Using wind tunnel
experiments to analyze
the role of wetland
vegetation in blocking
air pollution
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Research Motivation

Fig. 1 The mouth of Taipet's
Tamsui River 1s the Guandu Plain.
In the picture, you can see that the
Guandu Plain has well-developed
wetlands and vegetation. In the
park with dense wetland
vegetation, you can see a beautiful
red bridge, which is the landmark
of Taipe1 City: Guandu Bridge.
The high mountain in the distance

1s Guanyin Mountain. ,
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Research Motivation

Fig. 4 The dense wetland
vegetation in this image and
the buildings 1n the
background are the
motivation for our project.
We want to explore the
effect of wetland vegetation
on pollutant shielding and
improve air quality.



Data Collection from and to GLOBE DATA f

To study the impact of wetland vegetation on air
pollution, we explored the GLOBE PROGRAM website
for information on wetland ecology and air quality data.
Since the school 1s far from the Guandu Wetland, we
focused our research on the school area. Guided by our
teacher, we used wind tunnel experiments to examine
how vegetation placement affects airflow and air quality.
The process involved a literature review, data collection,
wind tunnel design, and analysis. We also hope to share
our data and contribute to the GLOBE DATA database.




Main air quality monitoring instruments
(used 1n wind tunnel and field measurements)

PM?2.5 air quality monitor: suspended particulate matter, air quality index, clean room monitoring, formaldehyc
(550-AQM+8) (Made 1in Taiwan, Precision Technology, Electrical Hardware Seat)
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A1r quality monitoring equipment

Anemometer Sound Level meter Thermo-hygrometer




Sound Sensor

= 00:00:04

Building Arduino Monitoring Instrument: Sound Sensor and Water level meter.



Temperature and humidity

00:00:20 =

Building Arduino Monitoring Instrument: Temperature and humidity, and
Photoresistor.
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Measurement data
« PM2.5 : 7 ug/m3

PM1.0 : 4 ug/m3

PM10 : 8 ug/m3

HCHO ( Formaldehyde ) : 0.027 mg/m3

TVOC ( Volatile organic ) : 0.154 mg/m3

Wind Speed : 1.58 m/s

Temperature : 35.6 °C

Humidity : 46.4 %
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Nighttime air quality monitoring around the campus (¢ == (Mo
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Measurement data : |ZZi P i
« PM2.5 : 11 ug/m3 "
* PM1.0 : 4 ug/m3 " o
* PM10 : 8 ug/m3 - L8

HCHO ( Formaldehyde ) : 0.049 mg/m3
TVOC ( Volatile organic ) : 0.275 mg/m3
Wind Speed : 3.31 m/s
Temperature : 29.7 °C
Humidity : 63.2 %
Decibel : 89 db




Measurement on campus (small wetland on campus)

Date : 10/1 (Monday)
Time : 17:00 ( Rush Hours )
Measurement
« PM2.5 : 27 ug/m3
* PM1.0 : 15ug/m3
* PM10 : 34 ug/m3
* HCHO ( Formaldehyde ) : 0.040 mg/m3
* TVOC ( Volatile organic ) : 0.222 mg/m3
* Temperature : 26.6 °C
* Humidity : 89.0 %
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Measurement outside campus (at school gate)

Date . 10/1 (Monday)
Time : 17:00 ( Rush Hours )
Measurement :

« PM2.5 : 33 ug/m3

* PM1.0 : 19 ug/m3
PM10 : 42 ug/m3
HCHO ( Formaldehyde ) : 0.024 mg/m3
TVOC ( Volatile organic ) : 0.137 mg/m3
Temperature : 27.7 °C

Temperature : 90.0 %
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Using GLOBAL DATA
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Environmental background data collection from
GLOBE DATA and Government websites

We collected environmental data around the
school as background data, which will be
revised to a wider area or larger spatial scale
depending on the analysis situation. The
relevant data include CO,, CO, O,, SO,, NO,,
temperature, humidity, AQl value, PM10,
PM2.5, wind speed, wind direction, rainfall,
traffic volume and other monitoring data.




ion from and to GLOBE DATA

Data Collect




Outline

This presentation 1s followed by:

- Research Background

- Observations from the Guandu Wetland near the Tamsui River estuary in northern Taiwan

- Investigating the relationship between wetland vegetation density and air pollution reduction, especially in
relation to nearby buildings

- Research Methods

- Participating in the GLOBE Program, comparing air quality data from inside and outside the school campus
- Installing pollution monitoring instruments to collect air quality data

