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Abstract

Power spectral analysis for PM1o observed at 10 cities in the Korean Peninsula from 2004 to 2010 was carried out to
examine the spatial and temporal features of PMjg evolution cycle. The power spectrum analysis proposed 9 typical cycles
(0.5 day, 1day, 5.4day, 8~10day, 19~21day, 26day, 56day, 180day and 365day) for PMio evolution and the cycles are
strongly associated with dilution and transportation due to the meterological influence. The spectrum intensity of 5.4day and
26day PMo evolution cycles mainly depend on the advection cycles of synoptic pressures system and long-term variation of
climatological forcing, respectively.

The intensity of PMig evolution with longer temporal cycles than one day tends to be stronger in La nifia period in
comparison with that in El nifio period. Mean of typical intensity of PMi¢ evolution in La nifia period estimated to be 30%
larger than El nifio period. Thus the global scale meteorological phenomena such as El nifio and La nifia also can influence
the variation of wind system in the Korean Peninsula and PMjo evolution. but global scale forcing tends to influence
different manner for PM¢ evolution in accordance with its temporal cycles.

Key Words : Power spectral analysis, PM;o concentration, Wind, Evolution cycle, Climate condition
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Fig. 1. Location of PM¢ monitoring stations and topography
of the Korean Peninsula. 10 stations are used in the
spectral analysis.
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Table 1. Mean and Standard Deviation of PM) in ten cities
in the Korean Peninsula from 2004 and 2010

o

Station Mean value Std. Deviation
(ug/m’) (ug/m’)
Seoul 60.69 50.62
Busan 59.79 4291
Daegu 49.62 41.51
Daejeon 46.71 37.80
Gwangju 45.40 40.65
Wonju 64.39 49.02
Cheongju 62.59 43.99
Mokpo 53.43 40.67
Yeosu 47.16 41.62
Seosan 46.90 40.30
Mean 53.67 42.91
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Fig. 2. Time series of spectrum power density of PMjo concentration in Seoul, Busan, Daegu, Daejeon,
Gwangju, Wonju, Cheongju, Mokpo, Yeosu, Seosan from 2004 and 2010. X and Y axises mean the
temporal cycles of PM 1o evolution and intensity of power spectrum, respectively. Thick solid lines in
the each figure indicate the red noise of PMj¢ concentration.
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Table 2. Spectrum power density and its normalized value for six major cycles of PMio concentration in 10 cities

Frequency
Station Name
26.1 19-21 8-10 5.4 1.0 0.5
Seoul 643833 851677 523532 315063 766834 151400
12 16 1.0 0.6 14 03
133819 391289 441917 469637 331854 125798
Busan 04 12 14 15 1.1 04
Dacgu 268880 332770 445557 335728 341789 447791
0.7 0.9 12 0.9 1.0 12
Dacjeon 407449 391774 288510 242375 368738 572047
1.1 1.0 08 0.6 1.0 15
Cwanet 266002 332597 402848 302967 82485 551209
wangd 0.8 1.0 12 0.9 03 17
Wonu 815121 617278 428929 421376 321726 1800787
11 0.8 0.6 0.4 25
Cheongiu 865765 776266 523465 268971 685813 1368818
12 1.0 0.7 0.4 0.9 18
Mokpo 116022 472098 193672 107412 407786 30797
05 21 0.9 0.5 18 0.1
Veost 132159 409186 266788 317809 602710 102336
04 13 0.9 1.0 20 03
Seosan 512020 450353 317509 187704 645464 422703
12 1.1 08 0.4 1.5 1.0
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Fig. 3. Normalized spectrum power density between half

and one day cycle of observed PMjo concentration
in 10 cities.
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Fig. 6. Temporal variation of sea surface temperature anomalies over El Nifio observation site (5°S~5°N, 170°W~120°W).
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Table 3. Spectrum power density and its normalized value for six major cycle of PMj¢ concentration in 10 cities during El

Nifio period
. Cycle of PMjo Concentrations during El Nifio period (day)
Station Name 26-34 1921 8-10 57 1 0.5
Seoul | 401596 491207 530513 503491 586998 65034
0.9 1.1 1.2 1.2 1.4 0.2
211694 269791 102927 88143 186512 65946
Bwsan | - —o—— - ———————C————————- oo
1.4 1.7 0.7 0.6 1.2 0.4
Daegu | 57835 160421 72941 80877 326002 166537
0.4 1.1 0.5 0.6 2.3 1.2
Daejeon | 98661 266606 128195 176646 205720 241500
0.5 1.4 0.7 0.9 1.1 1.3
Gwangju 125713 195287 145693 54651 6789 129252
1.1 1.8 1.3 0.5 0.1 1.2
Cheongu 125683 520465 271679 155859 275429 437514
0.6 1.7 0.9 0.5 0.9 1.4
Mokpo 207301 437305 283422 202225 21958 125345
1.0 2.1 1.3 0.9 0.1 0.6
Seosan (148345 27128164410 133120 155048 21720
0.8 1.3 0.9 0.8 0.9 1.3
Yeosu 175423 309905 101852 ¢ 90843 185169 30022
1.2 2.1 0.7 0.6 1.2 0.2
Woniu (242425 42642 200137 169567 ____ 81102 475398
0.9 1.6 0.8 0.6 0.3 1.8




