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he MAPS6 miniature sensor has always been a 
research tool to which the SC+ team attaches great 
importance. Lightweight and mobile, it can inform a 

variety of perspectives that drive citizen participation, and at 
the same time, it can obtain higher spatial and temporal 
resolution to facilitate analysis at different scales. This issue 
will introduce the various research projects carried out by the 
team members using the MAPS6 sensor, including the 
research highlights of two summer interns. The topics are 
mobile monitoring of air quality in Xinyi District, and spatial 
representation of micro-sensors in complex environments. 
The research endeavors to analyze the tourism comfort of the 
Xinyi business district through actual measurement, and 
compare the differences between MAPS6 and reference 

stations under different environments through 
experimentation. Finally, the Comfort + Common Sense 
section will introduce the relationship between urban 
structure and air quality. If you wish to know more about it, 
please read on!
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Wenshan College Press Conference   

Wenshan Community College is committed to the creation and 
development of the community environment. This time, 
Wenshan Society University was invited by the United Daily 
News Group Vision Project engineering team to publish a 
special report on these developments. Record-breaking high 
temperatures continue to occur in Taipei City. The Wenshan 
Community College leads community residents to measure the 
temperature in parks, green spaces, sidewalks, and stores, and 
draws a community "cool map" —a route and summer resort 
where people can adjust to the high temperature. Zheng Hsiu 
Zhuan (Principal of Wenshan College) emphasized, "Climate 
change sounds far away from us, but as a community we are 
not powerless." SC+ used the previous experience of 
deploying micro-sensors in universities to detect numerical 
values and found that the temperature of the green space is 0.5 
degrees lower than that of the adjacent block. The disclosure 
of this data has increased citizen support for community 
greening. It is hoped that this model will be extended to other 
neighborhoods, thereby promoting greening activities and 
climate action within the community. 

Monthly Activities Summary

10/05

Picture (1) Left: Zheng Hsiu-Zhuan, Principal of Wenshan 
Community University; Right: Chief of Ming-Hsing Village-
Yan Jian-Min 

Photo (2) Zhong Mingguang, Adjunct Assistant Professor of the 
Program of Climate Change and Sustainable Development, said 
that urbanites should pay more attention to climate governance 
and climate action to avoid the deterioration of their living 
environment. 

Reference: 
Urban Climate Refugees/Wenshan Community Prepares for Extreme 
Climate; Climate Governance Begins with Citizens 
https://udn.com/news/story/7266/6719136 

https://udn.com/news/story/7266/6719136
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10/13NTU Power Analysis Project 
Progress Meeting   

The electricity consumption analysis project of National 
Taiwan University in cooperation with Mr. Kong Lingjie from 
the Department of Assets Management has been ongoing. At 
this meeting, we used the regression analysis method to 
evaluate the impact of various parameters on the electricity 
consumption of various NTU buildings during the epidemic, 
and define parameters such as "temperature", "whether it is a 
working day" and "whether to implement distance learning" 
The impact of this has a greater impact on the power 
consumption of the analyzed buildings. Then, considering the 
gradually rising temperature parameters due to climate change, 
the estimated model developed above is used to predict the 
electricity consumption of each building in the NTU campus 
during the coming year, creating a useful reference for 
electricity control and management.climate action within the 
community. 

10/18 Uganda Work Conference   

The continuous deepening of the rural kitchen air pollution 
monitoring program in Uganda requires more detailed 
monitoring of kitchen air pollution. In Uganda, due to the 
limitation of supplying stable power to the air sensor, it takes 
considerable human resources to replace the battery to keep the 
air quality sensor running for 12 hours. A consensus was 
reached at the meeting, to create a short-term and long-term 
power supply plan to allow the organization to have better 
flexibility and reduce the labor burden for power maintenance. 
Therefore, we will also look for locally available materials 
within NTU that can be used to expand battery types and 
battery life. A goal of testing improvements at NTU is to find a 
power supply solution that can last for about a week can be 
produced through local collaboration through remote 
communication. The long-term plan is to use the power supply 
of solar panels to provide power for sensors in a safe and 
affordable fashion, and to support further experimental designs 
of the Love Binti Women Empowerment Project directed 
toward local air quality. 
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Achievements and Announcements

Air Box Social Movement:  
Discussion on Travel Comfort of Mobile Air Quality Monitoring in Xinyi Commercial District 

According to the statistical data of the Far Eastern Magazine, the most crowded times in business districts in the 
Greater Taipei Metropolitan Area are from afternoon to evening, and the Xinyi Commercial District is the largest 
among them. However, people seem to pay less attention to the surrounding air quality when shopping. With the 
large number of people and vehicles in the Xinyi commercial district, it is also worth exploring whether there are 
some road sections with better environmental quality to make shopping healthier and more comfortable; these are 
the main problems that contributed to the topic of this research. Through mobile monitoring, the air quality of 
different road sections can be measured and analyzed. Therefore, this study explores the concentration distribution 
of PM2.5 in the main road sections of Xinyi commercial district from the perspective of tourists and consumers. 

