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Evaluation of the CALPUFF Model Using Improved
Meteorological Fields in Complex Terrain of East Sea Coast
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Abstract

Donghae city is one of the most representative cement industrial city in Korea. The area is faced with the East
Sea to the East and with high montane region of Tae-Back mountain range to the West. Many pollutant sources of
air pollution are located near the coast, but the largest point sources of the region are located at the bottom of the
mountain area in Donghae city. The local wind is highly affected by local topography and plays an important role
in transport and dispersion of contaminants from the pollution sources.

This study was designed to evaluate enhancement of MMS5 predictions by using Four Dimensional Data
Assimilation (FDDA), the SONDE data and the national meteorological station, data only. The alternative
meteorological fields predicted with and without FDDA were used to simulate spatial and temporal variations of
NO, in combined with Atmospheric Dispersion Models (CALPUFF).

For the modeling domain, the alternative meteorological fields with 1.1 km spatial resolution were interpolated to
the CALMET with 0.5 km resolution. The vertical layers set to have 35 and 12 layers for MM5 and CALPUFF,
respectively.

MMS5 with the FDDA did not resulted in significant improvement of meteorological field prediction in Donghae
region, which is primarily because of complex geography and wind scheme. The result of CALPUFF, however,

showed reduction of uncertainty errors by using the interpolation scheme of the actual measurement data.
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Fig. 1. Hourly NO, NO, concentration observed at Donghae air pollution observation station during Dec. 2004.

sy 7) S A A A25A AL s



Folatel BaA gl 1Ak Aol wE CALPUFF el 97p 17

2.1 2 Alsy Table 1. Modeling grid size.
R Afalyge gwst 3 . A 93 M%\anain MM35
9} Falwdol FlAbArS AAE7] s MMSE Cross point DO1 DO2 D03 D04
EXP-13} EXP-22 F-3Ha}e] Agsigo) ZI4raq X 78 42 36 57
33 51
MM5e Q] ogode 7)Akx o} Y 66 30
’4 =del o e A A= RDAPS L o 0 0 > 0
(Regional Data Assimilation and Prediction System)  verrical layer 13 15 35 15

ABrE o]L3le] 27)Ae AT I 30 kmEE
10km, 3.3km Nesting F4& Ax H= 1.1km 94

o] FAHA AL AVt ). Jayer Soil modet-g 7+z} Abg-8}eirt.
w3t sAbuee] Ao MMS 11km wrQl ofel spabeele] 7.9 CALMET® CALPUFF S8

W SHAIE FAeR 0.5km Azl wrelg 4R AR Ga) dal=g AAsieivh(E 3). 7|4 AA
sto] S Agsloich(1¥ 2). £ 2 Au¥d & S8ty MMS5 ZIAA R A7 Atee
A - F 2)dnde) Eo)H parameterd VEP] e AWS ZiARkR 9 AE7PIARE WAFsled CAL-
24 EXP-19] 7% Az¥3le A o9k, PUFFe g8#xlz = Al&slglch CALPUFFo|A =
EXP-2% Alagds Aldlsld A 7jabg 734-4 ALShE-E-8 weisle] FalA] dr] e g8 HX 40
ZholE W] g v} Land Surface Model 9] 2-¢- fi A7 e&:xaE YH sy, MESOPURF-II sch-

Table 2. MM5 model physics matrix and sensitivity experiments.

Scheme dei
MM5v3.7 FDDA data Nudging
Radiation PBL Expliat Cumulus coefficients
EXP-1 CLOUD MRF Mixed-phase Grell no -
. Met.st* Go=4x 10"
EXP-2 RRTM MRF Mixed-phase Grell + sonde Ga=1.5x 167

*Met.st : Meteorological station, sonde : upper-air station

MMS5 1.1 km domain (5751)
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Fig. 2. Domains used in MM5 model (left panel). The inset figure in the right panel shows the innermost domain
covering Donghae region with topographic details where the elevation contours are drawn at 100 m interval. W
block lectangles represent emission source of N.
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Table 3. Map Projection and Grid control parameters of

CALPUFF model.
Configuration
Parameters
X Y
Reference grid 240km —70km
Grid cells 96 84
Projection origin (deg.) 38N, 126 E
coGII:rdol Grid spacing (AX) 0.5km
Vertical layers 12
0, 20, 40, 80, 160, 300,
Cell face heights (m) 600, 1000, 1500, 3000,
4000, 5200
Proiection Lambert Conformal
g Conic (LCC)
Mep K Geodeti
roiection B . orean Geodetic
pros Geoid-Ellipsoid System 1995 : WGS 84
Region / Datum South Korea/WGS-84
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Fig. 3. Processing steps of CALPUFF modeling system.

