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s the project has become more productive, and 
participants more diverse, team leaders have been 
pondering the important question of how to organize 

the working process systematically in order to help new 
members integrate more quickly. After a series of discussions, 
it has been decided that the monthly research newsletter will 
take a thematic approach to sharing research highlights and 
knowledge with readers. The theme of November’s update is 
"outdoors.” This topic has always been central to the SC+NTU 
team because there are a wide variety of factors that impact 
changes in the outdoor environment, and effectively analyzing 
the corresponding degree of impact is a big challenge. 
Throughout the past year, the development, installation, and 
data analysis of NTU4AQ were in fact prepared for the 
analysis of small-scale outdoor environmental changes. 

Therefore, in this month’s newsletter, we would like to share 
with readers the progress towards addressing our current 
outdoor environmental issues. With regard to the 
manufacturing of sensors, we have officially transitioned from 
DIY to professional production.  For the installation of 
sensors, we have begun to expand the scope of the NTU 
campus as a field site. In terms of analysis, numerical models 
have been developed in addition to the analysis of 
observational data from NTU and neighboring communities. 
Finally, we would like to inform readers about boundary layer 
meteorology and how it is highly related to outdoor 
environmental changes. If this theme sparks your interest, 
please read on, and we hope that our readers will find the 
revised version of the newsletter enjoyable and informative.
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Daxue Li Carbon Reduction 
Competition Pre-Match Coaching 

NTU represented Taipei City in participating in the national 
"Village Carbon Reduction Action" competition. The goal of the 
competition is to encourage people to reduce carbon emissions in 
their daily lives from food consumption, clothing, housing, 
transportation, education, entertainment, and shopping. A shared 
operational logic among competitors is that sharing the 
knowledge and benefits of carbon reduction in daily life with the 
public will encourage the construction of low-carbon, sustainable 
homes. Daxue Li has spared no effort in carbon reduction 
actions. These include the promotion of resource recycling and 
urban gardens to increase environmental green space, assisting in 
the reconstruction of water canals to realize an urban blue belt, 
and organizing seminars on a variety of topics such as installation 
of shared bicycles and electric vehicle charging stations, 
environmental management, energy conservation, and disaster 
response. Additionally, the team undertook a cooperative effort to 
build a network of micro-sensors capable of presenting the 
environmental values within a neighborhood in real time, 
promote environmental science communication, and place 
universities as a role model for carbon reduction actions. The 
competition presents an opportunity for the team to showcase the 
brilliant results of their efforts. 

11/10 Arrival of Mighty Net Sensor
After several months of communication and adjustment, the 
twenty NTU4AQs produced by the trusted contractors have 
arrived! The evolution from manual methods to the 
production of NTU4AQ on a factory assembly line is an 
important step towards the mass production of the team's 
sensors in the future. We are certainly looking forward to the 
bright future possibilities that this initial cooperation with 
Mighty Net Electronics will open.!

11/08

Monthly Activities Summary
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NTU4AQ Campus Installation
Our team cooperated with Daxue Li to construct a micro-
sensor network. With the "Wenzhou Greenbelt" as the center 
point, a total of nine sensors at different locations were 
installed around it with the aim of observing the 
environmental values of the neighborhood, followed by 
analysis and discussion. An important point is that the results 
of the analysis can not only disseminated within the scientific 
community, but can also be used to give practical feedback for 
improving Daxue Li's environment. 

11/10

 Yingge Jianguoli Di Gong 
Temple Celebration
November 20, 2021was the 9th anniversary of the completion 
of the Di Gong Temple in Yingge Jianguo Li. The celebratory 
scene was quite grand and lively. There were activities such 
as chanting, puppet shows, and sticky rice balls. Our team 
was also invited by the mayor of the city to hold a 
symposium on the Yingge Jianguoli Community Air Quality 
Improvement Project on the day of the celebration in order to 
publicize our temple monitoring plan, raise awareness among 
community residents of construction progress and provide 
them with an introduction on how smart monitoring 
dashboard placed in the Di Gong Temple can keep them 
apprised of the air quality within the space. Over 100 visitors 
and volunteers participated in a lively presentation. In 
addition to the educational value of the lecture, there was also 
a prize giveaway at the end which generated an enthusiasm 
for the project that will extend beyond the event itself. This 
symposium not only promoted the concept of air quality and 
environmental monitoring to the public; it was also the first 
time that this project was introduced to the Yingge Jianguoli 
community, and where the significance of the monitoring 
actions was clearly communicated with the public.