Research questions: 

• Are there road sections with relatively high PM2.5 concentrations within Xinyi Commercial District? 
• Does the concentration of PM2.5 in each road section of Xinyi Commercial District meet the air quality 

standards of Taiwan and the European Union? 
• Is there a shopping path with a better environment in Xinyi Commercial District? 
• In terms of air quality, is there anything that can be improved in the business district planning? 

Using the MAPS6 device fixed around person’s waist, the time resolution is 1 record per minute. Strava is used to 
record the movement path, and by means of mobile monitoring, measurments are taken during the peak time of 
crowds around 4:00 pm to the end of the peak dinner time at 7:00 pm. In this area, walking in the Xinyi commercial 
district, we focus on monitoring the air quality and environmental indicators, and plot the measured data on QGIS as 
a visual presentation of the air quality in the Xinyi commercial district. Subsequent analysis is then conducted and 
used to put forward suggestions. 
We initially conducted mobile monitoring of the air quality in the Xinyi business district on August 1. We measured 
the highest concentration of PM2.5 at the intersection of Songzhi Road and Songlian Road. Therefore, the second 
mobile monitoring on August 15 hoped to confirm the initial findings. It is indeed the place where PM2.5 is highest 
during this time period; with the next task being to find out why. 
The second mobile monitoring was conducted from 16:33:55 to 18:43:36 on August 15, wearing a MAPS6 sensor 
around the waist to measure the air quality in the Xinyi business district. The route started from Zhongxiao East 
Road MRT station, City Hall Station Exit, and proceeded on foot through the pedestrian area of Xinyi Commercial 
District, then turned to Songlian Road, Songzhi Road, and finally turned back to Zhongxiao East Road, forming a 
clockwise circle route that was traversed a total of six times. According to the measured data, the average value of 
PM2.5 monitored that day was 1.546283, which is not high, and even lower than the background value of PM2.5 in 
Taipei City that day which was 8. Therefore, it is worth paying attention to the several individual places that did 
register high PM2.5 concentrations. 

 SC+ Work Team intern Hao-Wei Hou  
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According to the statistical data of PM2.5 concentrations on that day, the top three places with higher PM2.5 are 
along Songzhi Road and Songlian Road. The main reasons may be smoking areas, restaurant exhaust outlets, 
parking lots, and public bus rush hour. 

Figure (1)Application of PM2.5 data in Xinyi District to QGIS (Monday, 8/15)
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Figure (2)

In this study, the results of mobile monitoring in different circles were analyzed in order to explore the reasons for 
the high concentration of PM2.5. For different circles, the point with relatively high concentration each time will 
be somewhat different due to the current environmental factors at the time of monitoring. In addition to finding 
out the reasons for the high concentration this time, it can also be confirmed that the main road section with a 
fixed high concentration is Songzhi Road, Songlian Road. On-site photos were also taken for analysis in each circle.

Results Analysis and Suggestions:

• The road sections with higher PM2.5 concentrations in the six comprehensive circles are Songzhi Road, Lane 22, 
Section 5, Zhongxiao East Road (Eslite Xinyi Store, Shin Kong Mitsukoshi A4, Breeze Xinyi), and Songlian Road. 
The possible reasons are car exhaust from the road and parking lot (peak traffic flow is large), restaurant exhaust, 
and smoking areas (cigarette odor is quite strong). Mobile monitoring on 8/15 also confirmed the concentration 
peak locations identified previously on 8/1

• Around 19:00 Songzhi Road and Songlian Road both had the highest monitoring values of the day, which may be 
related to the rush of buses leaving at 19:00 and exhaust gas from restaurants

• The higher PM2.5 in the pedestrian walking area is the square surrounded by Shinkong Mitsukoshi A8, A9, A11, 
and Breeze Song Gao. The possible reason is that the location and planning of the square cause the wind to 
gather pollutants from the surrounding areas (the square was not very windy during monitoring) ). However, the 
overall PM2.5 concentration in the hiking area is still lower than that of Songzhi Road

• Taiwan’s PM2.5 standard is 35 micrograms/cubic meter, while the EU standard is 25 micrograms/cubic meter. 
Judging from mobile monitoring in Xinyi District, both are lower than the Taiwan standard. In accordance with 
EU standards, attention should be paid to the impact on health.