Table 4. Meteorological and Wind Field Parameters of CALPUFF model.

Parameters Configuration

Interpolation type 1/R
Temperature

Radius of influence 20km

Radius of influence of terrain features 10 km

Initial Guess Vertical varying winds (Biases) -1,-1,-1,-1,-1,05,0.5,08,1,1,1, 1
Wind field RMAX1 30 RMIN 0.1

Varying Radius of Influence (km) RMAX2 30 R1 10

RMAX3 50 R2 50

Mixing Ht. Overland / Overwater (m) Min. 20 Max. 5200
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Table 5. Characteristics of point sources in the model

domain.
. Stack Stack .
LON LAT height diameter Elevation
(deg) (deg) (m) (m) (m)
37483 44 60 {10
37.482 66 57 110
: 37482 80 4.5 110
Ssangyong 89 4.0 90
89 4.0 90
89 4.0 90
89 4.0 90
40 34 50
45 3.4 30
50 5.0 50
Dongyang 65 35 50
65 35 50
80 5.5 60
80 55 60
60 4.2 120
102 4.7 120
Halla 102 47 120
102 4.7 120
Power 150 4.0 50
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Fig. 4. Comparisons of variations observed at Donghae Weather Station and calculated by MM5 for 16~ 20, December

2004.
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Table 6. Definition of the traditional evaluation statistical
measures.

Correlation (Co—C,) Co— E;)
coefficient (r) = sC.oC.
o Cp

RMSE=|~5(C,—C,)
N7

Root Mean Square LN e A2
Error (RMSE) RMSEsZ/ 2 =Co)
SEu=[4 3.t —C,)? o+
RMSEu= ﬁ%( —Cp)” C*=a+bC,
- -G

Fractional Bias (FB) FB=—"—_—

0.5(C,+Cy)

1N

Mean Bias (MB) MB=g iél(cp —Co)

C, : predicted concentration, C, : observed concentration
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16~ 20, December 2004 in Sokcho Upper-air Sta-
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Table 7. Summary of MM5 simulations performance for surface temperature and wind speed(Donghae Weather

Station).
Ground station r RMSE RMSEs RMSEu MB FB No. of data
Temp. (k) EXP 1 0.76 334 2.689 1.98 —2.45 -0.009
EXP 2 0.78 3.16 2.450 1.99 -2.26 -0.008 11
WS (m/s) EXP 1 0.45 2.31 1.476 1.78 1.39 0.467
EXP2 0.48 1.32 0.811 1.05 -0.09 —0.042
Table 8. Statistics for meteorological variable for Sockcho Upper-air Station.
Upper-air station r RMSE RMSEs RMSEu MB FB No. of data
Temp. (k) EXP 1 0.94 3.83 1.79 3.38 -1.48 -0.01
p- EXP 2 0.95 3.59 197 2.99 ~1.66 -0.01
Umss) EXP 1 0.46 10.53 2.68 10.18 0.22 0.03 66
EXP 2 0.36 11.72 4.64 10.76 1.93 0.24
V (mss) EXP 1 0.32 9.91 8.38 5.30 —2.83 —4.19
EXP2 0.34 9.34 7.71 5.28 —-2.72 —4.37
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Fig. 7. Simulated and observed hourly N (ug/m®) concentrations for Donghae Air poliution observation station during

17 ~ 19 December 2004.

Table 9. Summary of CALPUFF experiments performance statistics for hourly average concentration of N (ug/m®).

Ground station RMSE RMSEs RMSEu MB FB No. of data
N (ug/m®) CAL-EXP 1 58.50 45.39 36.91 —23.59 -0.702 68
CAL-EXP 2 51.88 40.54 32.37 -20.37 —-0.578
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