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Michael R. Vaughn, P.E. 
Manager Research & Technical Services 

TO:  Luke Leung, Chair TC 9.12, luke.leung@som.com  
     
FROM:  Michael Vaughn, MORTS, mvaughn@ASHRAE.org   
 
CC:  Jeff Gatlin, Research Liaison 9.0, jeff.gatlin.pe@gmail.com or RL9@ashrae.net 

Lynn Werman, Research Subcommittee Chair TC 9.12, lynnwerman@yahoo.com  
    
DATE:  February 15, 2016 
 
SUBJECT: Research Topic Acceptance Request (1788-RTAR), “Ambient Outdoor Climatic 

Conditions at Various Heights near Tall / High-rise buildings” 
 
 
During their winter meeting, the Research Administration Committee (RAC) reviewed the subject 
Research Topic Acceptance Request (RTAR) and voted to reject it. The following list summarizes 
the consensus comments and questions: 
 

1. This research should be co-funded by other organizations involved with tall buildings.   
2. Why cannot the research for RTAR 1787 be combined with this RTAR? 
3. A much better case must be made to demonstrate the value of this research to ASHRAE. 

 
An RTAR evaluation sheet is attached as additional information and it provides a breakdown of 
comments and questions from individual RAC members based upon a specific review criteria. 
This should give you an idea of how your RTAR is being interpreted and understood by others 
and may suggest the need for clarification and additional revisions to the RTAR. 
 
By rejecting this RTAR, RAC is strongly suggesting to the TC that this particular topic be dropped 
from the TC research plan based on the information that has been provided. 
 
If the TC wishes to pursue this topic further, we recommend that you first review RAC’s 
comments and then discuss with your RL (Jeff Gatlin, jeff.gatlin.pe@gmail.com or 
RL9@ashrae.net) the scope and topic of the project before submitting a new RTAR. 
 
The next submission deadline for RTARs and WSs is May 15, 2016 for consideration at the 
Society’s 2016 Annual meeting. The submission deadline after that is August 15, 2016, for 
consideration at RAC’s 2016 fall meeting. 
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Project ID

Project Title

Sponsoring TC

Cost / Duration

Submission History

Classification:  Research or Technology Transfer
RAC 2016 Winter Meeting Review   

Essential Criteria Voted NO Comments & Suggestions
Background: The RTAR should describe current state of the 
art with some level of literature review that documents the 
importance/magnitude of a problem. References should be 
provided. If not, then note it in your comments.

#8, #15 #8 - Authors need to provide convincing support through literature search that such data is not available.   #15 - Not clear how this data would be used in design.  #3 - 
Fine background though there must be data showing stratification of air pollution with elevation: the Authors should carefully look into literature regarding ambient air 
pollution and examine the evidence regarding stratification of pollutants

Research Need: Based on the background provided is the 
need for additional research clearly identified? If not, then the 
RTAR should be rejected. 

#8, #15
#8- There are several variables that can affect wind speed, wind direction, wet bulb temperature, etc. How can this be generalized.  #3 - The project will only be 
applicable for high rise buildings and in case air intakes are located high. The projects is needed only if no information on stratification of ambient air pollution is 
provided. Otherwise it should be rejected

Relevance and Benefits to ASHRAE:
Evaluate whether relevance and benefits are clearly explained 
in terms of:
     a. Leading to innovations in the field of HVAC &    
Refrigeration
     b. Valuable addition to the missing information which will 
lead to new design guidelines and valuable modifications to 
handbooks and standards.
Is this research topic appropriate for ASHRAE funding? If not, 
Reject.