• It is suggested that the public can walk in the pedestrian area instead of Songzhi Road. It is also recommended 
that the government and businesses take into consideration careful planning for smoking areas and exhaust 
emissions in sightseeing areas. In addition to avoiding the accumulation of pollutants in closed and narrow 
spaces, they should also try to avoid those places where tourists crowd.
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Several NTU4AQ and MAPS6 sensors were erected on campus during the implementation of the NTU System 
Comfort Plan. Due to installation requirements and measurement limitations, the installation of sensors on the campus 
or in the community of nearby universities is limited by the existing position of street lamps and utility poles. This 
limitation will further affect the deviation value of the measurement data of the sensors. In this study, the ambient 
temperature is taken as an example, where the data of the microsensor (MAPS6) and Davis and the atmospheric system 
are corrected, with the experiment of placing it in the sun and shadow at the same time being carried out. The results 
show that even in the same air mass, the temperature value of MAPS directly affected by direct sunlight is between 
3.06 and 5.04 degrees Celsius, and the MAPS exposed to sunlight in shaded places is also about 2.06 to 2.74 degrees 
Celsius higher than the reference value. 

The study was designed based on the theoretical basis of the following temperature equation: 

T measurement = T air + T internal heat dissipation + T mechanism surface 

From left to right the data measured by MAPS6 is shown: the actual temperature of the air in the area (according to 
Davis or the atmospheric system measuring station), the temperature rise in the sensor due to heat dissipation during 
operation, and the values affected by direct sunlight on the surface of the mechanism. 

Research methods 

Experiment 1: In order to understand the difference between simple shadow and sunlight, the experiment lasted about 8 
hours on the top floor of the Total Transformation Center on 2022/08/18, with the data processing and analysis being 
modularized through python. However, there were uncertain factors during the experiment such as rainfall, so rainfall 
data was removed, temperature set to 0, data collected at night, and finally the average value was obtained and the data 
was re-processed. Experiment 2: To compare the difference between the shade under the tree and the sunlight, the 
experiment was conducted for about 8 hours on the top floor of the Total Transformation Center on 2022/08/24. 

Figure(1) Simple shadow and sunlight in experiment 1

Spatial Representation of Microsensors in Complex Environments

   SC+ Work Team intern Zi-Yi Wei 

Figure(2)Shadow and sunlight under trees in experiment 2
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Figure (4)

Figure (3)

According to the results of Experiment 1, the average value was taken on August 18, 2022. Due to the 
influence of the unfixed shadow position and the data under the sun are similar to those under the shadow. 
The temperature difference between MAPS directly exposed to sunlight and the reference value from Davis 
is 5.04 degrees Celsius, while the MAPS temperature difference between the shadow and the reference 
atmospheric station is 2.74 degrees Celsius.

2022/08/24 Confirmed the unstable value of tree shade, removed the unstable value at the initial stage of erection, 
and took MAPS24 and MAPS27 as representatives. The temperature difference between MAPS in direct sunlight 
and the Davis reference value is 3.06 degrees Celsius, while the temperature difference between MAPS under the 
shade of trees and the Davis reference value is 2.06 degrees Celsius.
According to the above research results, the following three main conclusions can be drawn:

1) The miniature sensor not exposed to the sun is at least 2 degrees Celsius higher than the reference value (Davis, 
atmospheric system data), that is, the heat dissipation temperature X in MAPS >= 2.0.

2) Direct sunlight will indeed cause temperature rise, that is, the surface of the T mechanism will not be equal to 
zero under the influence of sunlight, which is in line with the sensor temperature equation.

