryland 0 1 0
Beverly Hils, California 0 0 2
Blaine, Minnesota 0 1 0
Boca Raton, Florida 0 1 0
Boston, Massachusetts 0 0 3
Bradenton, Florida 1 0 0
Burlington, Massachusetts 0 1 0
Cambridge, Massachusetts 0 1 0
Chandler, Arizona 0 0 1
Charlotte, North Carolina 0 0 2
Chicago, Illinois 0 0 3
Cincinnati, Ohio 0 0 1
Clearwater, Florida 0 0 1
Colorado Springs, Colorado 1 0 0
Dallas, Texas 0 0 3
Decatur, Georgia 0 1 0
Denver, Colorado 0 0 4
Fairfax, Virginia 0 1 0
Franklin, Tennessee 0 1 0
Golden Valley, Minnesota 0 0 2
Greenbrae, California 0 2 0
Hillsboro, Oregon 0 1 0
Honolulu, Hawaii 1 0 0
Houston, Texas 0 0 1
Indianapolis, Indiana 0 0 2
Irving, Texas 0 0 1

Lake Mary, Florida 0 3 0
Las Vegas, Nevada 0 0 2
Lehi, Utah 6 0 0

0 0 6

0 3 0

0 0 5

0 0 1

0 0 2

0 4 0
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Morrisville, North Carolina
Mountain View, California
Needham, Massachusetts
New York City, New York
Newton, Massachusetts
Norfolk, Virginia
QOakland, California
Orlando, Florida
Palo Alto, California
Pasadena, California

o = O

N
o)}

Phoenix, Arizona
Pittsburgh, Pennsylvania
Pleasanton, California
Portland, Oregon
Raleigh, North Carolina
Reston, Virginia
Richardson, Texas
Richfield, Minnesota
Rock Hill, South Carolina
Salt Lake City, Utah
San Diego, California
San Francisco, California
San Jose, California
Sandy Springs, Georgia
Sarasota, Florida
Seattle, Washington
St. Petersburg, Florida
Sterling, Virginia

NP OFRLR NOONRFRFNRFRUDNMDNWRRO

—_
—_

Sugar Land, Texas
Tampa, Florida
Washington, DC
Watertown, Massachusetts

W O O R i O = =
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San Francisco LEED-EB v4.1 data Transportation Performance

Legend:

PY Data graph » . [ d
LOESS curve H >—=%

Water Performance Energy Performance

Waste Performance Indoor Environmental Quality Performance

Fitted values (LEED total scores) Fitted values (LEED total scores)

Figure Al. LEED-EB v4.1 gold-certified office projects in San Francisco: residuals vs. fitted values plot. The

curved line is a calculated LOESS curve, which shows the directions of the distortions from linearity.
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New York City LEED-EB v4.1 data Transportation Performance
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Figure A2. LEED-EB v4.1 gold-certified office projects in New York City: residuals vs. fitted values plot. The
curved line is a calculated LOESS curve, which shows the directions of the distortions from linearity.

Washington, D.C. LEED-EB v4.1 data Transportation Performance
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Figure A3. LEED-EB v4.1 gold-certified office projects in Washington, D.C.: residuals vs. fitted values plot. The
curved line is a calculated LOESS curve, which shows the directions of the distortions from linearity.

Table A3. p-values of the remaining four Gauss—-Markov assumptions (A1-A4).

Performance
Al A2 A3 Ad
US city Variable1 Variable 2
Traniiortah 0.576 0.269 0.758 0.525
San Overall Water 0.252 0.989 0.120 0.060
Francisco LEEDvs.  Energy 0.612 0.432 0.148 0.514
Waste 0.524 0.064 0.649 0.240
IEQ 0.026 0.040 0.099 0.850
Tra“izortatl 0.194 0.327 0.572 0.003
New York Overall Water 0.985 0.379 0.147 0.005
City LEEDvs.  Energy 0.342 0.762 0.037 0.809
Waste 0.665 0.281 0.338 0.031
IEQ 0.100 0.631 0.153 0.002
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Transportati

on 0.563 0.741 0.408 0.015

Washington Overall Water 0.440 0.432 0.632 0.032
,D.C. LEEDvs.  Energy 0.238 0.158 0.901 0.116
Waste 0.390 0.251 0.298 0.584

IEQ 0.356 0.774 0.800 0.029

Note: Al, no correlation between residuals and independent variables; A2, absence of autocorrelation in
residuals; A3, homoscedasticity; and A4, normality in residual distribution. Bold font: apparently, the Gauss—
Markov assumption does not hold; ordinal font: apparently, the Gauss—Markov assumption holds.; italic font:

judgment is suspended.
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