#8, #15, #11 #3 - It may be debatable whether the project should be supported by ASHRAE. More justification is needed.  #7 - Yes the information will also be important for natural 
ventilation strategies.   #11 - Contaminant source strengths and concentrations are incredibly site-specific, and strongly influenced by local meteorology.  It is possible 
that the "typical" very tall building will stand alone (at least not be surrounded by others at similar height), I have a gut feel that conditions will vary strongly with 
weather, time of day, and season.  On the other hand, HVAC will necessarily require design to 99% conditions, so information on (for example) particulate total loads 
would only affect expected service life of the filter.  Beyond that, every Very Tall Building is an iconic or capstone project and should have the expectation of a design 
budget that supports site-specific investigations.

Other Criteria Voted NO Comments & Suggestions
Project Objectives: Based on the background and need, 
evaluate whether the project objectives are:
1. Aligned with the need
2. Specific
3. Clear without ambiguity
4. Achievable
If not, then appropriate feedback should be provided.

#2

#2 - The RTAR does not mention about pollutant dispersion in the urban city. There are lots of works on the properties of pollutant dispersion in urban are. Lots of 
information can be obtained from such the research work. The RTAR should refer such the works.  #3 - Clear though the Authors may focus more on the impact of 
different factors on stratification of pollution such as density of buildings, location (urban/rural) etc.

Expected Approach and Budget: Is there an adequate 
description of the approach in order for RAC to be able to 
evaluate the appropriateness of the budget?  If not, then the 
RTAR should be returned for revision.
Anticipated funding level and duration:

#2 #2 - Expected Approach only show the preliminary stage.  #3 - Only 3 buildings selected. It seems too few. Also no info on climate zone that may determine the 
stratification. Budget too high for this type of work.   #7 - Sensor requirement and quality assurance of contaminant measurement should be specified when developing 
the WS. How will the three cities be selected? Will include highly polluted outdoor condition? 

References: Are the references provided?  

Decision Options

Initial 
Decision? Final Approval Conditions

ACCEPT  AS-IS              

ACCEPT W/COMMENTS                     

REJECT

ACCEPT Vote - Topic is ready for development into a work statement (WS).                                                                                              
ACCEPT W/COMMENTS Vote - Minor Revision Required - RL can approve RTAR for development into WS without going back to RAC once TC satisfies RAC's approval condition(s)  
REJECT Vote - Topic is not acceptable for the ASHRAE Research Program

IF ABOVE THREE CRITERION ARE NOT ALL SATISFIED - MARK "REJECT" BELOW & CONTINUE REVIEW BELOW

#8 - This research should be co-funded by other organizations involved with tall buildings. Why the research for RTAR 1787 cannot be combined with this RTAR?   
#15 - A much better case must be made to demonstrate the value of this research to ASHRAE.   #2 - The RTAR only describe the preliminary stage. The RTAR does 
not mention about pollutant dispersion in the urban city. There are lots of works on the properties of pollutant dispersion in urban are. Lots of information can be 
obtained from such the research work. The RTAR should refer such the works.  #3 - No collaboration with other TCs such as 2.4 or 62.1 it would be vital for them. Also 
for NV buildings the intakes should be low so what is the purpose of this work?

1788  - Carry-over to Orlando;  RL had not reviewed before submission. RAC need to vote to close out
Ambient Outdoor Climatic Conditions at Various Heights
Near Tall/ High rise buildings 

TC 9.12 (Tall Buildings)

 $100,000 / 16M

1st Submission  

Technology Transfer
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TO:  Luke Leung, Chair TC 9.12, luke.leung@som.com  
  Lynn Werman, Research Subcommittee Chair TC 9.12, lynnwerman@yahoo.com 
 
FROM:  Michael Vaughn, MORTS, mvaughn@ashrae.org  
 
CC:  Jeff Gatlin, Research Liaison 9.0, jeff@gatlin.pe@gmail.com 
 
DATE:  November 20, 2015 
 
SUBJECT: Research Topic Acceptance Request (1788-RTAR), Ambient Outdoor Climatic 
  Conditions at Various Heights near Tall/High-rise Buildings 
 
 
We apologize, but the Research Administration Committee (RAC) was not able to review as a 
group the subject Research Topic Acceptance Request (RTAR) due to the high number of RTARs 
that were submitted this year for our fall meeting. 
 