11/20
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Achievements and Announcements

National Taiwan University Outdoor Simulation : The effect of surrounding traffic on 
PM2.5 spatial heterogeneity on NTU campus 

The heterogeneity of air pollutants within a small spatial scale has long remained an interesting research topic. With 
the support of the SC+ team, Fu Sheng, a summer intern, conducted an in-depth investigation of air quality issues on 
the NTU campus. In just two months, the PM2.5 data observed by the NTU4AQ micro-sensor was compared with the 
Guting station analysis, and GRAL was used to simulate PM2.5 emissions by transportation vehicles around the 
campus during heavy traffic, and further consider the impact of differential wind directions on PM2.5 distribution.   

According to the analysis results, the average PM2.5 at NTU's stations follows a similar trend with the PM2.5 
measured at the Guting station, as shown in Figure (1). However, there are still spatial differences among the 
measurement stations on the NTU campus. The PM2.5 spatial anomaly calculated based on the one-hour data of 
2021/4/11 23:00~24:00 is compared with the measurements on the campus. Comparison among the stations, station 
01 (the main entrance) and station 10 (the fifth male dormitory) show a positive anomaly during the observation 
period, as shown in Figure (2). The air pollution of these sites may primarily be derived from the local area, such as 
the surrounding traffic and the accumulation of emissions from nearby restaurants, and the wind flow inside the 
campus is also a factor that must be considered.  

Figure (1) The average of each NTU station (orange) and the trend change of PM2.5 at Guting station (blue)

Figure (2) 4/11 23:00-24:00 Spatial anomaly distribution on campus

SC+ Work Team intern Fu-Sheng, Kao   
SC+ Work Team Wei-Jhe, Chen assist in writing
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It was found that the impact of spatial heterogeneity is unexpectedly large, and it can be inferred that local or 
surrounding pollutants have a considerable impact on every part of the campus. Among these sources, the 
surrounding traffic may be the primary source of pollutants. Therefore, we utilized GRAL to model the emissions 
from the surrounding traffic. The modeling results are shown in Figure (3), which include the results of east wind 
(left) and westerly wind (right) models. The results also indicated that campus buildings do affect the spatial 
distribution of PM2.5. In the case of east wind, PM2.5 mainly comes from the emission of Keelung Road, while in 
the west wind case, PM2.5 comes from Roosevelt Road and Xinsheng South Road. In addition, there are more 
heterogeneous situations observed in the east wind case.  

Finally, according to the results, the traffic around the campus can indeed have an impact on the PM2.5 distribution 
on the campus. However, this effect also depends on the wind direction. It is also worth noting that in the observation 
and modeling, when the west wind signs were merged, the PM2.5 anomaly at Site 01 (main entrance) tended to be 
positive. All in all, even if we only model the impact of traffic, the main impact may still be derived from the campus 
itself or neighboring areas.  

Figure (3) GRAL modeling results of the surrounding traffic emissions under the east wind (left) and west wind (right) 
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National Taiwan University outdoor observation analysis 

In addition to simulations, the team also continued to conduct outdoor monitoring and began their analysis. Summer 
intern Xiangyou processed the hourly average temperature of all NTU4AQ stations from March 26 to July 21, and 
subtracted the temperature value of the atmospheric sciences department lawn from the average temperature value of 
all stations as the reference value for analysis and comparison. Findings showed that after subtracting the temperature 
of the atmospheric lawn, the temperature of the measuring station is mostly higher. Therefore, it can be inferred that 
the temperature of the atmospheric lawn is slightly lower than that of other parts of the campus. And taking the 
average temperature value of all measuring stations as the reference value, the trend of changes between day and night 
at each station can be identified. In addition, PM2.5 has also undergone a similar analysis, subtracting the data of 
NTU4AQ from the data of the air quality monitoring station set up by the Environmental Protection Agency in 
Guting. Findings showed that most of the time, the PM2.5 monitored by NTU4AQ on campus measured higher values 
than those of the air quality station in Guting, Figure (4). 