198

o 10° Power Spectral Density Estimate Seoul El nino o 10° Power Spectral Density Estimate Seaul La nina
T T
;1. Seoul P ] ;1. Seoul 1
Pty P = 18.275day
3 P =10.9104day B 3 g
- 6961 e
£l P =6.961:day P =19 268day | £l P=10.9104day P = 66.2308day 4
H P = 3176264 H P =9.1375day B}
&4t . Y | g4 P = 1930202y P = 384T37day ]
i3r 1 HEe b
g H
21 1 21 R
1+ B 1+ g
[ "
0 L - > 0 - >
10’ 1 10 i 0 10’ ' 10 i 0
Period (da7) Period (day)
o 10° Power Spectral Density Estimate Busar El nino x10° Pewer Spectral Density Estimate Busan La nina
T T
;| Busan ] |
sk 1 |
E E
£ 5 e 2 4
&b ] H J
g3 P = 132909dzy 1 i ]
<l P =1day ] C |
P =7.0286day
1k ] ]
N ! o el e
10’ 1 10’ i 0 0
Period (da7) Period (day)
o 10° Power Spectral Density Estimate Daegu El Nino o 10° Pawer Spectral Density Estimate Daegu La Nina
T T
;1. Daegu ] ;1 Daegu 1
sk | sk P=91375day |
£ £ P = 14 0577day
g5 1 g5 P =5 4148day b
&4k P=1day | g4l |
5 B 5 P =3.0344d
23l P=215day i g3 lay |
< | P05y P = 17.8243day o |
1 P =13 2903day Pty | 1
) bbb I L .
10’ 1 10’ i 0 10’ ' 10 i 0
Period (da7) Period (day)
o 10° Power Spectral Dznsity Estimate Dasjeon EI nino o 10° Power Spectra Density Estimate Dagjeon La nina
T T
;1. Dagjeon 1 ;1. Deejeon ]
6r B 6r g
E E
5t 1 25t 1
S P = 1782934 H
IS o 1 XIS P =28 1154day b
5 P = 05da P =13 79250sy - 5 . .
Z3r Y otday P = 66.2308day el P=108104cey P=18275day | P=5623)8day q
@ P=6.961%day P =21 5day < P=thay
2r 1 2k P = 3.0686day R R
P =31 786dzy h | /\ e
1" J M 1 1" Ll ‘ N
N . kel = N | Y VL N
10 1 10 1 o 10 1 10 1 10
Period (da)) Period (day)
o 10° Pouwer Spectral Density Estimate Gwangu EI nino o 10° Pouer Spectral Density Estimate Gwangju La nina
T T T
;1 Gwangju 1 ;1 Gwangju P =56 2308day ]
6r B 6r g
5. ] 5.0 P=54t4elay  P=109104cey |
H H P =14 077day
54 1 &4r P = 3.0886day - g
E P =731y g P=2811584ay
HEIS R p= 1 HEIS R
H P=105%20ay  pY H
2 P=05day P =5848day h B 2 = (5day B
1 l 1 1 R
I lﬁ»« i I
0 ! H T 0 T _
10 1 10 1 o 10 1 10 1 10
Period (da)) Period (day)
Fig. 7. Same as Fig. 2 except for PMjo concentration observed for 2004.01-2005.12 on the left panels and

2007.04-2009.03 on the right panels.
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Fig. 7. (Continue)
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Table 4. Same as Table 3 except for La Nifia period

Cycle of PMjo Concentrations during La Nifia period (day)
Station Name
26-34 19-21 8-10 5-7 1 0.5
Seoul 284953 610845 373457 106310 143331 14553
eoull G EEERTEEEREE ~ "~~~ """~ "--~~—-----—--—"---—--—-—"-—"-"--
1.1 2.4 1.5 0.4 0.6 0.1
607203 298691 454782 365617 111468 25743
Bwsan = ---------""""--"""-"-"-""-"-"°-"-"-"-"—"—\—\——"—\——— -
2.0 1.0 1.5 1.2 0.4 0.1
382951 456189 341600 413730 58176 106082
Daegu | S
1.3 1.6 1.2 1.4 0.2 0.4
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Daejeon | S oo
1.3 1.2 1.4 0.8 1.0 0.4
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1.1 1.4 1.4 1.3 0.3 0.4
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1.1 1.4 1.0 0.4 0.9 1.2
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Mokpo = -7 ----  mo——————— oo ———————— L mm——— oo
0.9 1.5 0.8 0.6 1.7 0.4
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Seosan = ----------, . —o--——————— . — oo
0.9 2.1 1.3 0.2 1.4 0.2
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Yeosu | T — oo
1.1 1.4 1.2 1.4 0.7 0.2
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Table 5. The mean and difference of spectrum power density for six major cycle of PMj¢ concentration in 10 cities during El

Nifo and La Nifia period
Power Spectrum Density
Station Name (@EI nifio (b)La nifia d'f(f:f);’ce
Seoul 429806 255575 174232
Busan 154169 310584 -156415
Daegu 144102 293121 -149019
Daejeon 186221 173694 12528
Gwangju 109564 295490 -185926
‘Wonju 263545 280835 -17290
Cheongju 309938 380700 -70762
Mokpo 212926 260534 -47608
Yeosu 148869 291929 -143060
Seosan 174962 252301 -77339
Mean 213410 279476 -66066
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