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Abstract

In recent years, central Taiwan has become more urbanized and industrialized.
As the population density has increased, so has the level of anthropogenic pollutants,
especially from industrial and motor vehicle emissions. The transportation and
diffusion of such pollutants, which usually cause the air quality to deteriorate, are
determined by meteorological factors, such as wind direction, wind speed and mixing
height.

In this study, we used a tethersonde to monitor air pressure, temperature,
humidity, wind direction and speed and we collected air samples at different heights
which were analyzed for concentrations of O3, NOx, NMHC, SO, and CO in different
seasons. We used a Meteorological Temperature Profiler (MTP5-HE), which is a
new instrument for monitoring the temperature profile and estimating the mixing
height variation in selected seasons. We also ssimulated the synoptic weather systems
with the Pennsylvania State University/NCAR fifth generation Mesoscale Model
System (MM5), and with the air pollution model (TAPM), and simulated the air
quality with the Taiwan Air Quality Model (TAQM). Then, we anayzed and
compared the data from the Taiwan Environmental Protection Administration (TEPA)
with the results of the tethersonde monitoring and model simulations.

For horizontal meteorological ssimulations, the wind speed of the MM5 and
TAPM in spring in central Taiwan presented good agreement, and the correlation
values both reached 0.82, with the standard errors and |OA values between 0.92~2.04
and 0.55~0.77, respectively. For the temperature aspect, the correlation values of
these models reached 0.93; the standard errors and 10A values were 0.99~4.12 and
0.52~0.95, respectively. In autumn, the correlation values of wind speed ssimulated
by models were better than 0.66; the standard errors and |OA values were 0.91~2.92
and 0.31~0.80, respectively. For the temperature aspect, the correlation values of the
models reached 0.86; the standard values and I0A vaues were 1.63~3.33 and
0.67~0.93, respectively. The TAPM provided good vertical wind and temperature
field simulations. The MM5 and TAPM estimated the mixing heights for different
seasons, which also affect the extent of air pollution. After comparing the results
obtained with the models and observations, we found that the models can compensate
for observation failure and help researchers understand the complexity of the
atmospheric environment and topography in central Taiwan.

Keywords: Mixing height, tethersonde, MTP5-HE, MM5, TAQM, TAPM
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1. 7 B <£% 35 % pl &k (Meteorological Temperature Profiler) : MTP5-HE z_ 32 7 %

AR BERER  FRTE R ERIRL B2 K A REHTEFR LA
TR X X BGERRTAVEFE) P BEHSKEL AT LR BRE > §RED
FHe TpE S TR ARM o MTPS-HE 7 # kipl &3 £ 3 8 % 1000 2 2 3§ & 36 if
RIRE B fedod 20 P REF B &4 F BHERIRALRUTL L HEY
BRI AR FIL N T F S AR BE ST g < e o

2. Holzworth Method (Holzworth, 1967) : 41 #* €28 F B2 %t 5 5 > B @& 5 M

Lo graBA Y LA L ER AR BL IR TRERFR VAL
B AR o

% 2. MTP5-HE z #.#%

Specifications
Altitude range 0-1000 m
Altitude resolution 0~100 m/50 m, 100~400 m/ 70 m,
400~600 m/ 80 m, 600~1000 m/ 120 m
M easurement cycle 600 sec  (minimum)
Accuracy for adiabatic 0~500 m / +0.3 °C, 500~1000 m/ +0.4
Accuracy for inversion C
0~500 m / +0.8 C, 500~1000 m/ +1.2
C
Central measurement frequency 56.7 GHz
Receiver sensitivity 0.1°C (1 second integration time)
Number of measurement angle 30 (varying interval from 0-90°)
Power requirement 200 VACor 110 VAC
50-60 Hz
Power consumption 200W  (max)
60 W (nominal)
Ambient temperature range -20Cto+50C
With insulating jacket option -40°C
Operating conditions Rotating cover self-cleans deposition
Cdlibration Self-calibrating relative to ambient air
temperature sensor (included) and
internal radiometer reference load
Dimensions (norma) MTP 5, excluding | 25cm  (diameter)
power supply 60cm  (length)
20 kg (weight)
Typical motor operating life-time In excess of 3years (10 min. scans)
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b B B B #k (US Geological Survey, USGS) 2.y 3k F R OB P & st (Earth
Reﬁourceﬁobservatlon Systems, EROS) SEIERE CIVAIE £ A S (Dlstrlbuted Active
ArchiveCenter, DAAC) T # » # 5% & F”J‘agb, 30F) (95122); %L G B R FHER
B ERR RS § 271 ¢ < (US National Central for Atmospheric Research, NCAR)#+
Rz 270 T 6 BATHE B AFRY L1 A(Y5100km) 5 & FEF %
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B(H575 2231100 22) e SR T 25 L RPEFT R ¢ FAER 2
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MODEL | NEST [RESOLUTION(km)| NX*NY |NZ
TAPM D1 10 80*80 | 25
D2 3 80*80
D3 1 80*80
MM5 D1 81 91*73 | 24
D2 27 9191
D3 9 79100
D4 3 49*55
TAQM D1 81 8567 | 15
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D3 9 7394
D4 3 43*49
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Stations\ AVG_ AVG_ AVG_ SID_ SID_ SID_ CORR_ CORR_ I0A_ 10A_
OBS ml m2 OBS ml m2 ml m2 ml m2