3) Compared with fixed shade provided by structures, tree shade is a more complex temperature factor.
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Science Tips
 Urban Structure and Air Quality

 In 2014, the World Health Organization pointed out that the concentration of suspended particulates (PM10) and 
fine suspended particulates (PM2.5) in the air is related to an increase in respiratory and cardiovascular disease, 
and that indoor and outdoor air pollution causes damage to the human respiratory tract. These ailments include 
acute respiratory infection and chronic obstructive pulmonary disease. Furthermore, a strong correlation exists 
between cardiovascular disease and cancer. According to the statistics of the World Health Organization in 2016, 
outdoor air pollution has caused 4.2 million premature deaths worldwide, and has now increased to 7 million. In 
2019, air pollution was also mentioned as the greatest threat to human health. Miller, Kristin A., & Siscovick, 
David S (2007) stated that aerosols with diameters less than or equal to 2.5 µg have been shown to penetrate the 
human respiratory system and transport harmful chemical constituents throughout the circulatory system. Long-
term exposure to high PM2.5 places will increase the probability of cardiovascular disease (Douglas W. Dockery, 
1993).  In  addition,  short-term  exposure  to  high  PM2.5  concentrations  may  increase  the  outpatient  and 
hospitalization rate of cardiopulmonary diseases (Goodman , Patrick G, 2004). The Taiwan Healthy Air Action 
Coalition pointed out that  fine aerosols  can increase the mortality  rate from cancer among women,  and the 
mortality rate from female breast and ovarian cancers has also increased significantly;  prompting calls  on the 
government to pay attention to air quality issues (Manual of Health Risks and Prevention of Fine Aerosols, 2012). 
Because of this, it is extremely important to understand the air quality of your everyday life.

The emission sources of air pollutants in cities are diverse, including factory emissions, transportation, etc., and 
these emission sources will have different influences on the air quality of cities due to human activities. Taipei City 
is the largest metropolis in Taiwan. It is located in the Taipei Basin, and it has diverse buildings and a dense 
population. Residents of the Taipei metropolitan area may have their own health affected by air pollution risks 
caused  by  the  above-mentioned  emission  sources.  In  addition,  seasonal  overseas  pollution  will  cause  the 
concentration of suspended particles to rise, affecting the air quality of the Taipei metropolitan area. Table 1.1 is 
the historical data from the Environmental Protection Agency of the Executive Yuan. The air quality index (Air 
Quality Index, AQI) in the northern area has declined year by year since 2014 (103), and the rate of decline reached 
25.7% in 2019 (108). Among them, the rate of change in Taipei City was -21.5%. However, in 2019, there were 81 
days when the AQI of PM2.5 in the northern area was greater than 100. Such an indicator level will have an impact 
on the lives of sensitive groups. However, from the data of 2019, the average of PM2.5 is only 13.8 µg m⁻³, while 
PM10 is only 28.7 µg m⁻³. But in fact, the change of PM concentration will have different effects according to 
different environmental types and human activities in the city.

 SC+ Work Team and IPCS Xin Yang
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Generally speaking, the impact of air pollution on health depends on factors such as the type, concentration, and 
exposure time. These factors often change subtly due to changes in time and space. Urban morphology will affect 
the environment of the city itself, and it can also be analyzed through the urban morphology lens. The density of 
buildings and the complexity of urban structure will affect the environment in which we live (Stewart & Oke, 2012). 
Many researchers believe that air pollution is closely related to urban land use patterns. In the long run, optimizing 
urban spatial planning can improve the air quality of our living environment (Ye Tian, & Xiaobai Yao, 2019). In the 
past, there has been plethora of relevant literature analyzing these issues. Zheng, & Zhou (2017) analyzed the laws of 
land use differences and the temporal and spatial distribution of various air pollutants, and identified relationships 
between them. H. Merbitz et al. (2012) used GIS models to explore the relationship between areas with high PM 
concentrations and spatial  parameters  by observing the impact  of  different urban topography,  building density, 
vegetation,  and traffic  on PM concentrations.  M.P.  Keuken et  al.  (2013)  analyzed the trend differences  in  PM 
concentrations at different stations located across cities. Edussuriya et al. (2011) wanted to find out the relationship 
between urban form and air quality, and finally concluded that there are different types of cities that affect the 
change of air pollution. Among them, the most direct factor affecting PM concentration in cities is the wind. Wind 
speed and direction are the most important issues affecting urban air pollution. The density of buildings, the height 
of buildings, and the area are all factors that cause changes in wind speed, and these factors can be represented by 
"surface roughness" (Seo & Choi, 2019). Surface roughness can be used to assess the characteristics of wind currents 
and the conditions of airflow, which can be calculated from spatial  geometric properties and variability (Chen, 
2020).  Therefore,  by  analyzing  the  surface  roughness  of  different  regions,  we  can  understand  the  relationship 
between PM concentration changes and urban forms. 
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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: Miao-Jung Chien; Wei-Jhe Chen; Cheng-En Lin;

                         Xin Yang; Tzu-Chun Chang; Rong-Cih, Chang; Tzu-Ya, Wang; Chieh-Hsiang, Fan

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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