SC+ Work Team intern Xiang-You, Hong   
SC+ Work Team  Xin, Yang

Figure (4) The entrance of the school (No. 0001) and the stadium (0002) as examples. After subtracting the two from the data 

In addition, the cooperative monitoring project that the team has undertaken with the university has also produced 
preliminary analysis results. At present, air quality is the main focus of analysis. The data collected by nine sensors 
centered on the "Wenzhou Greenbelt" are compared with the data collected by the site at the NTU Stadium. The two 
selected locations are both residential sites where students often gather. In the data presented in the Figure (5), the 
PM2.5 data of the Wenzhou Greenbelt is subtracted from the stadium value, and it is found that all the values are 
positive. This also means that when compared to the sports ground, what we think of as the "greenbelt" actually has 
poorer air quality. In addition, the bar graph in Figure (6) shows that the PM2.5 value of the stadium is lower than that 
of Wenzhou Greenbelt. As for the wind speed, it can be found that the wind speed of Wenzhou Greenbelt is far lower 
than the wind speed of the sports field. This may also be a primary reason for the difference in air quality between the 
two.

Figure (5) Comparing the PM2.5 value of Wenzhou Greenbelt and the stadium Figure (6) Wenzhou Greenland and Stadium PM2.5 bar chart and 
wind speed timing diagram
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Science Tips
What influences the diffusion conditions in the atmosphere? Let's first understand the 

atmospheric (planetary) boundary layer 

When you click on the air quality science page on the top right of the EPA’s air quality monitoring website, you will often see the 
description of "diffusion conditions.” The better the diffusion conditions, the less likely pollutants are to accumulate.  Conditions will 
be affected by many factors, such as wind speed, atmospheric stability, height of the mixed layer, topography, wind direction, etc. How 
should we think integrally about these factors? At this time, we have to start from the atmospheric (planetary) boundary layer. The 
atmospheric boundary layer (ABL) or planetary boundary layer (PBL) refers to the description of the properties of the fluid near the 
surface. The textbook definition of boundary layer meteorology reads: "The part of the troposphere that is directly influenced by the 
presence of the earth's surface, and responds to surface forcings with a timescale of about an hour or less” (Stull, 1988).

Simply put, the atmospheric boundary layer is the area in the troposphere where friction is strongly felt (friction cannot be omitted), 
usually with a thickness of 1-2 kilometers. Since we also live in the boundary layer, the changes in the boundary layer which will affect 
the "diffusion conditions" will be felt in our daily lives. Therefore, the atmospheric boundary layer plays the role of transferring heat 
from the surface to the atmosphere and at the same time consuming the momentum of the atmosphere (through friction).  The 
thickness and general characteristics of the layer are related to ground heating, wind speed and roughness of the site, and its changes 
can usually be observed across a few hours to a few days. Figure 7 is a typical vertical schematic diagram of the atmospheric boundary 
layer, with the red line showing the average wind speed, the upper part of the figure (free atmosphere) shows that the average wind is 
geostrophic wind (for reference to the pressure gradient force and Coriolis force balance, please refer to the high school foundational 
textbooks), and in the atmospheric boundary layer, the average wind speed decreases as it approaches the surface. This is because 
when it approaches the surface, it is affected by friction (surface, buildings...) and heat (sunlight). The original stable layered wind 
produces turbulence, but the situation of vertical mixing is also present. The change of the vertical mixing degree in this boundary 
layer with time can basically be explained by Figure 8. During the day, as the sun heats the ground, the vertical mixing becomes 
obvious (imagine a miso soup that is heated and cooled and layered), so the air near the ground is likely to mix with the higher air 
(Figure 2 green). This also causes the pollutants on the ground to easily diffuse to the upper layers, which is commonly known to have 
better diffusion conditions; and at night, when the surface temperature drops, the air near the ground will become colder and heavier, 
so it  will  soon accumulate on the surface (black in Figure 8)  and is not easily mixed with higher air,  resulting in poor diffusion 
conditions. The above is simply the changes in the characteristics of the boundary layer caused by sunlight. This also explains the fact 
that we often observe higher pollutant concentrations in the data collected at night; and if there are other simultaneous factors, such 
as a weather system, wind speed... these will further affect the (upward) mixing capacity of the surface air, and also affect the vertical 
transmission direction of pollutants.