Your RTAR is now scheduled to be one of the first two RTARs reviewed at RAC’s next meeting, 
which will be held at the ASHRAE Winter Meeting Conference in Orlando, Florida. 
 
An RTAR evaluation sheet is attached as additional information and it provides a breakdown of 
comments and questions from individual RAC members prior to a group discussion of your RTAR 
based upon a specific review criteria used for review. This should give you an idea of how your 
RTAR is being interpreted and understood by others. Some of these comments may indicate areas 
of the RTAR and subsequent WS where readers require additional information or rewording for 
clarification. 
 
All RTAR submissions require the approval of your Research Liaison, Jeff Gatlin, RL9@ashrae.net, 
prior to submitting it to the Manager of Research and Technical Services for consideration by 
RAC. 
 
If you wish to update your RTAR submission to some degree prior to the Orlando meeting, the 
submission deadline for this updated RTAR or a response letter is December 15, 2015. 
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Project ID

Project Title

Sponsoring TC

Cost / Duration

Submission History

Classification:  Research or Technology Transfer

RAC 2015 Fall Meeting Review   

Essential Criteria Voted NO Comments & Suggestions

Background: The RTAR should describe current state of the 

art with some level of literature review that documents the 

importance/magnitude of a problem. References should be 

provided. If not, then note it in your comments.

4, 11 4 - Authors need to provide convincing support through literature search that such data is not available.   11 - Not clear how this data would be used in design.  6 - Fine 

background though there must be data showing stratification of air pollution with elevation: the Authors should carefully look into literature regarding ambient air 

pollution and examine the evidence regarding stratification of pollutants

Research Need: Based on the background provided is the 

need for additional research clearly identified? If not, then the 

RTAR should be rejected. 
4, 11

4 - There are several variables that can affect strafification - wind speed, wind direction, wet bulb temperature, etc. How can this be generalized.  6 - The project will 

only be applicable for high rise buildings and in cases where air intakes are located high. The project is needed only if no information on stratification of ambient air 

pollution is provided. Otherwise it should be rejected

Relevance and Benefits to ASHRAE:

Evaluate whether relevance and benefits are clearly explained 

in terms of:

     a. Leading to innovations in the field of HVAC &    

Refrigeration

     b. Valuable addition to the missing information which will 

lead to new design guidelines and valuable modifications to 

handbooks and standards.

Is this research topic appropriate for ASHRAE funding? If not, 

Reject.

4, 11, 9 6 - It may be debatable whether the project should be supported by ASHRAE. More justification is needed.  14 - Yes, the information will also be important for natural 

ventilation strategies.   9 - Contaminant source strengths and concentrations are incredibly site-specific, and strongly influenced by local meteorology.  It is possible 

that the "typical" very tall building will stand alone (at least not be surrounded by others at similar height), I have a gut feeling that conditions will vary strongly with 

weather, time of day, and season.  On the other hand, HVAC will necessarily require design to 99% conditions, so information on (for example) particulate total loads 

would only affect expected service life of the filter.  Beyond that, every Very Tall Building is an iconic or capstone project and should have the expectation of a design 

budget that supports site-specific investigations.

Other Criteria Voted NO Comments & Suggestions

Project Objectives: Based on the background and need, 

evaluate whether the project objectives are:

1. Aligned with the need

2. Specific

3. Clear without ambiguity

4. Achievable

If not, then appropriate feedback should be provided.

5

5 - The RTAR does not mention pollutant dispersion in an urban city. There are lots of works on the properties of pollutant dispersion in urban areas. Lots of 

information can be obtained from such research work. The RTAR should refer to such the works.  6 - Clear though the Authors may focus more on the impact of 

different factors on stratification of pollution such as density of buildings, location (urban/rural) etc.