Shalu 171 235 2.39 1.02 150 1.35 0.58 0.66 069 0.72
Erlin 177 2.07 255 1.20 146 1.67 0.55 0.80 0.74 0.80
Fengyuan | 1.08 2.35 2.76 0.83 146 1.87 0.80 0.82 0.64 0.56
Hsitun 191 242 3.06 131 152 1.70 0.70 0.76 081 0.75
Tali 141 196 254 1.08 137 184 0.82 0.82 085 0.73
Nantou 064 182 247 0.67 122 197 0.70 0.81 058 047
Chushan | 1.76 1.74 175 0.89 092 204 0.68 0.79 082 0.72
Chungming | 1.44  2.30 2.84 1.03 151 1.70 0.71 0.67 0.74 0.63
Taichung | 1.32 211 2.49 0.89 143 141 0.73 0.69 0.73 0.64
Wuchi 3.09 248 2.29 2.00 163 1.39 0.58 0.70 0.73 0.77

OBS= observation, m1=MM5, m2=TAPM, AV G= Average, STD= Standard bias, CORR= Correlation Coefficient, IOA = Index of
agreement

205 HFC NG GebE 3 S RS R B R AP A

e AVG_ AVG_ AVG_ SID_ STD_ STD_ CORR_ CORR_ IOA_ 10A_
OBS ml m2 OBS ml m2 ml m2 ml m2

Shalu 2491 2277 2598 242 124 257 0.81 0.70 0.65 0.80
Erlin 2433 2365 2510 262 128 3.67 0.82 0.93 0.77 092
Fengyuan | 24.24 2324 2592 234 170 274 0.90 0.89 087 084
Hsitun 2593 2376 2576 296 159 342 0.93 0.92 0.73 0.95
Tali 2559 2449 2604 280 178 412 0.91 0.90 085 091
Nantou 2535 2335 2636 315 178 348 0.90 0.94 088 0.95
Chushan | 25.26 2398 2694 2.69 187 294 0.87 0.92 084 0.88
Chungming | 26.53 2422 2567 277 177 391 0.90 0.92 072 091
Taichung | 25.60 24.63 2591 261 193 3.96 0.90 0.90 0.88 0.90
Wuchi 2558 2320 2523 1.67 099 206 0.69 0.62 054 0.76

OBS= observation, m1=MM5, m2=TAPM, AV G= Average, STD= Standard bias, CORR= Correlation Coefficient, IOA = Index of
agreement
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Stations\ AVG_ AVG_ AVG_ STD_ STD_ STD_ CORR_ CORR_ IOA_ I0A_
OBS ml m2 OBS ml m2 ml m2 ml m2
Shalu 190 227 3.80 112 145 280 0.44 0.68 066 053
Erlin 180 174 328 1.15 136 266 0.52 0.54 0.73 050
Fengyuan | 1.32  2.02 3.33 0.81 123 233 0.50 0.64 061 042
Hsitun 181 197 297 1.14 141 292 0.40 0.79 066 0.64
Tali 138 154 262 0.78 114 217 0.66 0.56 0.77 045
Nantou 080 136 255 0.58 113 146 0.52 0.36 058 031
Chushan | 066 1.23 177 0.71 091 104 0.66 0.77 071 063
Chungming| 1.49 179 266 0.80 135 243 0.48 0.75 064 054
Taichung | 1.26 154 247 0.75 117 214 0.51 0.70 066 051
Wuchi 357 243 385 2.04 165 284 0.48 0.71 0.67 0.80

OBS= observation, m1=MM5, m2=TAPM, AV G= Average, STD= Standard bias, CORR= Correlation Coefficient, IOA = Index of

agreement

BT RESIF GrRE ST RIS HORL R R S A 4

Stations\ AVS AVG_ AVG_ SID_ STID_ STD_ CORR_ CORR_ IOA_ 10A_
OBS ml m2 OBS ml m2 ml m2 ml m2
Shalu 2739 26.60 2622 229 244 165 0.92 0.84 093 0.82
Erlin 2712 27.02 2581 296 230 208 0.94 0.85 0.80 0.67
Fengyuan | 26.93 2580 2556 2.59 259 187 0.93 0.82 092 081
Hsitun [27.20 26.39 26.06 3.30 234 203 0.94 0.86 092 083
Tdli 2811 27.70 2625 299 271 228 0.88 0.83 093 0.79
Nantou |27.23 26.26 26.28 3.28 255 189 0.85 0.79 0.88 0.79
Chushan |26.47 2631 2635 3.04 263 163 0.81 0.71 089 0.75
Chungming | 26.52 28.32 26.07 2.77 333 227 0.90 0.86 086 091
Taichung |27.24 2770 26.15 293 294 235 0.90 0.81 094 085
Wuchi 2725 2733 26.17 181 238 168 0.88 0.82 092 082

OBS= observation, m1=MM5, m2=TAPM, AV G= Average, STD= Standard bias, CORR= Correlation Coefficient, IOA = Index of

agreement
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