References: 

1. Stull, R. B., 1988. An Introduction to Boundary Layer Meteorology

2. Wallace, J. M. and Hobbs, P. V., 2006. Atmospheric Science: An Introductory Survey, Second Edition

SC+ Work Team Yi-Huan Hsieh

Figure (7) Schematic diagram of the boundary layer
 (Wallace and Hobbs, 2006)

Figure (8) Schematic diagram of the day and night changes of the boundary layer 
(Stull, 1988. Revised by NikNaks, From：https://commons.wikimedia.org/w/
index.php?curid=18862904)

https://commons.wikimedia.org/w/index.php?curid=18862904)
https://commons.wikimedia.org/w/index.php?curid=18862904)
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ABOUT OUR TEAM

SC+NTU Work Team

Principal Investigator: Shiuh-Shen Chien

Executive Consultant: Ming-Kung Chung; Yi-Huan Hsieh

R&D and Calibration Consultant:  Jen-Ping Chen; Ling-Jyh Chen;  Jehn-Yih Juang; Po-Hsiung Lin 

Taipei Field Consultant: Jen-Ping Chen; Jehn-Yih Juang; Po-Hsiung Lin;

                                               Chih-Hao Hsieh;  Chin-Lin Wei

THOD Consultant:  Jen-Ping Chen; Sheng-Lin Chang; Horng-Huei Liou 

Work Team: Shao-Yuan Liu; Fu-Hsiang Ching; Miao-Jung Chien; Wei-Jhe Chen;

                        Hao-Wei Liao; Cheng-En Lin; Xin Yang; Tzu-Chun Chang

The International Degree Program in Climate Change and 

Sustainable Development, as its name suggests, is an interdisciplinary 

degree program that encompasses a global perspective. Established by the 

College of Science, the program is a joint effort among NTU faculty members from both 

scientific research and humanities backgrounds. In dealing with climate change and sustainable 

development, we instrument in-depth teaching in a wide range of topics. Students are required 

to bring their knowledge and skills to the table and approach environmental issues from a multi-

angled perspective. They are encouraged to break free from traditional views on sustainability 

and think outside the box. Students are expected to be motivated learners, thinkers, analysts, 

and most important of all, practitioners. Our ultimate goal is to cultivate students' ability in 

interdisciplinary problem-solving in dealing with the complexity of climate change issues.

International Degree Program in Climate Change  
and Sustainable Development (IPCS)
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ABOUT OUR TEAM
Location Aware Sensing System (LASS)

The Location Aware Sensing System (LASS) is an important maker community in Taiwan, 

and it is also the creator of air boxes, water boxes, and other micro-sensing devices. LASS 

focuses on the integration of citizen technology and spatial information, aiming to design 

and implement an environmental sensing system with local characteristics through the 

integration of hardware and software. The community strives to promote open source and 

public welfare as the main axis, and to create customers instilled with a ‘self-creator’ spirit, 

develop low-cost environmental monitoring equipment with an open software and 

hardware architecture so that the public may build a set of sensing systems that meet their 

specific needs through a self-made process. At the same time, LASS also adopts and open 

attitude towards sensing data and allows volunteers to use environmental monitoring data 

uploaded to the cloud system by other partners in the community in order to build a real-

time monitoring network.

CONTACT US ➤ 

Wenshan Community College.  Daxue Village, Taipei City.  

Jianguo Village, Yingge Distrint New Taipei City.  Taiwan Mobile Co., Ltd

Transit-Hospital-Oriented Development(THOD) Work Team

h"ps://www.facebook.com/NTUIPCS

PARTNERS  ➤

https://www.facebook.com/NTUIPCS
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