Expected Approach and Budget: Is there an adequate 

description of the approach in order for RAC to be able to 

evaluate the appropriateness of the budget?  If not, then the 

RTAR should be returned for revision.

Anticipated funding level and duration:

5 5 - Expected Approach only shows the preliminary stage.  6 - Only 3 buildings selected;  this seems too few. Also, no information on climate zone that may help 

determine the stratification. Budget appears to be too high for this type of work.   14 - Sensor requirement and quality assurance of contaminant measurement should 

be specified when developing the WS. How will the three cities be selected? Will project include a highly polluted outdoor condition? 

References: Are the references provided?  

Decision Options

Initial 

Decision? Final Approval Conditions

ACCEPT  AS-IS              13

ACCEPT W/COMMENTS                     14

REJECT 4, 11, 5, 6, 9

ACCEPT Vote - Topic is ready for development into a work statement (WS).                                                                                              

ACCEPT W/COMMENTS Vote - Minor Revision Required - RL can approve RTAR for development into WS without going back to RAC once TC satisfies RAC's approval condition(s)  

REJECT Vote - Topic is not acceptable for the ASHRAE Research Program

IF ABOVE THREE CRITERION ARE NOT ALL SATISFIED - MARK "REJECT" BELOW & CONTINUE REVIEW BELOW

4 - This research should be co-funded by other organizations involved with tall buildings. Why cannot the research for RTAR 1787 be combined with this RTAR?   11 - 

A much better case must be made to demonstrate the value of this research to ASHRAE.   5 - The RTAR only describes the preliminary stage. The RTAR does not 

mention pollutant dispersion in the urban city. There are lots of works on the properties of pollutant dispersion in urban areas. Lots of information can be obtained from 

such research work. The RTAR should refer to such works.  6 - No collaboration with other TCs such as 2.4 or 62.1.  This research would be vital for them too. Also, for 

naturally ventilated (NV) buildings, the intakes should be low, so what is the purpose of this work?

1788  - Carry-over to Orlando
Ambient Outdoor Climatic Conditions at Various Heights

Near Tall/ High rise buildings 

TC 9.12 (Tall Buildings)

 $100,000 / 16M

1st Submission  

Technology Transfer



Research Topic Acceptance Request Cover Sheet   Date:   
             
(Please Check to Insure the Following Information is in the Work Statement )       
A. Title         Title:         
B. Applicability to ASHRAE Research Strategic Plan              
C. Application of the Results                  
D. State-of-the-Art  (background)                
E. Advancement to State-of-the-Art           
F. Justification and Value to ASHRAE      RTAR#         
G. Objective              (To be assigned by MORTS) 

  

  

  

H. Estimated Duration                   
I.   References            
        Results of this Project will affect the following Handbook Chapters, 
        Special Publications, etc.: 
                
                  
                   
                
              
                   
             
                          
             
Responsible TC/TG:  

  

  Date of  Vote:   
             
 For      Co-sponsoring TC/TG/MTG/SSPCs (give vote and date): 
 Against   *       

  

  

  

 Abstaining  *      

  

  

  

 Absent or not returning Ballot *       

  

  

  

 Total Voting Members      
          
RTAR Lead Author:          
Expected Work Statement Lead Author: 

  

  

  

     Potential Co-funders (organization, contact person information):  
                  
Research Classification: 

  

              
       Basic/Applied Research 

  

  

            

  
       Advanced Concepts 

  

  

           
       Technology Transfer 

  

  

           
   
    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

       
        Yes  No   
Has an electronic copy been furnished to the MORTS?           
Has the Research Liaison reviewed the RTAR?           
             