-Research Focus
- Exploring how wetland vegetation blocks air pollution
- Specifically studying the location and density of vegetation

-Wind Tunnel Experiments
- Designing wind tunnel experiments to identify the best placement of vegetation for improving air quality
- Conducting 40 experiments using a self-constructed acrylic wind tunnel
- Factors considered: pollutant emission times, vegetation location, and density

- Experimental Results
- Denser vegetation placed farther from pollution sources and closer to buildings significantly improved air quality
- Emphasizing the potential of wetlands to enhance urban environments
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Literature Review

The literature shows that planting wetland
vegetation can beautify urban areas and
significantly reduce air pollution, improving
public health and quality of life. However,
while 1t highlights the importance of wetland
vegetation, 1t doesn't specifically address how
tree planting locations attect air quality,
indicating the need for further research.




However, the travel time between Guandu Bridge and our school is over
two hours, which is too long, so our teacher suggested that we conduct
wind tunnel experiments in the lab and collect data from our school.
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Wind tunnel experiment



Concept sketch

We want to know which is better for reducing air pollution and improving air
quality? Planting wetland vegetation near pollution sources or near houses?

Which location is better?




Wind Tunnel Experiment

sprayer
mist

= pollution source

fake tree A

fake tree B

25cm

20cm

o)(J

@

pollution
detection
device
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Experimental equipment

PM?2.5 Meter sprayer tape measure Fake tree strips [ron Ruler
Record pollution source As a source  Confirm the location of Simulate trees  Push and move
concentration of pollution  the artificial tree strips fake tree strips



Experiment Setup

The experiment used a custom-built acrylic wind tunnel with a sprayer
releasing water mist as a pollution source. Fake tree strips were placed at
different positions to study their impact on air quality. A PM?2.5 detector
monitored pollutant concentration, and timing was controlled with
stopwatches and recorded via mobile phone.
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Wetland vegetation model establishment method

The wetland vegetation 1s created by

folding strips of artificial trees.

1. Dense vegetation: 1.0 meter artificial
tree strips folded in half to 0.25
meters.

2. Sparse vegetation: 0.5 meter strips
of artificial trees folded 1nto 0.25-
meter strips.

The distance between the artificial tree
strips and the pollution source:

* A30cm
e B:50cm
e C:40cm

B: closest to buildings, D: closest to pollution sources * D:20cm 28



Experiment Video

The sprayer on the left
releases water mist as
pollution, while the black
device on the right detects
pollutants. The black
backeground helps us
visualize the pollutants’
advection.

29



Sxperimental Data (40 experiments)
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Statistics

Time-History of PM2.5: Dense VEG, same
PUL duration at diff LOCs
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Time-history of PM 2.5. Dense

vegetation. Four images represent
different levels of pollution. Three
lines represent different locations

Based on the above data, under
the same vegetation density,
no matter whether the
pollution emission time is 15,
20, 25, or 30 seconds, the
pollution level is lighter at
position B. Position Ais 30 cm
away from the pollution source,
while position B is 50 cm. In
other words, when the
vegetation is far away from the
pollution source and close to
buildings, wetland vegetation
has a significant effect on
reducing the pollution level.
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Statistics

Time-history of PM 2.5. Sparse
vegetation. The two images represent
different levels of pollution. Each line
represents a different location.

From the two experimental data below, we can see that sparse wetland vegetation has
limited ability to block air pollution, and the PM2.5 concentration rises rapidly and soon
exceeds the limit of the instrument. However, it can still be seen from the rate of
pollutant dissipation that planting wetland vegetation at position B has the best effect in
reducing PM2.5 concentration, and it can be seen that the closer the vegetation is to the
building, the better the effect of improving air quality.
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Statistics
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Time-history of PM 2.5. Dense (blue line) vs.
sparse (orange line). A, B, C,and D
represent different locations. Three sets of
lines represent different pollution levels

This set of data compares the
effect of different densities of
wetland vegetation planted
at locations A, B, C, and D on
improving air quality. It is
obvious from the data that
dense vegetation is more
effective in blocking pollution
than sparse vegetation.
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Statistics

Time-History of PM2.5: Dense VEG, diff PUL
duration at same LOCs
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Time-history of PM 2.5. Dense
vegetation. The four images represent
different locations. Each line
represents a different level of pollution.