*   Reasons for negative vote(s) and abstentions         
        

 

  



DRAFT RTAR Template 

Title: _________________________________________________________ 

Summary 

 

 

 

 

 

 

Background 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Provide the state of the art with key references (at the end of this document) substantiating it (300 
words maximum) 

Describe in summary form the proposed research topic, including what is proposed, why this research 
is important, how it will be conducted, and why ASHRAE should fund it (50 words maximum) 

 



Research Need 

 

250 words 

 

 

 

 

 

 

 

 

 

Project Objectives 

 

 

 

 

 

 

 

 

 

 

 

 

Use the state of the art described above as a basis to specify the need for the proposed effort (250 
words maximum) 

Based on the identified research need(s), specify the objectives of the solicited effort that will address 
all or part of these needs (150 words maximum) 



Expected Approach 

 

 

 

 

 

 

 

 

Relevance and Benefits to ASHRAE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Proposed Budget and Duration: 

 

Describe in a manner that may be used for assessment of project viability, cost, and duration, the
  

 
approach that is expected to achieve the proposed objectives (200 words maximum).

Check all that apply: Lab testing (  ), Computations (  ), Surveys (  ), Field tests (  ), Analyses and modeling 
(  ), Validation efforts (  ), Other (specify) (  ) 

 

Describe why this effort is of specific interest to ASHRAE, its impact, and how it will benefit ASHRAE and 
the society.  How does it align with ASHRAE Strategic Plans and Initiatives?  How does it advance the 
state of the art in this area in general?  Are there other stakeholders that should be approached to 
obtain relevant information or co-funding? (350 words maximum) 



Anticipated Funding Level and Duration 

 

References 

 List the key references cited in this RTAR 

Funding Amount Range: $______ 

Duration in Months: ______ 
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	Date: 8/12/2015
	Check BoxA: Yes
	Check BoxB: Yes
	Check BoxC: Yes
	Check BoxD: Yes
	Check BoxE: Yes
	Check BoxF: Yes
	Check BoxG: Yes
	Check BoxH: Yes
	Check BoxI: Yes
	RTAR Title: Contaminant Variation and Outdoor Ambient Quality at various heights near tall/ high rise buildings
	RTAR #: 1788    
	Responsible TCTG: 9.12
	Date of Vote: 8/19/2015
	Special Publications: 
	Text1: 12
	Text2: 0
	Text3: 0
	Text4: 0
	Co-Sponsoring TC/TG/MTG/SSPC: TC 4.2, 4.3, 4.7 (expressed interest, not voted yet)
	Text5: 12
	RTAR Lead Author: Josephine Lau
	Work Statement Lead Author: Stephen Ray
	Check BoxJ: Yes
	Check BoxK: Yes
	Check BoxL: 
	Potential Co-Funders: 
	Check Box4: Yes
	Check Box5: Yes
	Check Box6: 
	Check Box7: Off
	Reason for Negative Votes: 
	Title: Contaminant Variation and Outdoor Ambient Quality at various heights near tall/ high rise buildings
	Describe in summary form the proposed research topic including what is proposed why this research is important how it will be conducted and why ASHRAE should fund it 50 words maximum: This project will measure the contaminant variation with elevations. Current ambient contaminant information are mostly near grade,proper contaminant data is required to inform the outdoor intake location, natural ventilation, filtering, and wellness aspects of tall building design
	Provide the state of the art with key references at the end of this document substantiating it 300 words maximum: Outdoor contaminants (both gas phase and particulate) come into indoors through doors, windows, building envelope leakages, and by mechanical ventilation systems. Therefore, understanding the vertical profiles and dynamics of contaminants around the buildings is a critical step of reducing the particles and contaminants transferred from outdoor to indoor spaces. This type of information will facilitate effective implementation of ventilation strategies, improved assessment of the impact of infiltration, and proper locations for outdoor air inlets for minimizing the intake of outdoor pollutants into buildings.There are limited studies about the characteristics of outdoor air quality including the temporal and spatial distributions for tall buildings. For a low-rise building environment, ambient air quality monitoring data are readily available for cities in most developed countries. However, in the urban high-rise building environment, most of the ambient air quality monitoring data are near ground level only. However, the outdoor air pollutants distribution in high-rise urban environment is affected by the vehicle emission, traffic volume and other outdoor pollution sources, the landscaping near the buildings, meteorological and wind conditions, and buoyancy flows induced by the higher temperature of the surfaces of buildings, as well as the new particle formation in the urban atmosphere, etc. (Quang et al 2012) It is generally suspected higher elevations in an urban environment have cleaner air, as reflected by reductions in PM 2.5, PM 10, Carbon Monoxide, Carbon Dioxide, Nitrogen Oxide and Sulfur Oxide (Tsui and Li 2006, Horvath et al. 1988, Rubino et al. 1998, Chan and Kwok 2000). This effect may be due to the diurnal movement of the boundary layer (Website), since sources of the contaminants are mostly generated at ground level, except Ozone. However, there are also a few inconsistent studies that discovered particle mass concentration decrease up to certain height then remaining constant. (Chen and Mao 1998; Bullin et al. 1985) Another case study, Kalaiarasan et al. (2009) found that the concentrations of PM 2.5 were the highest at the mid-floors when compared to those measured at the upper-floors as well as lower-floors due to the trees and vegetation near the lower level along the street.Besides, there is no design tool available for predicting the outdoor contaminant under different seasonal and daily climate cycles.
	Use the state of the art described above as a basis to specify the need for the proposed effort 250 words maximum: Moreover, a lot of the above studies are carried out for buildings below 100 meters and meteorological and wind conditions were missing in some of these studies (Tsui and Li 2006). The vertical profiles of different contaminants and their interaction with the temperature profile for taller building are still not clearly understood. Therefore, more field studies for high-rise building are needed in order to provide more information for modeling urban canyon particle concentration and profiles and other gas phase contaminant. This proposed study will provide detail vertical profiles at different climates and outdoor meteorological conditions, which will be useful for the mechanical engineers to properly justify their selection of outdoor air inlets as well as filtration systems for new building designs or retrofits .  With better understanding on the vertical profiles, concentrations and dynamics of particles and contaminant near the buildings, design engineers can better locate the optimal position for outdoor air intakes to reduce indoor contaminants that were penetrated from outdoor.
	Based on the identified research needs specify the objectives of the solicited effort that will address all or part of these needs 150 words maximum: 1) To understand the variation contaminant of different contaminants along high-rise buildings in a city, including Carbon Monoxide, Carbon Dioxide, PM 10, PM 2.5, Ozone, Nitrogen Oxide and Sulfur Oxide.2) To create a profile for the measured contaminants for design purpose for high-rise buildings under different seasons, traffic conditions and outdoor conditions