This data is a time series history chart
of PM2.5 concentration of dense
vegetation wetland vegetation at
positions A, B, C, and D for different
pollutant emission times. It can be
clearly seen that wetland vegetation
at position B, which is the position
closest to the building, has the best
effect in improving air quality. That is,
the PM2.5 concentration at position B
is the smallest among all pollutant
emission times. From the figure, it
can be seen that the pollutant
concentration is approximately
proportional to the emission time. In
addition, this experiment belongs to a
two-dimensional diffusion experimgﬁc.



Conclusion
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Time-history of PM 2.5. Dense
vegetation. Four images represent
different locations. Three lines
represent different levels of pollution.

This set of data is a time series of
PM2.5 concentrations at
different pollutant emission
times for sparsely vegetated
wetland vegetation at locations
A, B, C, and D. It can be seen that
under the conditions of sparsely
vegetated wetland vegetation,
pollutants will increase rapidly.
However, the rate of decrease in
pollutant concentration is the
fastest at location B.
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Conclusion and implementation points

[n summary, to maximize the effectiveness of wetland vegetation, the following points should be

considered:

1. Choose mangroves with dense leaves and plant shrubs underneath them.
2. Position wetland vegetation close to buildings and away from pollutants.

3. If pollution is too severe or prolonged, wetland vegetation” s effectiveness will be reduced.

Time-History of PM2.5: Dense VEG, diff PUL
duration at same LOCs

o
- e\ \
LI \
"\
7z oy \

60 80
Time (sec)

—s—D05a~e=D10a ~#-D150 D20
——D25a—+—D30a——D45a

Time-History of PM2.5: Dense VEG, diff PUL
durations at same LOC

w

g i -2 WSS = = S-S

= 0 20 40 60 80
Time (sec)

~e—=D05p ~e—=D10p ~=-D15p ——D20B
——D258 —+—D30B —— D358 — D40B

Time-History of PM2.5: Dense VEG, diff PULs
duration at same LOC

__. 1000
@

£ 800 { %

~

o 600 f

5 *
0 400 \
o 200

s \

o 0
0 20 40 60 80
Time (sec)

—-505a —+-S510a —+-515a

Time-History of PM2.5: Dense VEG, diff PULs
duration at same LOC

__ 1000
5

£ 800 /

~

w 600 / b

; 400 "

rEu 200 N

o 0
0 20 40 60 80
Time (sec)

——505f —=—510p -=-5158

Time-History of PM2.5: Dense VEG, diff PULs
duration at same LOC

__ 1000

B

£ 800

~

ap 600

=)

~ 400

1

o 200

a 0
0 20 40 60 80

Time (sec)

—e—D05y —s—D10y —+— D15y — D20y —— D25y ——D30y — D35y

Time-History of PM2.5: Dense VEG, diff PULs
duration at same LOC

___ 1000 —
£ 800 /

~ / Y

o 600

o J

= 400 \

wn §

200 } Ny

E & A i ¥ T T OO

0 20 40 60 80
Time (sec)

——-D056 —=—D10§ —+-D156

Time-History of PM2.5: Dense VEG, diff PULs
duration at same LOC

__ 1000

& f \

£ 800 \ \

~

op 600 %

=]

o 400 \

g 200 \

2l S—
0 20 40 60 80

Time (sec)

——505y —-+-S510y —=-S15y

Time-History of PM2.5: Dense VEG, diff PULs
duration at same LOC

__ 1000
5 / \
£ 800 $
*
= 600 | \
S |
; 400 .
- L
o 200 \
= J .

o 0
0 20 40 60 80

Time (sec)

——5056 —+-5106 -=-5156

36



Conclusion and implementation points
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Conclusion and Recommendations



Conclusion and Recommendations

* In this project, we reviewed GLOBE PROGRAM articles and 5 SCI papers on air
quality, and set up monitoring equipment for PM2.5, PM1.0, PM10, HCHO,
TVOC, and other indicators.

 We collected pollutant data around the school and from the past three years
via GLOBE, as well as measuring pollutant concentrations on campus for
comparative analysis.

* For experiments, we used a small acrylic wind tunnel and conducted 40 trials
with sprayers, fake tree strips, and pollutant monitors. The results showed
consistency and repeatability, ensuring the reliability of our findings.



Conclusion and Recommendations

The study found that denser wetland vegetation, placed farther from
pollution sources and closer to residential buildings, significantly
improves pollutant concentration. Based on these findings, we
recommend that the government prioritize dense tree species and low
shrubs when planning sidewalks and wetland vegetation, with vegetation
placed near residential areas for optimal air quality improvement.




Thanks for listening

Yun-Ping Wu*, Jie-Yun Miao
FuDan High School,

Taiwan
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