	Check BoxR: 
	Check BoxV: Yes
	Check BoxT: Yes
	Check BoxS: Off
	Check BoxQ: 
	Check BoxU: 
	Describe in a manner that may be used for assessment of project viability cost and duration the approach that is expected to achieve the proposed objectives 200 words maximum Check all that apply Lab testing   Computations    Surveys   Field tests   Analyses and modeling   Validation efforts   Other specify: Three (3) buildings with over 200 m height will be identified in urban with 4 seasonal climates. With the supports from the buildingowner, measurements will be taken continuously to generate hourly data. Three (3) different elevations are targeted to locate sensorsin each tower at grade, mid-level and roof. This can provide data points to understand the relationships between climatic factor andelevations. A tower with roofs at different elevations is preferred, so the ambient conditions are better measured. In absence of that,four (4) specific locations are required in each elevations to understand the leeward and windward side differencesPhase 1: Measurements will be continuously taken that can be generated into a hour-by-hour data that can feed into an EPW file forenergy calculation. PM 10, PM 2.5, Ozone, Carbon Dioxide, Carbon Monoxide, Nitrogen Oxide and Sulfur Oxide.Phase 2: It is anticipated a public institution, e.g. government, university etc. will be part of the team to collect multiples years of dataafter the first year
	Describe why this effort is of specific interest to ASHRAE its impact and how it will benefit ASHRAE and the society How does it align with ASHRAE Strategic Plans and Initiatives How does it advance the state of the art in this area in general Are there other stakeholders that should be approached to obtain relevant information or cofunding 350 words maximum: The proposed project will support the following specific goals of the ASHRAE strategic plan of 2010-2015:• Goal 2 – Progress toward Advanced Energy Design Guides (AEDG) and cost-effective net-zero-energy (NZE) buildings.• Goal 7 – Support development of tools, procedures and methods suitable for designing low-energy buildingsAs listed under Goal 2 of Strategic Plan, variability in building loads is not well characterized. Since the outdoor conditions vary significantly at higher altitude as comparing to ground level, one (fixed) outdoor design is not sufficient for improving the overall energy performance and indoor environmental quality.This proposed research will provide information for whole building simulation for natural and hybrid ventilation systems and innovative designs in tall building for proper tools and procedures development.With better understanding on the vertical profiles, concentrations and dynamics of particles and contaminant near the buildings, design engineer can locate the optimal position for outdoor air intakes to reduce indoor contaminants that were penetrated from outdoor.The result of this project could be included in the •ASHRAE handbook Fundamentals – Chapter Title: Climate Design Information •ASHRAE Standard 62.1 – for fresh air intake location.•ANSI/ASHRAE/IESNA 90.1-2010 Energy Standard The results of this proposed work will be useful as guidance for ASHRAE handbook, ASHRAE Standards 62.1 and 90.1, design engineers, and the decision-making process of utility companies.
	undefined: 150,000
	undefined_2: 18
	List the key references cited in this RTAR: Bullin, J. A., Bower, S. C., Hinz, M., and Moe, R. D.(1985) “Aerosols near urban street intersections”, Journal of Air Pollution Control Association, 35, 355–358.Chan, L. Y. and Kwok, W. S.(2000) “Vertical dispersion of suspended particulates in urban area of Hong Kong”, Atmospheric Environment, 34, 4403-4412Chen, M. L. and Mao, I. F. (1998) “Spatial variations of airborne particles in metropolitan Taipei”, Science of the Total Environment, 209, 225–231.Hitchins, J., Morawska, L., Gilbert, D., and Jamriska, M. (2002) “Dispersion of particles from vehicle emissions around high- and low-rise buildings”, Indoor Air, 12, 64-71.Horvath, H., Kreiner, I., Norek, C., Preining, O., and Georgi, B. (1988) “Diesel emissions in Vienna”, Atmospheric Environment, Vol. 22, 1255–1269.Kalaiarasan, M., Balasubramanian, R., Cheong, K. W. D., and Tham, K. W.(2009) “Traffic-generated airborne particles in naturally ventilated multi-storey residential buildings of Singapore: Vertical distribution and potential health risks, Building and Environment, 44, 1493–1500.Li, X. L., Wang, J. S., Tu, X. D., Liu, W., and Huang, Z.(2007) “Vertical variations of particle number concentration and size distribution in a street canyon in Shanghai, China”, Science of the Total Environment, 378, 306-316.Quang, T.N., He, C., Morawska, L., Knibbs, L.D., and Falk, M. (2012) “Vertical particle concentration profiles around urban office buildings”, Atmospheric Chemistry and Physics, 12, 5017-5030.Rubino, F. M., Floridia, L., Tavazzani, M., Fustinoni, S., Giampiccolo, R., and Colombi, A. (1998) “Height profile of some air quality markers in the urban atmosphere surrounding a 100 m tower building ”, Atmospheric Environment., 32, 3569-3580.Tsui, KC. and Li, Y. (2006) “Near-building Vertical concentration profile of air pollutants in a densely populated and high-rise urban environment” Proceedings of Healthy Building 2006.Website resource on “Atmospheric Boundary Layer”: http://www.met.rdg.ac.uk/~swrhgnrj/teaching/MT36E/MT36E_BL_lecture_notes.pdf.


